
1 

   
   

 

24th NJF Congress 
2nd Nordic Feed Science Conference 
 

Food, Feed, Fuel and Fun 
Nordic Light on Future Land Use and Rural Development 

Book of abstracts 
Swedish University of Agricultural Sciences (SLU) 
Uppsala, Sweden, June 14–16, 2011 



 

 



 

 

24th NJF Congress: Food, Feed, Fuel and Fun 
and 

2nd Nordic Feed Science Conference 
2011 

 
 





 

24th NJF Congress and 2nd NFS Conference 2011  1 

 
 
 
 
 

Book of Abstracts of the 
24th NJF Congress 

 

Food, Feed, Fuel and Fun 
Nordic Light on Future Land Use and 

Rural Development 
 

Nordic Association of Agricultural Scientists 
Uppsala, Sweden, June 14–16, 2011 

 
and of the 

2nd Nordic Feed Science Conference 
 

Swedish University of Agricultural Sciences 
Uppsala, Sweden, June 15–16, 2011 

 
 
 
 
 
 

Edited by: 
Jan Hultgren, Paula Persson, Elisabet Nadeau and Fredrik Fogelberg 

 



 

2 24th NJF Congress and 2nd NFS Conference 2011 

ISSN 1653-2015 
 

Printed in Uppsala, Sweden, 2011 

Book of Abstracts of the 
24th NJF Congress 
Food, Feed, Fuel and Fun – Nordic Light on Future 
Land Use and Rural Development 
Uppsala, Sweden, June 14–16, 2011 
 
and of the 
2nd Nordic Feed Science Conference 
Uppsala, Sweden, June 15–16, 2011 
 
Nordic Association of Agricultural Scientists 
NJF Report, vol. 7, no. 3, 2011 
 
Edited by Jan Hultgren, Paula Persson, Elisabet 
Nadeau and Fredrik Fogelberg 
 
Cover photo: Mats Gerentz, Jan Hultgren, Paula 
Persson and Hanna Friberg 
 
The individual contributions in this publication and 
any liabilities arising from them remain the 
responsibility of the authors. 



 

24th NJF Congress and 2nd NFS Conference 2011 3 

Preface 
 
Welcome to the 24th Congress of the Nordic Association of Agricultural Scientists, NJF! The Swedish 
National Association of NJF is the congress organiser and it is a pleasure to welcome you to the lush 
and green SLU Ultuna campus in Uppsala. NJF will this year become 93 years and is a living, dynamic 
organization with 1.500 members in eight countries – all interested in agriculture in a broad 
perspective and its important role in society. 
 
The NJF Congress 2011 has as its theme “Food, Feed, Fuel and Fun – Nordic Light on Future Land Use 
and Rural Development”. We are pleased to have two keynote speakers in the opening session that 
will give us a thought-provoking take-off for the rest of the congress. Professor Harry Linnér, SLU, will 
speak about how and if the Nordic countries protect their agricultural land from new buildings and 
roads. Johan Kuylenstierna, Centre Director for Stockholm Environment Institute, will give a global 
view and have chosen the optimistic title “Food for 9 billion? Of course it is possible!”. We have 
received more than 200 abstracts and our broad theme effort is reflected in the topics of the seven 
parallel oral sessions: Biofuel and biomass, Animal welfare and protection, Integrated pest and weed 
management, IPM; Plant production; Sustainable soil management; Agricultural landscapes; and 
Economics and management. We are glad to have the 2nd Nordic Feed Science Conference, focusing 
on the topic “Feed Evaluation and Future Feeds”, joint with the NJF Congress 2011 with sessions 
from lunch to lunch on June 15–16. All topics, including an ‘Organic Corner’ presenting research and 
development within Nordic organic agriculture, will be shown in a poster exhibition that can be seen 
during the entire congress. A workshop on ‘Integrated Pest Mangement, IPM’ is organised in the late 
afternoon of June 14, penetrating national action plans on the highly topical implementation of a 
new EU Directive. The NJF Congress 2011 will be ending with a plenary workshop on ‘Future 
Agriculture – Future Scenarios’ before lunch on June 16. Come and listen to a keynote talk given by 
Professor Jan Bengtsson, SLU, short reflections from participating scientists and a panel debate 
where you are encouraged to take an active part. 
 
The programme suggests that we will have a very interesting and fruitful congress. Take the 
opportunity to follow the excursions to Uppsala City or Linnaeus’ Hammarby, go for a walk and listen 
to the plans for the Green Ultuna campus or visit SLU's new Livestock Research Centre at Lövsta. 
Finally, of course, welcome to the congress dinner in the Hall of State in 16th-century Uppsala Castle. 
 
On behalf of the Organizing and Scientific Committees I wish you all a stimulating Congress and a 
pleasant stay in Uppsala! 
 
Paula Persson 
Vice president of NJF 
Chair of the Organizing Committee 
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General information 
 
Conference venue 
Ultuna campus of the Swedish University of Agricultural Sciences is located approximately 5 km 
south of Uppsala city centre. Both conferences will take place in the Assembly Hall 
(‘Undervisningshuset’, address Undervisningsplan 8, main entrance from west on upper floor at 
150 m from bus stop ‘Centrala Ultuna’ on Ulls väg). 
 
Official language 
Official language of the conferences is English. 
 
Registration and information desk 
The registration and information desk is in the upper foyer of the Assembly Hall. Opening hours: 

Tuesday June 14 8.00–10.00 and 12.00–13.30 
Wednesday June 15 11.00–13.00 
Thursday June 15 10.00–10.30 

At other times (8.00–16.00), please dial +46-18 67 15 33 or +46-18 67 10 03 for assistance, or e-mail 
njf2011@slu.se. 
 
Name badges 
Your name badge is your admission to the venue, plenary sessions, poster displays and to the lunch 
and coffee breaks of both conferences. It should be worn at all times at the conference venue and at 
social events. 
 
Coats and luggage 
During the conferences, Rooms B and C on upper floor of the Assembly Hall can be used to store 
coats and luggage. Please note that the room will not be locked and that the organisers do not 
assume any responsibility for your stored belongings. 
 
Poster and exhibition areas 
The poster and exhibition areas are in Rooms F, G and the upper foyer of the Assembly Hall. We 
encourage you to visit the exhibitions. Exhibitors and poster presenters should dismount their 
material before 13.00 on Thursday June 16. 
 
Internet access 
Wireless internet access is available at the venue. You can ask for login details at the secretariat. 
 
Receipt of payment and certificate of attendance 
A receipt of payment and a certificate of attendance can be requested at the information desk. 
 
Coffee breaks 
Coffee and refreshments will be served in the foyer on upper and lower floors of the Assembly Hall, 
according to the programme. You use your name badge as a ticket. 
 
Lunches 
Lunches will be served at Ultuna Restaurant and in the adjacent Student Union building (‘Kåren’), at 
50–75 m south of the Assembly Hall, down the grades. You will need a lunch ticket. 
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Barbeque and pub at Ultuna Restaurant, Tuesday June 14, 18.30–20.30 
The Barbeque will be at Ultuna Restaurant. Beverages are included in the meal, but you can buy 
extra beer and drinks in the bar. At 20.30, buses depart from Ultuna campus to central Uppsala and 
Hotel Sunnersta Herrgård. The barbeque is included in the NJF congress fee, but please note that 
pre-registration is required! 
 
Excursions, Wednesday June 15 
Tours for SLU-Lövsta and Linnaeus’ Hammarby leave at 8.30 (sharp) from S:t Eriks torg (the triangular 
parking just north to the Cathedral). The Uppsala City tour starts at 9.00 (sharp) from in front of the 
main entrance of the Cathedral. The Green Ultuna campus walking tour starts at 9.30 (sharp) at the 
main entrance of the Assembly Hall at Ultuna campus (no special transport arranged). All buses 
return to Ultuna campus around 12.00. Please note that pre-registration and payment are required 
for all tours! 
 
Congress dinner at Uppsala Castle, Wednesday June 15, 19.30– 
The Congress Dinner will be held at Uppsala Castle, which dates back to the 16th century and has 
been the site of numerous historical and sometimes bloody events. The dinner will be a three-course 
gourmet meal in the magnificent Hall of State, where Queen Kristina of Sweden abdicated her throne 
about 360 years ago, in June of 1654. Please note that pre-registration and payment are required! A 
bus to the castle departs from Hotel Sunnersta Herrgård at 19.00. There is a separate dinner at 
Ultuna Restaurant for those only registered at the Nordic Feed Science Conference. 
 
Currency and money exchange 
Swedish Krona (SEK) is the official currency in Sweden and 100 SEK ≈ 11 EUR.  Exchange offices and 
cash dispensers can be found at Stockholm Arlanda International Airport and in central Uppsala (for 
instance, Forex at Fyristorg 8). Major international credit cards are accepted in most hotels, shops 
and restaurants, including Ultuna Restaurant. 
 
Shopping in Uppsala 
Most stores in Uppsala are open 10.00–19.00 on weekdays and 10.00–17.00 on Saturdays. Some 
stores are open on Sundays as well. Grocery stores usually have longer opening hours. 
 
Tipping 
Service is included in restaurant bills. However, tips are given to show appreciation of a good meal or 
special service. 
 
Transports from and to Uppsala city centre and Stockholm Arlanda International Airport 
Taxi: 
You can pre-book a taxi at Taxi Kurir +46-18 12 34 56, www.taxikurir.se or at Uppsala Taxi +46-18 10 
00 00, www.uppsalataxi.se. The price from Uppsala city centre to Ultuna campus is about 150 SEK 
(16 EUR), and to Stockholm Arlanda International Airport about 450 SEK (50 EUR). All taxis accept 
credit cards. 
 
City bus: 
You can easily get from central Uppsala to Ultuna campus and back by city bus number 12, 20 or 110. 
The bus stop at Ultuna campus is ‘Centrala Ultuna’, about 150 m from the Assembly Hall. Buses run 
daily from early mornings to around 01.00, and a single ticket costs 30 SEK. You can pay with credit 
card on the bus, or buy the fare from a ticket machine at Uppsala Central Station or the main square 
(‘Stora Torget’). You can buy a discount card at ‘Pressbyrån’ (at Uppsala Central Station) or at 
‘Upplysningen’ (on Vaksalagatan). A reduced fare can also be bought by sending an SMS from a 
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Swedish mobile phone (not available from foreign phones). More information can be found at 
www.ul.se. 
 
Airport bus: 
Airport coach 801 runs between Uppsala Central Station and Stockholm Arlanda International Airport 
1–2 times/hour around the clock. The journey takes about 45 minutes and costs 100 SEK (11 EUR). 
You can buy your airport bus ticket by credit card through a ticket machine in Terminal 2, 4 or 5 at 
the airport or at Uppsala Central Station. More information can be found at www.arlanda.se. 
 
Airport train: 
Trains leave Uppsala Central Station for Stockholm Arlanda International Airport 1–3 times/hour 
from 5.00 until 23.00. The journey takes 15–20 minutes and costs 95–140 SEK (10–14 EUR) if 
purchased in advance at Uppsala Central Station. For more information regarding time schedules, call 
+46-771 14 14 14 or visit www.arlanda.se. If you need help to get to another airport, please ask at 
the Registration and information desk. 
 
Emergency calls 
You dial 112 to call for an ambulance, the police or the fire brigade. The number can be used all 24 
hours from wherever you are, from a fixed or mobile telephone. 
 
International calls 
Dial 00 + country code + area code (omitting the initial 0) + phone number. 
 
Pharmacy and medical services 
There are several pharmacies in central Uppsala. Look for the green and white sign ‘Apotek’. Uppsala 
University Hospital (‘Akademiska sjukhuset’) is located just south of the city centre; Tel. 
+46-18 611 00 00. The emergency room is called ‘Akutmottagning’. 
 
Smoking 
Smoking is not allowed in the conference venue, or in any other public indoor establishment such as 
restaurants or bars. 
 
Organization support 
Academic conferences – SLU and Uppsala University in cooperation 
www.slu.se/akademikonferens 
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Programme of the 24th NJF Congress 
 

 Tuesday June 14 Wednesday June 15 Thursday June 16 
Morning Registration Excursions Parallel plenary sessions 

Before lunch Opening ceremony Excursions Workshop 
Summary and closure 

Lunch    

Afternoon Parallel plenary sessions 
Poster display 
Workshop 
NJF members meeting 

Parallel plenary sessions 
Poster display 

 

Evening Barbeque and pub Congress dinner  

 
 

Tuesday June 14, 2011 

8.00–10.00 Registration 

10.00–12.00 Opening ceremony (Main Auditorium) 

 Welcome address: Paula Persson, Organizing Committee; Oiva Niemeläinen, President of NJF 

 Lisa Sennerby Forsse, Vice-Chancellor of SLU “SLU – a university of the times” 

 Keynote lecture: Harry Linnér “Agricultural land needs protection” 

 Keynote lecture: Johan Kuylenstierna: “Food for 9 billion? Of course it is possible!” 

 Music 

12.00–13.30 Lunch (Ultuna Restaurant) 

12.30–13.30 Registration 

13.30–16.30 Parallel plenary sessions 

 Biofuel and biomass 
(Room O) 

Animal welfare and 
protection 
(Room K) 

Integrated pest and weed 
management, IPM 
(Room L) 

 Chair: Ole Green Chair: Jan Hultgren Chair: Björn Andersson 

13.30–14.00 Keynote: Serina Ahlgren 
”Modelling land use changes 
from an increased demand of 
food, feed and fuel – a critical 
review” 

Keynote: Jarkko K. Niemi ”The 
timing and treatment of 
tailbiting in fattening pigs” 

Keynote: Bernd Hommel “The 
German national action plan 
for sustainable use of plant 
protection products – latest 
revision and future activities” 

14.00–14.15 Žydrė Kadžiulienė ”Biomass of 
traditional and alternative 
crops for combustion” 

Inger Hansen ”Lying behaviour 
and cleanliness of sheep and 
cattle on a woodchip-based 
deep litter” 

Kari Tiilikkala ”Comparison of 
national action plans and 
implementation of IPM 
principles in the Nordic-Baltic 
countries” 

14.15–14.30 Susanne Eich-Greatorex 
”Influence of climate change 
on growth and carbon 
sequestration potential of 
different plant systems for 
energy use” 

Indra Eihvalde ”Influence of 
dry period length on amount 
of immunoglobulins in 
colostrum from dairy cows” 

Sanni Junnila ”Implementing 
IPM in cereal production in the 
Northern zone” 
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14.30–14.45 Sven Bernesson 
”Environmental impact of 
Swedish fuel ethanol – 
distiller’s spent grains to dairy 
cows, horses, pigs or poultry?” 

Girma Gebresenbet ”Effect of 
transport time up to 12 hours 
on pigs’ welfare” 

Päivi Parikka ”Fusarium 
infection and mycotoxins on 
cereals in reduced tillage” 

14.45–15.00 Sandija Rivža ”Risk assessment 
in biogas production” 

Jarkko K. Niemi ”Factors 
contributing to sow 
replacement and the value of 
prolonged productive life” 

Inara Turka ”Importance of 
potato variety choice in 
integrated pest management” 

15.00–15.30 Coffee 
15.30–15.45 Roar Linjordet ”Biogas 

potential of deep litter bedding 
materials” 

Gösta Gustafsson ”Reducing 
airborne dust concentrations 
in a floor housing system for 
laying hens” 

Lars Andersson ”Variation in 
sprouting capacity in perennial 
weeds might affect the efficacy 
of mechanical weeding” 

15.45–16.00 Annukka Pakarinen ”Ensiling as 
a method to preserve energy 
crops and to enhance energy 
yields” 

Jarkko K. Niemi ”Do biosecurity 
and management affect 
returns from pig fattening?” 

Anneli Lundkvist ”The effects 
of crop rotation and short 
fallow on the abundance of 
perennial sow-thistle (Sonchus 
arvensis L.)” 

16.00–16.15 Mahmoud Seleiman ”Growth 
and biomass quality of 
bioenergy crops grown with 
sewage sludge” 

Jarkko K. Niemi ”Costs of 
compliance to alternative 
housing standards in the 
Finnish pig sector” 

Jim Nygren ”Tolerance against 
wheat dwarf virus in wild 
relatives of wheat” 

16.15–16.30 Børge Holen ”Contaminants in 
digestate from household 
waste in Norway” 

Elin Röös ”The trade-off 
between animal welfare and 
lowered emissions of 
greenhouse gases from pork 
production” 

Ricardo Holgado ”Current 
management of potato cyst 
nematodes (PCN) Globodera 
spp. in Norway” 

16.30–18.00 Poster display 

16.45–18.15 Workshop: Integrated Pest and Weed Management, IPM (Room L) 

17.00–18.00 NJF members meeting (Room O) 

18.30–20.30 Barbeque and pub (University restaurant) 

 

Wednesday June 15, 2011 

8.00–12.00 Excursions 

11.00–13.00 Registration 

12.00–13.30 Lunch (Ultuna Restaurant) 

13.00–17.00 Nordic Feed Science Conference (Room L) 

13.30–16.30 Parallel plenary sessions 

 Plant production 
(Room K) 

Sustainable soil 
management 
(Room O) 

Agricultural landscapes 
(Room J) 

 Chair: Johannes Ravn 
Jørgensen 

Chair: Hugh Riley Chair: Fredrik Fogelberg 

13.30–14.00 Keynote: Èva Vincze 
“Implementation of 
biochemical screening to 
improve baking quality of 
barley” 

Keynote: Lars Bakken ”Soil 
management and GHG 
emissions” 

Keynote: Anders Wästfelt 
“Production from agriculture 
and re-production of 
agricultural landscapes” 
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14.00–14.15 Reine Koppel ”Stability of yield 
and quality parameters of 
winter wheat in Estonia” 

Tommy Dalgaard ”Scenarios 
for the reduction of 
greenhouse gas emissions and 
net energy use in Danish 
agricultural landscapes” 

Kristīne Dreija ”The assessment 
of the historic park landscapes 
transformation in impact of 
site structure” 

14.15–14.30 Clara Lizarazo ”Lentil – a new 
crop for Finland” 

Örjan Berglund ”Effect of 
water table level on 
greenhouse gas emissions 
from two cultivated peat soils 
in Sweden” 

Daiga Zigmunde ”The factors 
of rural landscape pattern 
changes in Latvia from ancient 
till present” 

14.30–14.45 Abrar Hussain ”Food quality of 
organically produced primitive 
wheat” 

Kristiina Regina ”Effect of 
persistent subsoil compaction 
on N2O emissions from arable 
soils” 

Svein Olav Krøgli ”Fewer 
farmers, but larger farm units – 
what are the implications for 
the agricultural landscape in 
Norway?” 

14.45–15.00  Åsa Kasimir Klemedtsson: 
“Organically grown field beans 
– low nitrous oxide emission 
and high N-efficiency” 

Eirik Romstad ”The question is 
not what to conserve but how 
to conserve” 

15.00–15.30 Coffee 
15.30–15.45 Gitana Stukeniene ”The 

breeding and protection of 
herbaceous ornamental plants 
in Lithuania” 

Jaana Uusi-Kämppä ”Tools for 
environmental risk mitigation 
of acid sulphate soils” 

 

15.45–16.00 Wendy M. Waalen ”The winter 
hardiness puzzle: Is there a 
connection between the 
vernalization requirement and 
frost tolerance of winter 
rapeseed cultivars?” 

Vicent Gasso-Tortajada 
”Environmental impacts of 
different agricultural in-field 
traffic and tillage practices” 

 

16.00–16.15 Hamid Khazaei ”Variation in 
leaf morpho-physiological 
traits in a world collection of 
faba bean germplasm” 

Sofia Delin ”Effect of nitrogen 
fertilisation on nitrate leaching 
in relation to grain yield 
response of spring oat” 

 

16.15–16.30 Stina Edelfeldt ”Effects of clone 
and cutting traits on shoot 
emergence and early growth of 
willow” 

Tor Kihlberg “Charvester 
development for a sustainable 
biomass production” 

 

16.30–18.00 Poster display 

19.30– Congress dinner (Uppsala Castle) 
Announcement of the Swedish Grassland Competition 2011 award (Swedish Dairy 
Association and the agricultural magazine Husdjur in collaboration with Swedish 
Grassland Society and SLU) 
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Thursday June 16, 2011 
8.00–12.00 Nordic Feed Science Conference (Room L) 

8.30–10.00 Parallel plenary sessions 

 Plant production 
(Room K) 

Sustainable soil 
management 
(Room O) 

Economics and 
management 
(Room J) 

 Chair: Paula Persson Chair: Sofia Delin Chair: Bo Öhlmér 

8.30–9.00 Keynote: Martin Weih 
”Nitrogen use efficiency in 
relation to food quality in 
winter wheat: implications for 
sustainable agriculture” 

Keynote: Holger Kirchmann 
”Soil fertility development in 
Swedish long-term field 
experiments” 

Keynote: Timo Sipiläinen 
”Productivity change in piglet 
production – an application on 
Finnish ProAgria pig accounting 
farms for 2003–2008” 

9.00–9.15 Zinta Gaile ”Important factors 
influencing winter oil-seed 
rape seed yield” 

Gunnar Börjesson “Microbial 
changes in top- and subsoil in 
the Ultuna long-term soil 
organic matter experiment 
revealed by phospholipid fatty 
acid analysis” 

Verena Otter ”Hedonic price 
analysis of boarding horse 
stables: Evidence from 
northern Germany” 

9.15–9.30 Aivars Jermuss ”The optimal 
nitrogen fertilizer rate for 
spring wheat” 

Thomas Kätterer ”Roots 
contribute relatively more than 
above-ground crop residues to 
refractory soil organic matter” 

Fred H. Johnsen ”Development 
through on-farm research? An 
assessment based on response 
from Tanzanian farmers” 

9.30–9.45 Enar Magnusson “Findus way 
of ‘low input agriculture’” 

Veera Kainiemi ”Short-term 
effects of tillage practices on 
soil respiration in a clay soil in 
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willingness versus behaviour 
and actions of dairy producers 
to participate in cooperative 
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9.45–10.00  Lars Munkholm ”Long-term 
effects of rotation and tillage 
on soil quality” 

Odd-Jarle Øvreås “Evaluating 
grassland feed resource 
utilization by extensive beef 
farming” 

10.00–10.30 Coffee 

10.30–12.00 Workshop: Future Agriculture – Future Scenarios (Main Auditorium) 

12.00–12.30 Summary and closure (Main Auditorium) 

12.30–14.00 Lunch (Ultuna Restaurant) 
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Workshops 
 

Integrated Pest and Weed Management, IPM 
National action plan (NAP) – novel approach and specific implementation of IPM in the northern 
production areas 
 

Tuesday June 14, 2011, 16.45–18.15 in Room L, Assembly Hall 
 
The main objective of the workshop is to discuss the establishment of a permanent IPM group for the 
Nordic-Baltic countries and initiate collaboration among those who will implement national action 
plans (NAP/IPM) in practice. 
 
Dr. Kari Tiilikkala “Role of the NJF to support the NAP development and IPM implementation in the 
Nordic-Baltic countries” 
Dr. Irene Vänninen “IPM implementation as a mutual learning process” 
Dr. Sirpa Kurppa “Environmental impact assessment of pesticides by LCA approach” 
 
Contact: Kari Tiilikkala; kari.tiilikkala@mtt.fi 
 
 

Future Agriculture – Future Scenarios 
Future agriculture in the Nordic-Baltic region – opportunities and threats 
 

Thursday June 16, 10.30–12.00 in Main Auditorium, Assembly Hall 
 
Feeding a growing world population in a changing climate requires research that focuses on whole 
food production systems and stretches across disciplines within the agricultural, natural and social 
sciences, and the humanities. Land, crops and livestock are the basis of food production in all 
agricultural systems. The future is inherently unpredictable, but creating different scenarios can 
prepare us for future challenges. The aim of this session is to explore and discuss opportunities and 
threats for future agriculture in the Nordic-Baltic region.  
  
Programme: 
10.30 Welcome address: Annika Åhnberg, facilitator 
10.35–10.55 Key-note presentation: Professor Jan Bengtsson, SLU “Challenges for future agriculture 

and land use” 
10.55–11.10 Three short reflections on important aspects of future food and farming systems.  
11.10–11.50 Discussion on how to further develop and implement sustainable food production.  
11.50–12.00 Summary and conclusion 
 
Scientists from different disciplines will give their perspectives as a starting point for the discussion. 
 
Contact: Ingrid Öborn; ingrid oborn@slu.se 
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Keynote papers and abstracts 
 

Opening ceremony 
Main Auditorium, Tuesday June 14, 10.00–12.00  Page 

Agricultural land needs protection 
Harry Linnér and Ingmar Messing  29 

Food for 9 billion? Of course it is possible! 
Johan Kuylenstierna  35 
 

Plenary session: Biofuel and biomass 
Room O, Tuesday June 14, 13.30–16.30 No. Page 

Modelling land use changes from an increased demand of food, feed and fuel – a 
critical review 
Serina Ahlgren, Elinor Hallström and Pål Börjesson  36 

Biomass of traditional and alternative crops for combustion 
Žydrė Kadžiulienė, Lina Šarūnaitė, Aldona Kryževičienė, Vita Tilvikienė, Jonas Šlepetys 
and Zenonas Dabkevičius A85 42 

Influence of climate change on growth and carbon sequestration potential of 
different plant systems for energy use 
Susanne Eich-Greatorex, Lars E. Haugen and Trine A. Sogn A90 43 

Environmental impact of Swedish fuel ethanol – distiller’s spent grains to dairy 
cows, horses, pigs or poultry? 
Sven Bernesson and Ingrid Strid A113 44 

Risk assessment in biogas production 
Sandija Rivža, Peteris Rivža and Irina Pilvere A187 45 

Biogas potential of deep litter bedding materials 
Roar Linjordet, Roald Aasen and Christian Uhlig A49 46 

Ensiling as a method to preserve energy crops and to enhance energy yields 
Annukka Pakarinen, Fred Stoddard, Seija Jaakkola, Maritta Kymäläinen, Pekka 
Maijala and Liisa Viikari A92 47 

Growth and biomass quality of bioenergy crops grown with sewage sludge 
Mahmoud Seleiman, Pirjo Mäkelä, Arja Santanen and Frederick Stoddard A91 48 

Contaminants in digestate from household waste in Norway 
Espen Govasmark, Jessica Stäb, Børge Holen, Douwe Hoornstra and Mirja Salkinoja-
Salonen A89 49 
 

Plenary session: Animal welfare and protection 
Room K, Tuesday June 14, 13.30–16.30 No. Page 

The timing and treatment of tailbiting in fattening pigs 
Jarkko K. Niemi, Alina Sinisalo, Anna Valros and Mari Heinonen  50 

Lying behaviour and cleanliness of sheep and cattle on a woodchip-based deep litter 
Inger Hansen, Christian Uhlig and Odd-Arild Finnes B53 56 

Influence of dry period length on amount of immunoglobulins in colostrum from 
dairy cows 
Indra Eihvalde and Daina Kairiša B51 57 
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Effect of transport time up to 12 hours on pigs’ welfare 
Girma Gebresenbet, Samuel Aradom, Fufa Sorri and Musa Adam B46 58 

Factors contributing to sow replacement and the value of prolonged productive life 
Jarkko K. Niemi, Marja-Liisa Sevón-Aimonen, Kirsi Partanen and Kyösti Pietola B41 59 

Reducing airborne dust concentrations in a floor housing system for laying hens 
Gösta Gustafsson and Eva von Wachenfelt B39 60 

Do biosecurity and management affect returns from pig fattening? 
Jarkko K. Niemi and Kirsi Partanen B42 61 

Costs of compliance to alternative housing standards in the Finnish pig sector 
Jarkko K. Niemi and Timo Karhula B40 62 

The trade-off between animal welfare and lowered emissions of greenhouse gases 
from pork production 
Elin Röös B52 63 
 

Plenary session: Integrated pest and weed management, IPM 
Room L, Tuesday June 14, 13.30–16.30 No. Page 

The German national action plan for sustainable use of plant protection products – 
latest revision and future activities 
Bernd Hommel, Bernd Freier and Jörn Strassemeyer  64 

Comparison of national action plans and implementation of IPM principles in the 
Nordic-Baltic countries 
Kari Tiilikkala, Pauliina Laitinen, Irmeli Markkula and Sanni Junnila F161 71 

Implementing IPM in cereal production in the Northern zone 
Sanni Junnila and Pauliina Laitinen F160 72 

Fusarium infection and mycotoxins on cereals in reduced tillage 
Päivi Parikka, Sari Rämö, Veli Hietaniemi, Laura Alakukku, Hannu Känkänen and Yrjö 
Salo F158 73 

Importance of potato variety choice in integrated pest management 
Inara Turka and Gunita Bimsteine F19 74 

Variation in sprouting capacity in perennial weeds might affect the efficacy of 
mechanical weeding 
Lars Andersson, Ullalena Boström, Inger Hakman, Josefine Liew and Ewa Magnuski F15 75 

The effects of crop rotation and short fallow on the abundance of perennial sow-
thistle (Sonchus arvensis L.) 
Anneli Lundkvist, Håkan Fogelfors, Lars Ericson and Theo Verwijst F122 76 

Tolerance against wheat dwarf virus in wild relatives of wheat 
Jim Nygren, Nadeem Shad, Anders Kvarnheden and Anna Westerbergh F143 77 

Current management of potato cyst nematodes (PCN) Globodera spp. In Norway 
Ricardo Holgado and Christer Magnusson F21 78 
 

Plenary sessions: Plant production 
Room K, Wednesday June 15, 13.30–16.30 No. Page 

Implementation of biochemical screening to improve baking quality of barley 
Èva Vincze, Giuseppe Dionisio, Per Aaslo, Ane L.-L. Nielsen and Steve Bowra  79 
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Stability of yield and quality parameters of winter wheat in Estonia 
Reine Koppel and Anne Ingver C149 86 

Lentil – a new crop for Finland 
Clara Lizarazo and Frederick Stoddard C34 87 

Food quality of organically produced primitive wheat 
Abrar Hussain, Ali Hafeez Malik and Eva Johansson C66 88 

The breeding and protection of herbaceous ornamental plants in Lithuania 
Gitana Štukėnienė, Regina Juodkaite and Audrius Skridaila C175 89 

The winter hardiness puzzle: Is there a connection between the vernalization 
requirement and frost tolerance of winter rapeseed cultivars? 
Wendy M. Waalen, Jorunn E. Olsen, Ragnar Eltun and Odd Arne Rognli C181 90 

Variation in leaf morpho-physiological traits in a world collection of faba bean 
germplasm 
Hamid Khazaei, Arja Santanen, Fred Stoddard and Ken Street C136 91 

Effects of clone and cutting traits on shoot emergence and early growth of willow 
Stina Edelfeldt, T. Verwijst, A. Lundkvist, J. Forkman and N. E Nordh C174 92 

Room K, Thursday June 16, 8.30–10.00 No. Page 

Nitrogen use efficiency in relation to food quality in winter wheat: implications for 
sustainable agriculture 
Martin Weih, Annica Andersson and Per Åman  115 

Important factors influencing winter oil-seed rape seed yield 
Oskars Balodis and Zinta Gaile C132 122 

The optimal nitrogen fertilizer rate for spring wheat 
Aivars Jermuss, Janis Vigovskis and Aldis Jansons C118 123 

Findus way of ‘low input agriculture’ 
Enar Magnusson C201 124 
 

Plenary sessions: Sustainable soil management 
Room O, Wednesday June 15, 13.30–16.30 No. Page 

Soil management and GHG emissions 
Lars Bakken  93 

Scenarios for the reduction of greenhouse gas emissions and net energy use in 
Danish agricultural landscapes 
Tommy Dalgaard, Jørgen E. Olesen, Søren O. Petersen, Bjørn M. Petersen, Uffe 
Jørgensen, Troels Kristensen, Nick Hutchings and John E. Hermansen E178 99 

Effect of water table level on greenhouse gas emissions from two cultivated peat 
soils in Sweden 
Örjan Berglund and Kerstin Berglund E184 100 

Effect of persistent subsoil compaction on N2O emissions from arable soils 
Kristiina Regina, Asko Simojoki, Laura Alakukku, Thomas Keller, Hanna Silvennoinen 
and Peter Dörsch E164 101 

Organically grown field beans – low nitrous oxide emission and high N-efficiency 
Åsa Kasimir Klemedtsson and Maria Stenberg E183 102 

Tools for environmental risk mitigation of acid sulphate soils 
Jaana Uusi-Kämppä, Eila Turtola, Kristiina Regina, Kari Ylivainio, Peter Österholm, 
Markku Yli-Halla, Seija Virtanen and Eeva Nuotio E141 103 
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Environmental impacts of different agricultural in-field traffic and tillage practices 
Vicent Gasso-Tortajada, Claus G. Sørensen, Frank W. Oudshoorn and Dionisis Bochtis E179 104 

Effect of nitrogen fertilisation on nitrate leaching in relation to grain yield response 
of spring oat 
Sofia Delin and Maria Stenberg E26 105 

Charvester development for a sustainable biomass production 
Lars Hylander, Tor Kihlberg, Folke Günther, Kurt Hansson, Roland Davidsson, Erik 
Öqvist and Thomas Öqvist E202 106 
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Soil fertility development in Swedish long-term field experiments 
Holger Kirchmann, Thomas Kätterer, Gunnar Börjesson, Karin Hamnér and Lisa Ehde  125 

Microbial changes in top- and subsoil in the Ultuna long-term soil organic matter 
experiment revealed by phospholipid fatty acid analysis 
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Roots contribute relatively more than above-ground crop residues to refractory soil 
organic matter 
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AGRICULTURAL LAND NEEDS PROTECTION 
 

Harry Linnér and Ingmar Messing, Department of Soil and Environment, Swedish University of 
Agricultural Sciences, P.O. Box 7014, SE-75007 Uppsala, Sweden; *harry.linner@slu.se 

 

Abstract 
Since 1960 the amount of arable land per capita in the world has decreased from 0.41 to 0.21 
hectare. During recent decades, there has also been a significant increase in the impact of soil 
degradation. It is estimated that 5–10 million hectares of agricultural land are abandoned every year 
as a result of soil degradation and the construction of buildings and infrastructure. The Nordic and 
Baltic countries have on average more arable land per capita and larger water resources than many 
other areas of the world. Land and water resources are expected to become gradually more critical, 
and Northern European arable land is likely to increase in importance in contributing to our basic 
food and bioenergy demands. It is important that these land resources are protected for future 
generations. Therefore, soil degradation and exploitation of arable land needs more attention from 
individuals, society and governments. 
 
Keywords: arable land, soil protection, soil degradation, climate change 
 

1. Introduction 
The challenges for agriculture in the 21st century are to produce more food and fibre to feed a 
growing population, provide more material for the growing bioenergy market, adopt more efficient 
and sustainable production methods and adapt to climate change. 
 
Production in the developing countries, where most of the global population growth is taking place, 
will need to almost double. Ninety percent of the growth in crop production globally is expected to 
come from higher yields and increased cropping intensity, with the remainder coming from 
expansion in acreage (FAO, 2009). 
 
By 2050, the acreage of arable land is expected to expand by about 120 million ha (or 12%) in 
developing countries, while that in developed countries is expected to decline by 50 million ha (8%). 
It is estimated that 5–10 million hectares of agricultural land are abandoned every year as a result of 
soil degradation and the construction of buildings and infrastructure (FAO, 2009). 
 
During the last 200 years some 80% of the forests originally covering the Earth have been cleared, 
fragmented or degenerated. Half the world’s original tropical forests have been cleared or 
degenerated. About 8 million hectares of forest land are converted to agriculture every year. 
 
Previously, many believed that future conflicts would be about non-renewable resources such as oil 
and natural gas. A more likely scenario is that renewable resources – soil, forest, water and fisheries 
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– will be the subject of future conflicts. Rapid and extensive deforestation and overexploitation and 
pollution of soil and water will lead to a decline in resources. Rapid population growth, primarily in 
Asia and Africa, will cause the resources available per person to decrease even further (Swedish Civil 
Contingencies Agency, 2011). 
 

2. Arable land 
Since 1960 the amount of arable land per capita has decreased from 0.41 to 0.21 hectare (Figure 1). 
The accompanying rapid population growth, primarily in Asia and Africa, is causing the land resources 
available per person to decrease further (FAO, 2009). 
 

 
Figure 1. World population growth (billions) and arable land availability (hectares per capita) since 
1960 (NationMaster, 2011). 
 
Some experts claim that there is plenty of land available for conversion to agriculture in Africa and 
Latin America. Others believe that the potential for expansion of arable land is limited and that most 
of the land that could be used for crop production suffers from chemical or physical limitations or a 
lack of infrastructure. Large investments are required to overcome those limitations. Furthermore, 
some of the land is protected, afforested or the site of urban settlements. The pressure on the 
remaining land will increase as a result of the growing number of animals in agriculture and the 
growing need for land for bioenergy plant production (OECD-FAO, 2009). The overall yield of field 
crops in the world may be reduced as a result of climate change and rising oil prices (leading to more 
expensive inputs) (Olsson, 2010). As a result of all aspects outlined above, the pressure to increase 
exploitation of the world’s rainforests and other areas that are important for biodiversity and climate 
balance is growing strongly. 
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Ecological Footprint is a term indicating the area used to support a population’s consumption, 
including the area needed to produce the materials consumed and to absorb the waste. The average 
European resident has an Ecological Footprint of 4.2 global hectares, while the total biocapacity in 
Europe is 2.8 global hectares per capita, meaning a deficit of 50% (European Environment Agency, 
2010). 
 
The Ecological Footprint for Europe has been increasing almost constantly since 1961, while the 
biocapacity has decreased. This is resulting in an ever increasing deficit, with negative consequences 
for the environment within and outside Europe. 
 

3. Soil degradation 
During recent decades, there has been a significant increase in the impact of soil degradation, and 
there is evidence that this will increase further if no action is taken. FAO reports that 20% of arable 
land, 30% of forests and 10% of pasture in the world have already been degraded. Soil degradation 
has a direct impact on biodiversity, water and air quality and climate change. It is estimated that it 
takes 200 to 1000 years to form 2.5 cm of new topsoil. Thus soil degradation needs more attention 
from individuals, society and governments.  
 
According to the EU Thematic Strategy for Soil Protection, the main degradation processes to which 
European soils are subject are erosion, decline in organic matter, compaction, contamination, 
salinisation, decline in biodiversity, paving/sealing, floods and landslides. The impacts of this include 
loss of soil fertility, carbon and biodiversity, lower water retention capacity, disruption of gas and 
nutrient cycles and reduced degradation of contaminants (EU Commission, 2006). An estimated 115 
million hectares, or 12% of Europe’s total land area, are subject to water erosion, and 42 million 
hectares are affected by wind erosion.  
 
Around 45% of European soils have low or very low organic matter content (0–2% organic carbon). 
This problem is particularly prevalent in countries in southern Europe. Soil organic matter plays a 
major role in the carbon cycle of the soil. The degradation of soils reduces the possibilities to mitigate 
the effects of climate change, since reduced contents of biomass and organic matter in soil mean 
increased losses of carbon dioxide to the atmosphere. Some studies classify around one-third of 
European subsoils as having high or very high susceptibility to compaction, with half this area 
moderately affected by heavy traffic. 
 
After more than 200 years of industrialisation, Europe also has a problem of soil contamination due 
to the use and presence of dangerous substances in many production processes. It has been 
estimated that more than 0.5 million sites are contaminated and in need of remediation.  
 
The area of the land surface covered with an impermeable material is around 9% of the total area in 
EU member states. The paved/sealed area is increasing onto prime agricultural land, due to urban 
and industrial sprawl and the expansion of transport infrastructure. Every day, 1000 hectares of 
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– will be the subject of future conflicts. Rapid and extensive deforestation and overexploitation and 
pollution of soil and water will lead to a decline in resources. Rapid population growth, primarily in 
Asia and Africa, will cause the resources available per person to decrease even further (Swedish Civil 
Contingencies Agency, 2011). 
 

2. Arable land 
Since 1960 the amount of arable land per capita has decreased from 0.41 to 0.21 hectare (Figure 1). 
The accompanying rapid population growth, primarily in Asia and Africa, is causing the land resources 
available per person to decrease further (FAO, 2009). 
 

 
Figure 1. World population growth (billions) and arable land availability (hectares per capita) since 
1960 (NationMaster, 2011). 
 
Some experts claim that there is plenty of land available for conversion to agriculture in Africa and 
Latin America. Others believe that the potential for expansion of arable land is limited and that most 
of the land that could be used for crop production suffers from chemical or physical limitations or a 
lack of infrastructure. Large investments are required to overcome those limitations. Furthermore, 
some of the land is protected, afforested or the site of urban settlements. The pressure on the 
remaining land will increase as a result of the growing number of animals in agriculture and the 
growing need for land for bioenergy plant production (OECD-FAO, 2009). The overall yield of field 
crops in the world may be reduced as a result of climate change and rising oil prices (leading to more 
expensive inputs) (Olsson, 2010). As a result of all aspects outlined above, the pressure to increase 
exploitation of the world’s rainforests and other areas that are important for biodiversity and climate 
balance is growing strongly. 
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agricultural land are lost to buildings and infrastructure in Europe. This means a permanent loss of 
arable land. At the same time, Europe is becoming increasingly dependent on agricultural land in 
other parts of the world to meet the food demands of its citizens. 
 

4. Climate change 
According to many researchers, floods, heat waves, droughts and hurricanes will become worse and 
more frequent as a result of climate change. These are changes that could ultimately create great 
strains in Europe, just as in the rest of the world (Swedish Civil Contingencies Agency, 2011). 
 
According to many future scenarios for Europe, the temperature in coming centuries is expected to 
increase by 2.0–6.3 ºC. Rising temperatures will increase water demand in agriculture. Southern 
Europe will receive less rain, and drought will cause serious problems for agriculture. The scenarios 
indicate that Central and Northern Europe will receive more rain on a yearly basis (Swedish Civil 
Contingencies Agency, 2011). 
 
A growing need for productive agricultural land may in future lead to serious conflicts. Since water 
and land are likely to become more important, Northern European land resources will probably 
increase in importance. 
 
The duration of the growing season in Northern Europe is extended considerably in the future 
climate scenarios and these improved growing conditions may present opportunities for increased 
yields. For example, crop yields in Central Sweden may increase by about 20% and in Northern 
Sweden by more than 50%. Autumn-sowing of crops can increase and new crops can be introduced. 
The conditions for livestock will also be improved owing to the longer grazing season and increased 
forage yields (Government Offices of Sweden, 2007). 
 
Problems with pests such as insects, fungi and viruses will increase in a warmer climate. The weed 
flora is expected to include more species. Furthermore, the predicted precipitation increase in winter 
and decrease in summer will place new demands on drainage and irrigation, in order to control water 
use efficiency and leaching of nutrients and pesticides. 
 

5. The situation in NJF countries 
The Nordic and Baltic countries have on average more arable land per capita and larger water 
resources than many other areas of the world. In fact, all Nordic and Baltic countries except Norway 
and Iceland have more arable land per capita than the world average. However, the area of arable 
land, for example in Sweden, is still not sufficiently large to feed the population. Each Swedish citizen 
requires 0.41 hectare with the current standard of living (Johansson, 2005), whereas only 0.30 
hectare is available (2.7 million hectares, 9 million people). Since water and land are likely to become 
hard currency, land resources in Northern European may increase in importance.  
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6. What is being done to protect agricultural soils in our part of Europe from exploitation? 
There are major differences in how agricultural land is protected in different countries. A comparison 
is made below between Sweden, Denmark and Norway. 
 
Swedish law states that agricultural land should not be built on unless there is an overriding need for 
the development in terms of public benefit and no other site is suitable for the particular purpose 
(Swedish Code of Statutes, 1998). In practice, however, agricultural land is seldom protected from 
exploitation. As an example, 10% of the best soils in Southern Sweden are already built on and 
according to new plans large areas will be covered with asphalt in the coming 20–30 years. Municipal 
self-government is strong in Sweden and central government influence over land use is weak, 
resulting in priority being given to urban expansion onto agricultural land rather than protection of 
agricultural land. 
 
Agricultural land has stronger legal protection in Denmark than in Sweden, which reflects the 
importance of agriculture for the Danish economy. The country is divided into three zone types: 
urban areas, countryside and summerhouse areas. This zoning was created in order to achieve 
efficient land use and to avoid widespread, unstructured urban agglomerations (urban sprawl), as 
well as to ensure land for agriculture, nature and recreation. The Danish state has a strong influence 
over municipal planning. Government regional institutions in cooperation with the municipalities 
carry out analyses of agricultural conditions in the regional and local perspective. Identifying 
particularly valuable farming areas is intended to ensure that sufficient acreage of valuable arable 
land is protected for future generations (Samuelsson, 2009). 
 
Only 3% of Norway’s total area is land suitable for cultivation and that area has been reduced by 
infrastructure and buildings. To strengthen the protection of cultivated land, a proposal for a new soil 
protection law has been drawn up. An important starting point for this proposal was the national 
goal of a 50% reduction in the amount of valuable arable land being used for new roads and buildings 
between 2005 and 2010. This goal was however not reached.  
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agricultural land are lost to buildings and infrastructure in Europe. This means a permanent loss of 
arable land. At the same time, Europe is becoming increasingly dependent on agricultural land in 
other parts of the world to meet the food demands of its citizens. 
 

4. Climate change 
According to many researchers, floods, heat waves, droughts and hurricanes will become worse and 
more frequent as a result of climate change. These are changes that could ultimately create great 
strains in Europe, just as in the rest of the world (Swedish Civil Contingencies Agency, 2011). 
 
According to many future scenarios for Europe, the temperature in coming centuries is expected to 
increase by 2.0–6.3 ºC. Rising temperatures will increase water demand in agriculture. Southern 
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A growing need for productive agricultural land may in future lead to serious conflicts. Since water 
and land are likely to become more important, Northern European land resources will probably 
increase in importance. 
 
The duration of the growing season in Northern Europe is extended considerably in the future 
climate scenarios and these improved growing conditions may present opportunities for increased 
yields. For example, crop yields in Central Sweden may increase by about 20% and in Northern 
Sweden by more than 50%. Autumn-sowing of crops can increase and new crops can be introduced. 
The conditions for livestock will also be improved owing to the longer grazing season and increased 
forage yields (Government Offices of Sweden, 2007). 
 
Problems with pests such as insects, fungi and viruses will increase in a warmer climate. The weed 
flora is expected to include more species. Furthermore, the predicted precipitation increase in winter 
and decrease in summer will place new demands on drainage and irrigation, in order to control water 
use efficiency and leaching of nutrients and pesticides. 
 

5. The situation in NJF countries 
The Nordic and Baltic countries have on average more arable land per capita and larger water 
resources than many other areas of the world. In fact, all Nordic and Baltic countries except Norway 
and Iceland have more arable land per capita than the world average. However, the area of arable 
land, for example in Sweden, is still not sufficiently large to feed the population. Each Swedish citizen 
requires 0.41 hectare with the current standard of living (Johansson, 2005), whereas only 0.30 
hectare is available (2.7 million hectares, 9 million people). Since water and land are likely to become 
hard currency, land resources in Northern European may increase in importance.  
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FEED AND FUEL – A CRITICAL REVIEW 

 
Serina Ahlgren*, Elinor Hallström and Pål Börjesson, Environmental and Energy Systems Studies, 

Dept. of Technology and Society, Lund University, P.O. Box 118, SE-22100 Lund, Sweden; 
*serina.ahlgren@miljo.lth.se 

 

Abstract 
Land use changes (LUC) can have a large impact in the greenhouse gas accounting of food, feed and 
biofuels. For a specified commodity, the distinction between direct and indirect land use change can 
be made. Direct land use change (dLUC) is connected to the field where the activity takes place, while 
indirect land use change (iLUC) is characterized by a net increase in demand of farm land due to the 
displacement of previous land use activities. Indirect land use change is not observable and must be 
modelled. The models to quantify iLUC can be divided in economic and simplified models. There are 
many studies on LUC connected to biofuels; however the results are connected to large uncertainties 
both concerning the data input and the modelling exercise itself. More research is needed to study 
the uncertainties and to develop the models, but there is also a need to discuss and clarify the 
difference between direct and indirect land use change and the links between food, feed and biofuel 
production in general. Further, more case studies is urgently needed as input in the development of 
broader assessments including all land use change activities, and not only biofuel production. 
 
Keywords: land use change, direct, indirect, model, food, feed, biofuel 
 

1. Introduction  
On a global scale, there is a rising demand for food, feed and agricultural crops for biofuels. Recent 
projections of future land use estimate a net expansion of arable land in the magnitude of 70 Mha 
until 2050, equivalent to 4–5% of current arable land. However FAO also make projections up to 185 
Mha depending on assumptions of population growth, amount of biofuels etc. (Hallström et al., 
2011). Savings in user systems, for example minimizing food waste and increasing effectiveness in 
the energy sector could compensate for some of this increase of demand, as well as changes in 
consumption and behavioural patterns. However, a large share of the biomass demand will have to 
be supplied by increasing crop yields and expanding land for cultivation. The expansion of land can 
lead to increased greenhouse gas emissions, which in the debate lately has lead to questions on the 
climate benefit of biofuels. 
 
The purpose of this paper is to critically assess different methods for estimating land use change 
(LUC) due to increased demand of food, feed and fuel. The aim is also to give an overview of the 
greenhouse gas (GHG) emissions connected to LUC reported in literature. 
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2. Methods  
This paper is based on an extensive literature review on land use change connected to increased 
production of food, feed and biofuels. First, the methods for quantification of LUC are classified and 
described. Second, results from different studies are summarised and analysed. 
 

3. Direct and indirect land use change – an introduction to the concept 
As mentioned in the introduction, projections on land use change on a global level are made by for 
example FAO. These projections are built on modelling exercises, and give an estimate on global land 
use change. We can also assess LUC in retrospect before and after a certain period of time by for 
example looking at satellite pictures or by summarising national statistics. 
 
In the debate on land use, the terminology direct land use change (dLUC) and indirect land use 
change (iLUC) are used. This can however only be practiced when speaking of a specific activity, for 
example the increased production of x MJ biofuel or y kg of beef. The dLUC is connected to the field 
where the activity is taking place. Any changes in the carbon pool above and below ground are 
accounted for in the dLUC GHG calculations. However, if the field previously was utilised for other 
purposes, the former land use activity may have to continue elsewhere. This potential displacement 
of activities is referred to as the indirect land use change.  
 
The trading of crops, food and bioenergy is international, and an increased demand of a certain 
commodity can have several effects, as is shown in the example in Figure 1. An increase of demand 
of crop A can lead to higher prices which can reduce the demand in other sectors, for example 
reduced human intake in low income countries. A higher price could also act as an incitement for 
farmers to improve yields (intensification) or to start cultivating on previously unmanaged land. 
Increased demand of crop A could also be met by shifting production from crop B to crop A. This will 
give effects on the market for crop B, which can give effects on the market of crop C, and so on.  
 

4. Review of models to assess land use change 
Indirect land use changes are not observable, a farmer growing wheat for bioethanol in Sweden can 
not observe potential indirect effects and it can never be proven that a certain land use in, for 
example, Brazil is an indirect effect of the Swedish bioethanol farmer´s activities. The only way to 
quantify iLUC is by using models. In literature exist a great deal of publications on quantification of 
iLUC, mainly connected to biofuel production. We have distinguished two general modelling 
approaches, economic and simplified modelling, a short summary of these are presented below.  
 
4.1 Economic models 
Economic models are usually divided into general equilibrium models that study the whole economy, 
and partial equilibrium models that study specific markets or sectors such as agriculture. All 
equilibrium models are however based on the assumption that equilibrium is reached where demand 
equals supply the studied economy. The different models optimize different benefits, in a partial 
model of agriculture it could for example be the farmers' profits that are optimized. In general 
equilibrium models, it may be corporate profits that are maximized (Widell, 2009). 
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Abstract 
Land use changes (LUC) can have a large impact in the greenhouse gas accounting of food, feed and 
biofuels. For a specified commodity, the distinction between direct and indirect land use change can 
be made. Direct land use change (dLUC) is connected to the field where the activity takes place, while 
indirect land use change (iLUC) is characterized by a net increase in demand of farm land due to the 
displacement of previous land use activities. Indirect land use change is not observable and must be 
modelled. The models to quantify iLUC can be divided in economic and simplified models. There are 
many studies on LUC connected to biofuels; however the results are connected to large uncertainties 
both concerning the data input and the modelling exercise itself. More research is needed to study 
the uncertainties and to develop the models, but there is also a need to discuss and clarify the 
difference between direct and indirect land use change and the links between food, feed and biofuel 
production in general. Further, more case studies is urgently needed as input in the development of 
broader assessments including all land use change activities, and not only biofuel production. 
 
Keywords: land use change, direct, indirect, model, food, feed, biofuel 
 

1. Introduction  
On a global scale, there is a rising demand for food, feed and agricultural crops for biofuels. Recent 
projections of future land use estimate a net expansion of arable land in the magnitude of 70 Mha 
until 2050, equivalent to 4–5% of current arable land. However FAO also make projections up to 185 
Mha depending on assumptions of population growth, amount of biofuels etc. (Hallström et al., 
2011). Savings in user systems, for example minimizing food waste and increasing effectiveness in 
the energy sector could compensate for some of this increase of demand, as well as changes in 
consumption and behavioural patterns. However, a large share of the biomass demand will have to 
be supplied by increasing crop yields and expanding land for cultivation. The expansion of land can 
lead to increased greenhouse gas emissions, which in the debate lately has lead to questions on the 
climate benefit of biofuels. 
 
The purpose of this paper is to critically assess different methods for estimating land use change 
(LUC) due to increased demand of food, feed and fuel. The aim is also to give an overview of the 
greenhouse gas (GHG) emissions connected to LUC reported in literature. 
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Figure 1. Increased demand of crop A can give several effects. Light grey boxes indicate direct land 
use changes (dLUC), dark grey indirect land use changes (iLUC). 
 
There are several different partial and general equilibrium models. Among partial equilibrium models 
can be mentioned CAPRI, IMPACT, FAPRI-CARD and AGLINK-COSIMO. Examples of general 
equilibrium models are GTAP, GTAP-E, LEITAP, MIRAGE, and IIASAs World Food System Model. 
However, none of the models were originally intended for determining iLUC. 
 
Even though economic models study a defined commodity, they can not distinguish between iLUC 
and dLUC, simply because they are too coarse in resolution. The economic models typically are used 
to determine land use change due to implementation of a policy, for example the EU biofuel policy 
aiming for 10% renewable energy in the transport sector by 2020. In literature however the 
distinction between iLUC and dLUC has not been made clear, why there is a risk for double counting 
of LUC. Further most economic models only count the LUC in hectares, so assumptions on 
consequential GHG emissions are needed, or connection of a spatial allocation model to the 
economic model (Edwards et al., 2010). 
 
4.2 Simplified models 
The use of economic models and connected land allocation models for calculating GHG emissions is 
elaborate. The models are complex and not transparent and can only be run by researchers who 
have in-depth knowledge of the models. However, several alternatives to the economic models have 
been developed. The approaches of these simplified models vary. One model for example uses a 
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causal descriptive approach where land use scenarios are formed by a reference expert group (Bauen 
et al., 2010). Others use statistics of past LUC to assess future LUC (for example Fritsche et al., 2010; 
Tipper et al., 2009). 
 

5. Synthesis and analysis  
Most studies found in literature deals with LUC connected to biofuel production, this mainly since 
biofuels have been subject to legislation of GHG emission levels in the US and EU. A summary of 
results from different studies on iLUC connected to biofuel production is given in Figure 2. Note that 
even though the studies name it as iLUC it could very well be that both direct and indirect land use is 
included in the results; most studies are not transparent enough to determine this. Further it is also 
important to note that the GHG emissions from LUC are allocated over a number of years. Most 
studies allocate over 20, 25 or 30 years. In Figure 2, all emissions have been recalculated to 30 years 
(Ahlgren et al., 2011). As can be seen, there are large variations in the results, for example does 
biodiesel from rapeseed vary between 8 and 148 g CO2-eq/MJ biofuel (the fossil fuel reference is 
around 85 g CO2-eq/MJ). There are many reasons for the large divergence in results, such as: 

• Type of model used (general equilibrium, partial equilibrium, simplified) 

• If the results include iLUC, dLUC or both 

• The assumptions in the models, such as prices, elasticity, amount of biofuel studied, start and 
end points, harvest yields, biofuel yields 

• If and how the model includes reduced or/and changed consumption  

• If and how the model includes intensification in agricultural production 

• If and how the model includes effects of the by-products from biofuel production  

• Resolution of the model, on spatial and commodity level 

• Type of land assumed to be affected and the associated GHG emissions 

• Time period over which the potential GHG emissions are allocated 
 
For food production, there are not many studies carried out on LUC. To some extent, the dLUC 
connected to cattle ranching and soy meal production for animal feed has been debated (see for 
example FAO, 2006; Garnett, 2009). However, not many GHG accounting studies include LUC (de 
Vries and de Boer, 2010). In a recent study by Cederberg et al. (2011), GHG emissions from dLUC for 
Brazilian beef production expanding into Amazonas was estimated to 700 kg CO2-equivalents per kg 
meat, which can be compared to 14 to 32 kg CO2-e in studies not taking into account land use change 
(de Vries and de Boer, 2010). In the UK a study has been carried out using a simplified model, 
originally developed for biofuel LUC accounting, to assess the LUC of the UK food sector (Audsley et 
al., 2009). The results showed that 40% of the GHG emissions embedded in UK food consumption can 
be attributed to LUC (both iLUC and dLUC). 
 

6. Conclusions 
The methodology for quantifying direct and indirect land use changes is not yet fully developed, 
mainly due to the inherent complexity in this modelling. More research is needed to study the 
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Figure 1. Increased demand of crop A can give several effects. Light grey boxes indicate direct land 
use changes (dLUC), dark grey indirect land use changes (iLUC). 
 
There are several different partial and general equilibrium models. Among partial equilibrium models 
can be mentioned CAPRI, IMPACT, FAPRI-CARD and AGLINK-COSIMO. Examples of general 
equilibrium models are GTAP, GTAP-E, LEITAP, MIRAGE, and IIASAs World Food System Model. 
However, none of the models were originally intended for determining iLUC. 
 
Even though economic models study a defined commodity, they can not distinguish between iLUC 
and dLUC, simply because they are too coarse in resolution. The economic models typically are used 
to determine land use change due to implementation of a policy, for example the EU biofuel policy 
aiming for 10% renewable energy in the transport sector by 2020. In literature however the 
distinction between iLUC and dLUC has not been made clear, why there is a risk for double counting 
of LUC. Further most economic models only count the LUC in hectares, so assumptions on 
consequential GHG emissions are needed, or connection of a spatial allocation model to the 
economic model (Edwards et al., 2010). 
 
4.2 Simplified models 
The use of economic models and connected land allocation models for calculating GHG emissions is 
elaborate. The models are complex and not transparent and can only be run by researchers who 
have in-depth knowledge of the models. However, several alternatives to the economic models have 
been developed. The approaches of these simplified models vary. One model for example uses a 
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uncertainties and to develop more reliable models. There is also a need to discuss and clarify the 
difference between direct and indirect land use change and the links between food, feed and biofuel 
production; one activity’s indirect land use change is in fact another activity’s direct land use change. 
Further, more case studies for the food sector is urgently needed as input in the development of 
broader assessments including all land use change activities, and not only biofuel production. 
 

 
Figure 2. Result of literature review of studies on iLUC connected to biofuel production, categorised by 
feedstock, expressed as g CO2-equiv. per MJ biofuel. Each bar represents one study. For comparability, 
GHG emissions have been 3recalculated to 30 years for all cited studies. Included studies use both 
economic and simplified models. A complete list of references can be found in Ahlgren et al., 2011. 
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BIOMASS OF TRADITIONAL AND ALTERNATIVE CROPS FOR COMBUSTION 
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The current study was aimed to evaluate the biomass yield and some quality composition traits of 
traditional grasses and alternative crops. Biomass is an efficient renewable source of energy, but the 
selection of appropriate plant species is an important aspect. The yield ha-1 and the mineral ash 
content of a given crop are the two main traits, which generally determinate the choice of the crops. 
However, in a northern climate traditional grasses (Dactylis glomerata L., Phalaris arundinacea L. 
etc.) are generally not very productive and combustion quality does not match wood products, 
therefore some alternative crops could be attractive. Herbaceous plant species such as Miscanthus 
giganteus, Sida hermaphrodita, Silphium perfoliatum, Artemisia vulgaris, Artemisia dubia were 
investigated during the first two years of use in a small-plot experiment on a light arenosol soil. The 
herbaceous plants were grown without nitrogen fertilizers and with mineral nitrogen applied at a 
rate of 0, 60 and 120 kg ha-1. The plants were harvested at the end of the vegetation season and the 
dry matter yield and the chemical composition of the biomass were determined. The experimental 
data were processed by ANOVA. Preliminary research results suggest that the biomass yield of some 
investigated alternative crops was quite promising. The second and third years of the study showed 
that the biomass yield of the traditional grasses Dactylis glomerata without nitrogen was significantly 
lower than for Artemisia dubia and Sida hermaphrodita. Miscanthus giganteus had a lower biomass 
yield than Dactylis glomerata in the second year, but in the third year the yield was markedly higher. 
In comparison with Dactylis glomerata, Miscanthus has been shown to contain nearly the same 
concentration of ash, however, Artemisia dubia has shown the lowest concentration of ash, which is 
a favourable feature for the process. Further research on grasses and alternative crop management 
for biomass production is needed. 
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Bioenergy has a large potential for reducing use of fossil fuels worldwide. For Norway with its limited 
area available for plant production, it is important to know which plants are the most productive in 
terms of biomass yield per area while at the same time considering the different potential of these 
plants with respect to carbon (C) sequestration. The main objective of the study is to predict the 
consequences of climate change on the yields and C sequestration potential of different plants for 
energy use in different climatic and geographical regions of Norway by use of modelling. The process-
based COUPModel is used to simulate different plant systems, i.e., short-rotation (Salix) and 
traditional forests as well as agricultural systems with barley, oilseed rape, and perennial grasses 
(timothy and reed canary grass). Data from field experiments in Norway, Sweden and Finland are 
used for parameterisation and validation of the model. Simulations of the plant systems are 
undertaken for different regions in Norway under a future climate scenario. The model predicts a 
clear increase in both biomass and C sequestration for Salix in all regions considered, by 
approximately 25 and 30%, respectively. A similar increase is simulated for the grasses, whereas 
biomass of barley and oilseed rape remains relatively stable in a future climate. However, there is a 
more than 50% higher decomposition of soil organic matter content for barley and oilseed rape in 
the future than in the present climate. Norway spruce biomass remains relatively stable in a future 
climate but C sequestration is increased slightly. Based on these results, it could be beneficial for 
Norway to grow more typical energy crops (Salix, reed canary grass) both with respect to biomass 
and C sequestration in the soil in order to increase availability of biomass for energy use from 
agricultural systems.  
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Dabkevičius, *Institute of Agriculture, Lithuanian Research Center for Agriculture and Forestry, 
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The current study was aimed to evaluate the biomass yield and some quality composition traits of 
traditional grasses and alternative crops. Biomass is an efficient renewable source of energy, but the 
selection of appropriate plant species is an important aspect. The yield ha-1 and the mineral ash 
content of a given crop are the two main traits, which generally determinate the choice of the crops. 
However, in a northern climate traditional grasses (Dactylis glomerata L., Phalaris arundinacea L. 
etc.) are generally not very productive and combustion quality does not match wood products, 
therefore some alternative crops could be attractive. Herbaceous plant species such as Miscanthus 
giganteus, Sida hermaphrodita, Silphium perfoliatum, Artemisia vulgaris, Artemisia dubia were 
investigated during the first two years of use in a small-plot experiment on a light arenosol soil. The 
herbaceous plants were grown without nitrogen fertilizers and with mineral nitrogen applied at a 
rate of 0, 60 and 120 kg ha-1. The plants were harvested at the end of the vegetation season and the 
dry matter yield and the chemical composition of the biomass were determined. The experimental 
data were processed by ANOVA. Preliminary research results suggest that the biomass yield of some 
investigated alternative crops was quite promising. The second and third years of the study showed 
that the biomass yield of the traditional grasses Dactylis glomerata without nitrogen was significantly 
lower than for Artemisia dubia and Sida hermaphrodita. Miscanthus giganteus had a lower biomass 
yield than Dactylis glomerata in the second year, but in the third year the yield was markedly higher. 
In comparison with Dactylis glomerata, Miscanthus has been shown to contain nearly the same 
concentration of ash, however, Artemisia dubia has shown the lowest concentration of ash, which is 
a favourable feature for the process. Further research on grasses and alternative crop management 
for biomass production is needed. 
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The production of fuel ethanol derives a byproduct, distillers’ grains (DDGS), which can be used for 
multiple purposes, e.g. feed, fuel, fertiliser or biogas. The benefit of the byproduct(s) is one of three 
factors determining the environmental impact of the ethanol produced (besides raw material 
production and plant efficiency). The purpose of this study was to compare the environmental 
payback of using DDGS as feed for different livestock categories, using life cycle assessment 
methodology with a system expansion approach. For ruminants and horses the feed value of the 
distillers’ grains was calculated as the corresponding raw protein and digestible energy (Edig) contents 
in soybean meal and barley, for pigs the replacement base was the lysine and Edig contents and for 
poultry the methionine and Edig contents. The resulting environmental benefit was largest when 
DDGS was used for ruminants and horses instead of for pigs and poultry for all examined impact 
categories: global warming potential, eutrophication, acidification and energy use. E.g, the GWP 
saving was 24 and 14 g CO2-e/MJethanol when replacing ruminant and pig feed, respectively. If an 
additional process with sulfuric acid and/or heating is supplied to the hydrolysis step, 13% more 
ethanol can be produced from the grain mash. This secondary fermentation generates a more 
concentrated byproduct, enhanced DDGS, containing more protein/kg, but a lower concentration of 
lysine and methionine. The resulting environmental benefit was still largest when the byproduct was 
used for ruminants and horses instead of monogastrics. In terms of feed value, the additional process 
was not worthwhile, since each feed application resulted in a lower payback for all impact categories. 
The conclusions were that the distillers’ grains should preferably be used as ruminant or horse feed 
compared to monogastrics, and that the additional fermentation process generated a less valuable 
feed from an environmental perspective. 
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Risk assessment is an important factor for successful entrepreneurship of bioenergy production that 
has become one of the priorities in the energy sector in Latvia. Currently, 1% of Latvia`s electricity is 
produced by cogeneration of biomass (ie. from biogas), and it is seen as a perspective source of 
renewable energy under the conditions of Latvia. To encourage the development of cogeneration 
plants, funding from the EU structural funds, Cohesion fund and European Agriculture Fond for Rural 
Development are available, and it is planned to attract 74 mil. lats (105 mil. euro) from the 
government of Latvia and the EU in the following years. Although researchers of Latvia University of 
Agriculture have a certain experience in working with risk determination and assessment issues in 
various fields of agriculture, veterinary medicine, food science etc., the field of renewable energy 
production is rather new and scantily explored. Following the Finnish experience (Leppälä, 2008) in 
risk assessment - risk management system for farmers developed by the MTT institute - Latvia 
University of Agriculture within a project ``Latvian agriculture risk and crisis management systems`` 
has launched a risk assessment system for farmers available online. The system consists of 5 sections 
– personnel, production, property, environmental and legislative risks. It allows performing the risk 
assessment by answering a series of questions connected to the economic actions of the particular 
farm. In order to expand the risk assessment system and adapt it to the farms that produce biogas 
the system is supplemented with bioenergy production risk factor evaluation by the Analytic network 
process – a decision making tool that allows to include various factors and criteria - tangible and 
intangible, thus attaining comprehensive risk assessment for versatile farm risk management. 
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The production of fuel ethanol derives a byproduct, distillers’ grains (DDGS), which can be used for 
multiple purposes, e.g. feed, fuel, fertiliser or biogas. The benefit of the byproduct(s) is one of three 
factors determining the environmental impact of the ethanol produced (besides raw material 
production and plant efficiency). The purpose of this study was to compare the environmental 
payback of using DDGS as feed for different livestock categories, using life cycle assessment 
methodology with a system expansion approach. For ruminants and horses the feed value of the 
distillers’ grains was calculated as the corresponding raw protein and digestible energy (Edig) contents 
in soybean meal and barley, for pigs the replacement base was the lysine and Edig contents and for 
poultry the methionine and Edig contents. The resulting environmental benefit was largest when 
DDGS was used for ruminants and horses instead of for pigs and poultry for all examined impact 
categories: global warming potential, eutrophication, acidification and energy use. E.g, the GWP 
saving was 24 and 14 g CO2-e/MJethanol when replacing ruminant and pig feed, respectively. If an 
additional process with sulfuric acid and/or heating is supplied to the hydrolysis step, 13% more 
ethanol can be produced from the grain mash. This secondary fermentation generates a more 
concentrated byproduct, enhanced DDGS, containing more protein/kg, but a lower concentration of 
lysine and methionine. The resulting environmental benefit was still largest when the byproduct was 
used for ruminants and horses instead of monogastrics. In terms of feed value, the additional process 
was not worthwhile, since each feed application resulted in a lower payback for all impact categories. 
The conclusions were that the distillers’ grains should preferably be used as ruminant or horse feed 
compared to monogastrics, and that the additional fermentation process generated a less valuable 
feed from an environmental perspective. 
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Fennoscandian animal husbandry has a generally high demand for bedding material. The increasing 
consumption for the traditionally used bedding materials like straw, sawdust and peat as fuel for 
bioenergy production, lead to steady increasing prices. Recently, use of locally produced woodchip-
based bedding material proved generally feasible within animal production in Northern Norway. 
However, one considerable bottleneck of using woodchips is the appropriate after use of the energy-
rich bedding material. Thus, this study investigated the biogas potential of the following deep litter 
bedding materials using an anaerobic fermentation processes in laboratory scale experiments: I) 
birch tree woodchips (BW), II) peat, III) six months old bedding material from beef cattle on 
woodchips (CBM), IV) sheep on woodchips (SBM) and V) sheep on straw (SS). Biogas potential of VI) 
cow manure (CM), VII) sheep manure (SM), and VIII) cellulose were determined as reference 
substrates. Furthermore, biogas potential of birch woodchips was determined after A) milling and B) 
steam explosion in a 1:1 VS mixture of sheep manure and woodchips. Biogas potential (ml CH4/g 
substrate) of the studied substrates increased in the following order: peat 16 ml/g, CBM 37 ml/g, 
SBM 40 ml/g, BM 74 ml/g, SM 100 ml/g, SS 138 ml/g and cellulose 232 ml/g. Milling and steam 
explosion treatments increased woodchips biogas potential from 40 to 106 and 226 ml CH4/g 
substrate. Results indicate that biogas potential of woodchip based bedding material is too low to be 
directly used for biogas production. However, appropriate pre-treatment can increase biogas from 
woodchips significantly. 
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Fibre hemp is a potential raw material for biotechnical conversion in wide areas with different 
climatic conditions, high productivity and relatively low-input management. The biomass productivity 
of maize is even higher but it needs more weed control and fertilizer than hemp. Pre-treatment of 
plant matter with alkaline or acid substances has been shown to be an efficient way to enhance its 
accessibility to enzymes for methane or ethanol production. Suitable storage methods are also 
required to preserve fresh crops as substrates for fuel production all year. Ensiling with or without 
alkaline or acid substances was therefore investigated as a preservation method for the raw 
materials and as mild pre-treatment methods to improve the disassembly of the lignocellulosic 
substrates. Formed fermentation acids and partial acid hydrolysis during untreated ensiling improved 
methane production from the hemp by 59% of dry matter (DM) compared to the fresh material. 
Acidic additives preserved the water soluble sugars well during the storage, and methane production 
increased by 37% and 21% of DM from hemp and maize, respectively. Alkaline conditions, studied 
with hemp, also improved the methane yields and were more beneficial for the enzymatic hydrolysis 
than the acidic conditions. Acidic conditions increased carbohydrate yields in enzymatic hydrolysis 
by19% of DM while alkaline conditions increased them by 55% of DM compared to the fresh 
material. Ensiling without additives decreased the overall conversion of polysaccharides in enzymatic 
hydrolysis, especially in maize with its high content of soluble sugars. However, total liberated 
carbohydrates were 20% (of DM) higher in acid ensiled maize than in the fresh material. The results 
show that the ensiling of fresh materials is a useful pre-treatment method for methane production. 
Improvements in enzymatic hydrolysis were also promising, although to obtain a high conversion, 
further treatments are required.  
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Fennoscandian animal husbandry has a generally high demand for bedding material. The increasing 
consumption for the traditionally used bedding materials like straw, sawdust and peat as fuel for 
bioenergy production, lead to steady increasing prices. Recently, use of locally produced woodchip-
based bedding material proved generally feasible within animal production in Northern Norway. 
However, one considerable bottleneck of using woodchips is the appropriate after use of the energy-
rich bedding material. Thus, this study investigated the biogas potential of the following deep litter 
bedding materials using an anaerobic fermentation processes in laboratory scale experiments: I) 
birch tree woodchips (BW), II) peat, III) six months old bedding material from beef cattle on 
woodchips (CBM), IV) sheep on woodchips (SBM) and V) sheep on straw (SS). Biogas potential of VI) 
cow manure (CM), VII) sheep manure (SM), and VIII) cellulose were determined as reference 
substrates. Furthermore, biogas potential of birch woodchips was determined after A) milling and B) 
steam explosion in a 1:1 VS mixture of sheep manure and woodchips. Biogas potential (ml CH4/g 
substrate) of the studied substrates increased in the following order: peat 16 ml/g, CBM 37 ml/g, 
SBM 40 ml/g, BM 74 ml/g, SM 100 ml/g, SS 138 ml/g and cellulose 232 ml/g. Milling and steam 
explosion treatments increased woodchips biogas potential from 40 to 106 and 226 ml CH4/g 
substrate. Results indicate that biogas potential of woodchip based bedding material is too low to be 
directly used for biogas production. However, appropriate pre-treatment can increase biogas from 
woodchips significantly. 
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Sewage sludge can supply plants with adequate amounts of different nutrients, but it often contains 
heavy metal and metalloids. Therefore, the aim of present study was to evaluate the suitability of 
sludge as a nutrient source for maize, oilseed rape and fibre hemp as bioenergy crops in comparison 
with conventional a synthetic nitrogen fertilizer. Specific attention has been paid to heavy metal and 
metalloid accumulation in plants. The study was conducted at the experimental farm, University of 
Helsinki, Finland during 2009, using a randomized complete block design. Sludge amount was 
calculated to deliver the same amount of nitrogen for each species. Plant biomass was measured, 
and nitrogen and carbon content (C/N) was analyzed by the Dumas combustion method in a Vario 
Max CN analyzer. Heavy metal and metalloid contents were analyzed after microwave digestion by 
Inductively Coupled Plasma emission spectrometry (ICP). Results showed that sludge application 
resulted in the highest biomass in maize and fibre hemp, while the synthetic fertilizer resulted in the 
highest biomass in oilseed rape without significant differences. Biomass of maize was 27.0 using 
synthetic fertilizer and 29.2 t ha-1 using sludge. Synthetic fertilizer significantly increased the C/N 
ratio in oilseed rape and fibre hemp compared to sludge application (P<0.001), but it did not affect 
the C/N ratio in maize. On the other hand, sludge increased heavy metal and metalloid 
concentrations in plant material of both species compared to synthetic application. For instance, 
fibre hemp contained: 2.18, 0.06, 4.72, 11.86, 9.28 and 41.64 mg/kg, arsenic, cadmium, nickel, 
chromium, copper and zinc with using sludge, respectively; while these elements were 1.82, 0.06, 
3.94, 11.41, 8.44 and 37.34 mg/kg with the synthetic fertilizer. We conclude that sewage sludge is an 
appropriate nutrient source for bioenergy crops. 
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Anaerobic digestion is a management strategy of organic wastes which combines recycling of plant 
nutrients with production of renewable energy. However, the digestate is not a harmless product 
since it may contain pollutants and pathogenic bacteria. Therefore, it is important to assess the 
safety of using digestate as fertilizer with respect to the chemical and bacteriological content. 
Anaerobically digested organic waste was analyzed for the content of heavy metals, organic 
pollutants, pesticides and the bacteria E.coli and B.cereus. The digestate was separated into a fiber 
and liquid fraction. Heavy metal concentrations (mg/kg DM) in the fiber was (min-max); Zn (162–
364), Cu (34–69), Cd (0.2–0.4), Ni (6–19), Cr (15–33), Pb (6–13) and Hg (0.03–0.17), and in the liquid; 
Zn (132–422), Cu (23–57), Cd (0.2–0.6), Ni (3–11), Pb (4–6) and Hg (0.05–0.15). Organic pollutant and 
pesticide concentrations (µg/kg DM) in the fiber was: ∑PAH 16 (585 –1544), ∑PBDE (2.4–9.5), DEHP 
(13,440–64,874), Imazalil (380–4190) and Tiabendazol (140–670) and in the liquid: ∑PAH 16 (n.d–65), 
∑PBDE (n.d–0.2), DEHP (233-2113), Imazalil (370–5770) and Tiabendazol (n.d–730). The digestate 
didn’t contain viable E.coli but contained 0.5 to 10×106 viable B. cereus per ml, of which 1% was heat 
stable spores. The heavy metal concentration was within class I (Norwegian standard). DEHP 
concentrations were higher than threshold values for composts in Denmark, but lower than for 
sewage sludge used as fertilizer in EU. Imazalil and Thiabendazol concentrations were high, but no 
thresholds are available. The digestate contained B. cereus and a portion of the B.cereus genomes 
possessed the cesB gene and approximately 1% of the heat stable spores represented B.cereus. The 
content of viable B.cereus in the digestate was acceptable for foods. We conclude that the digestate 
is safe to use as fertilizers with respect to heavy metals, organic pollutants, pesticides and the 
bacteria E.coli and B.cereus. 
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Sewage sludge can supply plants with adequate amounts of different nutrients, but it often contains 
heavy metal and metalloids. Therefore, the aim of present study was to evaluate the suitability of 
sludge as a nutrient source for maize, oilseed rape and fibre hemp as bioenergy crops in comparison 
with conventional a synthetic nitrogen fertilizer. Specific attention has been paid to heavy metal and 
metalloid accumulation in plants. The study was conducted at the experimental farm, University of 
Helsinki, Finland during 2009, using a randomized complete block design. Sludge amount was 
calculated to deliver the same amount of nitrogen for each species. Plant biomass was measured, 
and nitrogen and carbon content (C/N) was analyzed by the Dumas combustion method in a Vario 
Max CN analyzer. Heavy metal and metalloid contents were analyzed after microwave digestion by 
Inductively Coupled Plasma emission spectrometry (ICP). Results showed that sludge application 
resulted in the highest biomass in maize and fibre hemp, while the synthetic fertilizer resulted in the 
highest biomass in oilseed rape without significant differences. Biomass of maize was 27.0 using 
synthetic fertilizer and 29.2 t ha-1 using sludge. Synthetic fertilizer significantly increased the C/N 
ratio in oilseed rape and fibre hemp compared to sludge application (P<0.001), but it did not affect 
the C/N ratio in maize. On the other hand, sludge increased heavy metal and metalloid 
concentrations in plant material of both species compared to synthetic application. For instance, 
fibre hemp contained: 2.18, 0.06, 4.72, 11.86, 9.28 and 41.64 mg/kg, arsenic, cadmium, nickel, 
chromium, copper and zinc with using sludge, respectively; while these elements were 1.82, 0.06, 
3.94, 11.41, 8.44 and 37.34 mg/kg with the synthetic fertilizer. We conclude that sewage sludge is an 
appropriate nutrient source for bioenergy crops. 
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Abstract 
Tail biting is an important animal welfare problem in pigs. An earlier study at a Finnish 
slaughterhouse reported tail damage on 10% to 30% of pigs. The goal of this study was to examine 
the occurrence of tail biting in pens, and its impact on production performance and health of pigs. 
The investigation was based on individual records for 6812 pigs with undocked tails raised at the 
Finnish progeny test farm. Non-parametric Mann-Whitney U-tests and χ2 tests were used to study 
the differences between the victims of tail biting and other pigs. The occurrence of tail biting and 
other symptoms and the development of tail biting in the pens were estimated with a dynamic 
model. The costs of tail biting outbreaks were simulated with a stochastic simulation model. Forty-
two percent of the pens had at least one case of tail biting, and 61% of these pens had two or more 
cases. Typically the second case occurred within 2 days after the first case. Victims of tail biting had 
lower genetic growth potential (P<0.05) and lower average daily gain (ADG) (P<0.05) than non-
victims. After tail biting, the ADG of the victims typically decreased by between 7% and 11%, 
although larger decreases were also observed. Compared to non-victims, the prevalence of other 
disease symptoms than tail biting was 80% higher among victims. Victims had more leg disorders 
than non-victims. They also had an increased need for medical treatments. Lameness, the most 
common other symptom than tail biting, was observed on average 3.7 days before the first tail biting 
in the same pig. Tail biting resulted in substantial economic losses especially when the fattening of 
the pig could not be continued as planned. Immediate response to tail biting by the caretaker is 
important to prevent further damage. 
 
Keywords: tail biting, fattening pig, dynamic model, leg disorders, average daily gain 
 

1. Introduction 
Tail biting is one of the most important animal welfare problems in pigs. Estimates on the prevalence 
of tail biting vary a lot (EFSA, 2007). For instance, Valros et al. (2004) reported fresh tail damage on 
11.7% of slaughter pigs in Finland. Heinonen et al. (2001) reported that tail biting was the most 
common health disorder in finishing units, when the percentage of batches with at least one affected 
pig was studied from farm medication records. They found that 69% of batches were affected by tail 
biting. Keeling and Larsen (2004) reported 6.2% and 7.2% tail lesions in two Swedish 
slaughterhouses. Schroeder-Petersen and Simonsen (2001) reported a prevalence below 1% in 
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Danish meat inspection records and Fjetland and Kjaerstad (2002) reported 4% tail lesions in 
Norwegian meat inspection records. Meat inspection records typically show a lower prevalence than 
specific data from slaughter lines or farms. 
 
Pigs of all ages may suffer from tail biting. There can be multiple causes, such as lack of stimuli and 
disturbances in the production environment. Important risk factors for tail biting include inadequate 
enrichment, slatted floors, high stocking density, inadequate access to feed, distortions in the 
ventilation, water or feed supply to pigs, mixing of animals and castration (e.g. Bracke et al., 2004; 
EFSA, 2007). The prevalence of tail biting is known to vary by breed (e.g. Breuer et al., 2005) and sex 
(e.g. Kritas and Morrison, 2004; Valros et al., 2004; Penny et al., 1981) of a pig. Breed and sex affect 
also growth, leanness and other production traits in pigs. 
 
Reduced growth, poorer feed conversion ratio, extra treatment and medication costs, increased 
carcass condemnations and mortality, if associated to tail biting, have the potential to cause major 
economic losses to the producer. However, only few studies have examined the production results of 
victims of tail biting and how tail biting actually develops in a pen. Wallgren and Lindahl (1996) 
observed 11% and 5% lower average daily gain (ADG) for victims than non-victims during a short 
period after biting and from biting to slaughter, respectively. Elevated carcass condemnation rates 
and an increased prevalence of infections among the carcasses of victims have also been found 
(Huey, 1996; Valros et al., 2004). The goal of this study was to analyse the timing of occurrence of tail 
biting in a pen, production performance and other health problems than tail biting in victims and 
non-victims as well as the economic importance of the disorder.  
 

2. Material and methods 
In order to accurately estimate the impact of tail biting on the production performance of pigs there 
is a need for data on feed intake, growth, health and the genetics of pigs. The data used in this study 
were individual records for altogether 6812 Finnish Landrace, Yorkshire and their crossbreed pigs 
(boars 30.3%, females 29.9%, castrates 39.8%) with undocked tails. The pigs were raised at the 
Finnish progeny test farm in Längelmäki during 2007 and 2008. They were fed ad libitum with a 
three-phase feeding programme. The feed was supplied mainly from automatic feeding stations. The 
fattening started from approximately 30 kg body weight, ended at approximately 120 kg, and lasted 
for 91 days on average. There were on average 11 pigs per pen. 
 
Farm workers monitored the pigs daily. If health problems were observed, they started necessary 
interventions according to the advice of the herd veterinarian. The health status of pigs, disease 
symptoms and treatments were recorded in a database. A tail was considered bitten if there were 
visible wounds indicative of tail biting. If needed, the victim was moved to a hospital pen and usually 
medicated with penicillin injections for 3 to 5 days. When tail biting occurred, the tails of pigs in the 
pen were covered with tar and a small amount of pellet feed was distributed on the floor to prevent 
further biting incidents in the pen.  
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Animals were weighed upon arrival, on the slaughter day and maximum 5 times in between. 
Weighing information was used to compute ADG. Data on the individual feed intakes of individual 
pigs and carcass leanness were also collected. Besides phenotypic data, information on the genetics 
of the individual pigs (breeding values for ADG) was available from the Finnish Animal Breeding 
Association for 3863 pigs in the dataset. 
 
Non-parametric Mann-Whitney U-tests and χ2 tests were used to study the differences between the 
tail biting victims and other pigs. The occurrence of tail biting and other symptoms and the 
development of tail biting in the pen were estimated with a dynamic model. 
 
The costs of tail biting outbreaks were simulated with a stochastic dynamic simulation model. The 
growth of pigs was simulated with the model presented by Niemi and Sevón-Aimonen (2009), which 
was extended to take into account the risk of tail biting occurring in the pen and its’ impact on 
production performance of pigs. The impact of tail biting on the victim’s production performance was 
modelled by adjusting the growth potential of lean and fat in the pig (cf. Sandberg et al., 2006). 
Should the growth be reduced, feed efficiency was adjusted accordingly. The model was 
parameterized according to Längelmäki data. Parameters included the conditional probability for the 
nth case of tail biting to occur in the pen when n-1 cases had already been observed; the time period 
between successive cases of tail biting in the pen; and reduction in the ADG and increase in carcass 
leanness of tail biting victims. 
 

3. Results 
3.1. Prevalence and the timing of occurrence 
Altogether 11.1% of pigs in the data were identified as victims and 0.5% as biters. Most victims 
(82.5%) were found to be victims only once during their stay at the farm. Tail biting was observed in 
41.6% of pens. Of the pens where one case had been observed, 61.2% showed another case. Of the 
pens where two cases had already been observed, 71.1% showed three or more cases.  
 
If the last two weeks prior to slaughter were excluded, the occurrence of the first case of tail biting in 
the pen was quite evenly distributed over the fattening period. In contrast to this, if there were two 
or more cases of tail biting in the pen, subsequent cases typically occurred on the same day or on the 
day after the preceding case. Figure 1 shows the patterns of time for the first and the second case in 
the pen. 
 
3.2. Production performance 
The genetic growth potential of non-victims vs. victims differed slightly, however significantly. The 
phenotypic differences in ADG for non-victims vs. victims were even larger (Table 1). 
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Figure 1. The distribution of the occurrence of the first case of tail 
biting in the pen (Victim 1; days after the pig had arrived at the 
pen) and of the second case (Victim 2; days between the first and 
the second case). 
 
 
Table 1. Median genetic and phenotypic differences (Mdnon-victim - Mdvictim) in the average daily gain 
(g/d) between non-victims and victims of tail biting by their breed and sex 

Breed or sex Phenotypic difference1 Genetic difference1 

Boars 

Female pigs 

Castrated pigs 

All 

11.0 n.s. 

38.0 *** 

63.5 *** 

29.5 *** 

9.8 * 

15.0 *** 

19.4 *** 

13.8 *** 
1 Significance levels (Mann-Whitney U-test), *=P<0.05; ***=P<0.001; n.s.=not significant. 

 
After tail biting occurred, the ADG of victims decreased by between 7% and 11%. However, ever 
larger decreases were observed in cases where the fattening of the pig was not continued as 
planned. Three and a half percent of all pigs at the station didn’t finish in the test period as planned. 
The fattening of these pigs was typically continued at the station, for instance in a hospital pen, but 
their production results were not monitored in detail. The prevalence of tail biting among these pigs 
was 34% and the ADG of these animals was decreased by between 15% and 21% compared to pigs 
which finished the test period. 
 
3.3. Health status of pigs 
Compared to non-victims, the prevalence of health disorder symptoms other than tail biting was 1.8-
fold among the victims. Twenty percent of victims and 9% of non-victims had leg disorders. Hence, 
the prevalence of leg disorders among tail-biting victims was 2.2-fold compared to non-victims. 
Among victims, lack of appetite was observed 1.6 times and miscellaneous other symptoms 1.2 times 
the percentage of observations among non-victims.  
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Animals were weighed upon arrival, on the slaughter day and maximum 5 times in between. 
Weighing information was used to compute ADG. Data on the individual feed intakes of individual 
pigs and carcass leanness were also collected. Besides phenotypic data, information on the genetics 
of the individual pigs (breeding values for ADG) was available from the Finnish Animal Breeding 
Association for 3863 pigs in the dataset. 
 
Non-parametric Mann-Whitney U-tests and χ2 tests were used to study the differences between the 
tail biting victims and other pigs. The occurrence of tail biting and other symptoms and the 
development of tail biting in the pen were estimated with a dynamic model. 
 
The costs of tail biting outbreaks were simulated with a stochastic dynamic simulation model. The 
growth of pigs was simulated with the model presented by Niemi and Sevón-Aimonen (2009), which 
was extended to take into account the risk of tail biting occurring in the pen and its’ impact on 
production performance of pigs. The impact of tail biting on the victim’s production performance was 
modelled by adjusting the growth potential of lean and fat in the pig (cf. Sandberg et al., 2006). 
Should the growth be reduced, feed efficiency was adjusted accordingly. The model was 
parameterized according to Längelmäki data. Parameters included the conditional probability for the 
nth case of tail biting to occur in the pen when n-1 cases had already been observed; the time period 
between successive cases of tail biting in the pen; and reduction in the ADG and increase in carcass 
leanness of tail biting victims. 
 

3. Results 
3.1. Prevalence and the timing of occurrence 
Altogether 11.1% of pigs in the data were identified as victims and 0.5% as biters. Most victims 
(82.5%) were found to be victims only once during their stay at the farm. Tail biting was observed in 
41.6% of pens. Of the pens where one case had been observed, 61.2% showed another case. Of the 
pens where two cases had already been observed, 71.1% showed three or more cases.  
 
If the last two weeks prior to slaughter were excluded, the occurrence of the first case of tail biting in 
the pen was quite evenly distributed over the fattening period. In contrast to this, if there were two 
or more cases of tail biting in the pen, subsequent cases typically occurred on the same day or on the 
day after the preceding case. Figure 1 shows the patterns of time for the first and the second case in 
the pen. 
 
3.2. Production performance 
The genetic growth potential of non-victims vs. victims differed slightly, however significantly. The 
phenotypic differences in ADG for non-victims vs. victims were even larger (Table 1). 
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Lameness, the most commonly recorded symptom besides tail biting, was observed on average 3.7 
days before the first observation of tail biting in the same pig. The lack of appetite was observed on 
average 6.3 days after tail biting. All other symptoms were observed on average one day prior to the 
first tail-biting incident. 
 
3.4. Economic importance 
The costs of tail biting for a 1000 pigs finishing farm where 12% of pigs were victims of tail biting, 
were simulated at the range of €5,000 to €10,000 per year. The costs were particularly heavy when 
medication was needed and when the fattening of the victims could not be continued as planned. 
The losses were elevated by the epidemic nature of tail biting as the risk of further losses in the pen 
increased substantially after the first case had been observed.  
 

4. Discussion and conclusions 
Tail biting reduced growth of victims, increased economic losses and was associated with increased 
prevalence of other health problems. Observing true effects on production performance requires 
information on the genetic merit of pigs because these changes are partly due to the different 
genetics of victims and non-victims. An interesting result is that the victims of tail biting are likely to 
suffer more frequently from other health disorders than pigs with non-bitten tails. Tail biting was 
often preceded by leg disorders and followed by reduced appetite, which may be associated with 
reduced growth rate of victims of tail biting.  
 
Our results suggest that tail biting can occur like an epidemic. As new cases of tail biting are likely to 
occur quickly after the first case, immediate response to tail biting is important to prevent further 
cases and economic damage. 
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Lameness, the most commonly recorded symptom besides tail biting, was observed on average 3.7 
days before the first observation of tail biting in the same pig. The lack of appetite was observed on 
average 6.3 days after tail biting. All other symptoms were observed on average one day prior to the 
first tail-biting incident. 
 
3.4. Economic importance 
The costs of tail biting for a 1000 pigs finishing farm where 12% of pigs were victims of tail biting, 
were simulated at the range of €5,000 to €10,000 per year. The costs were particularly heavy when 
medication was needed and when the fattening of the victims could not be continued as planned. 
The losses were elevated by the epidemic nature of tail biting as the risk of further losses in the pen 
increased substantially after the first case had been observed.  
 

4. Discussion and conclusions 
Tail biting reduced growth of victims, increased economic losses and was associated with increased 
prevalence of other health problems. Observing true effects on production performance requires 
information on the genetic merit of pigs because these changes are partly due to the different 
genetics of victims and non-victims. An interesting result is that the victims of tail biting are likely to 
suffer more frequently from other health disorders than pigs with non-bitten tails. Tail biting was 
often preceded by leg disorders and followed by reduced appetite, which may be associated with 
reduced growth rate of victims of tail biting.  
 
Our results suggest that tail biting can occur like an epidemic. As new cases of tail biting are likely to 
occur quickly after the first case, immediate response to tail biting is important to prevent further 
cases and economic damage. 
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LYING BEHAVIOUR AND CLEANLINESS OF SHEEP AND CATTLE ON A 
WOODCHIP-BASED DEEP LITTER 

 
Inger Hansen*, Christian Uhlig and Odd-Arild Finnes, *Norwegian Institute for Agricultural and 
Environmental Research, Arctic Agriculture and Land Use Division, P.O. Box 34, N-8860 Tjøtta, 

Norway; inger.hansen@bioforsk.no 
 
The main goal of this study was to develop an alternative bedding material for cattle and sheep 
based on locally produced woodchips from birch trees and Sphagnum peat in Northern Norway. Four 
litter mixtures; 2.5 and 5.0 cm woodchips, with and without 20% peat of total volume were studied 
in A) Four pens sized 20.4 m2 with two cattle each, i.e. one pen per treatment; B) Eight pens sized 
21.2 m2 with seven ewes each, i.e. two pens per treatment, and two similar sheep pens with deep 
straw (barley) as controls. The number of lying animals was counted in 10-minute intervals from 6 
pm to 6 am for two consecutive days and the mean number of animals lying simultaneously per pen 
and hour was calculated. The cleanliness of the animals was assessed within three separate body 
sections (legs, side, rear) using a scale from 0 to 2 points for each body part (0 p=clean, 6 p=dirty). 
The proportion of animals lying simultaneously per pen and hour and individual cleanliness scores 
were analysed by GLM. No differences in lying behaviour and cleanliness between the four 
woodchips mixtures were found, neither for sheep nor cattle. However, straw bedding resulted in 
the least dirty ewes (P<0.01) and the highest number of ewes lying simultaneously (P<0.1). These 
two welfare indicators indicate that straw is a better deep litter material for sheep than woodchips. 
The cattle ended up being very dirty and the deep litter very muddy. It is challenging to achieve a 
well-functioning deep litter based on coarse woodchips, especially for cattle which are heavier and 
have more liquid manure than sheep. More knowledge is needed in order to operate deep litter 
systems based on coarse woodchips in an optimal way. 
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street 2, Jelgava, LV-3001, Latvia; indra.eihvalde@gmail.com 
 
Research on the amount of immunoglobulins in cow colostrum was carried out from November 2009 
to November 2010 in a commercial dairy farm. A total of 262 samples of colostrum were obtained 
from 197 Latvian Brown, 31 Danish Red und 34 Holstein dairy cows in the second and following 
lactations. The Swedish company’s colostrometer “DeLaval” and 200 ml of the first milking warmed 
up to 22 degrees were used to determine the concentration of immunoglobulins. The average 
colostrum concentration of the investigated group of cows was 89.4±1.92 mg mL-1, indicating good 
colostrum quality. The average dry period length of the investigated group of cows was 73.9±2.31 
days, which is 10 days longer than the average dry period length of controlled cows in Latvia. For 
cows with a recommended dry period length (average 45–60 days) the concentration of 
immunoglobulin in colostrum was 90.1±2.84 mg mL-1, for cows with a shortened dry period (less than 
44 days) 85.5±11.36 mg mL-1, and for cows with an extended dry period (above 60 days) 89.2±2.69 
mg mL-1. The data were subjected to one-way analysis of variance (ANOVA) to determine the 
significance of differences of means among lactations. The statistical analyses were performed with 
Microsoft Excel. The difference was considered significant when P<0.05. Obtained results confirm 
that the dry period length does not influence the existing amount of immunoglobulins in colostrum. 
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LYING BEHAVIOUR AND CLEANLINESS OF SHEEP AND CATTLE ON A 
WOODCHIP-BASED DEEP LITTER 

 
Inger Hansen*, Christian Uhlig and Odd-Arild Finnes, *Norwegian Institute for Agricultural and 
Environmental Research, Arctic Agriculture and Land Use Division, P.O. Box 34, N-8860 Tjøtta, 

Norway; inger.hansen@bioforsk.no 
 
The main goal of this study was to develop an alternative bedding material for cattle and sheep 
based on locally produced woodchips from birch trees and Sphagnum peat in Northern Norway. Four 
litter mixtures; 2.5 and 5.0 cm woodchips, with and without 20% peat of total volume were studied 
in A) Four pens sized 20.4 m2 with two cattle each, i.e. one pen per treatment; B) Eight pens sized 
21.2 m2 with seven ewes each, i.e. two pens per treatment, and two similar sheep pens with deep 
straw (barley) as controls. The number of lying animals was counted in 10-minute intervals from 6 
pm to 6 am for two consecutive days and the mean number of animals lying simultaneously per pen 
and hour was calculated. The cleanliness of the animals was assessed within three separate body 
sections (legs, side, rear) using a scale from 0 to 2 points for each body part (0 p=clean, 6 p=dirty). 
The proportion of animals lying simultaneously per pen and hour and individual cleanliness scores 
were analysed by GLM. No differences in lying behaviour and cleanliness between the four 
woodchips mixtures were found, neither for sheep nor cattle. However, straw bedding resulted in 
the least dirty ewes (P<0.01) and the highest number of ewes lying simultaneously (P<0.1). These 
two welfare indicators indicate that straw is a better deep litter material for sheep than woodchips. 
The cattle ended up being very dirty and the deep litter very muddy. It is challenging to achieve a 
well-functioning deep litter based on coarse woodchips, especially for cattle which are heavier and 
have more liquid manure than sheep. More knowledge is needed in order to operate deep litter 
systems based on coarse woodchips in an optimal way. 
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EFFECT OF TRANSPORT TIME UP TO 12 HOURS ON PIGS’ WELFARE 
 

Girma Gebresenbet*, Samuel Aradom, Fufa Sorri and Musa Adam, *Swedish University of Agricultural 
Sciences, Department of Energy and Technology, P.O. Box. 7032, SE-75007 Uppsala, Sweden; 

girma.gebresenbet@slu.se 
 
Transport from farms to abattoir is stressful for pigs and compromises their welfare. The aim of the 
study was to investigate the effect of transport times of up to 12 hours on pigs’ welfare. A transport 
vehicle with three decks was used and an observation box was located on the 3rd floor. Eighteen 
measurements were taken during two seasons for 4, 8, and 12 hours transport times with three 
replications. To determine cortisol, glucose, lactate, and creatine kinase levels, blood samples were 
collected before and after transport from 90 pigs. Control samples were taken from 20 pigs that were 
not transported. During loading, transport and unloading behaviours were documented and 
recorded by visual observation assisted by handheld camera and fixed video camera in the loading 
compartment. To evaluate the final behaviour, frequency which was determined from the 
occurrence of events and the total number of animals in the box as well as duration of events 
(obtained from documented and recorded data) were considered. Data analysing was performed by 
SAS software package that included General Linear Model (GLM), Multivariate analysis of variance 
(MANOVA), and Clustering analysis. The concentration level of cortisol was inversely proportional to 
transport time. Glucose concentration was elevated from 11.8 to 15.9 mmol/l when animals were 
transported 4 and 8 hours respectively, and thereafter slightly decreased. Both lactate and creatine 
kinase concentrations increased with an increase in transport time (P<0.01; R2=0.96). Most of the 
values of stress hormones and behaviour scores increased from 4 hours to 8 hours rapidly and 
thereafter increased slightly or remained steady state between 8 and 12 hours. The continuous 
increase in creatine kinase with an increase in transport time noted in this study indicates increasing 
muscular fatigue during transport. 
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FACTORS CONTRIBUTING TO SOW REPLACEMENT AND THE VALUE OF 
PROLONGED PRODUCTIVE LIFE 

 
Jarkko K. Niemi*, Marja-Liisa Sevón-Aimonen, Kirsi Partanen and Kyösti Pietola, *Agrifood Research 

Finland (MTT), Economic Research, Latokartanonkaari 9, FI-00790 Helsinki, Finland; 
jarkko.niemi@mtt.fi 

 
Approximately half of sows are removed from the stock each year. Early culling of sows is an 
important economic and animal welfare problem. Rational producers can replace the least 
productive sows after having evaluated their performance. However, each sow’s performance is 
unknown a priori. This uncertainty carries a cost and it can impact the timing of replacement 
considerably. The goal is to estimate how information about a sow’s productivity contributes to the 
replacement decision, and how reduced likelihood of replacement could contribute to return on 
capital invested in the facility. We use stochastic dynamic programming to optimize the time to 
replace a sow. The model maximises return on sow space unit. The state variables are parity number 
and litter size. The transition equations for litter size and involuntary culling rate (exogenous shocks 
such as disease) are parameterized with data from 12,197 sows born in 2002. The sow’s genetic 
ability to repeatedly produce a large number of live piglets was positively related to her ability to stay 
in the herd. Involuntary culling of primiparous sows particularly contributed to the overall 
replacement cost, and fertility and leg disorders were the most important stated reasons to cull the 
sow. A small litter, high piglet mortality, the sow’s age (parity number) and poor genetic index 
significantly (P<0.05) impacted the decision to cull the sow. Incentives for voluntary replacement 
increased rapidly only after the 6th farrowing, because the optimal replacement policy is driven by 
involuntary replacements and uncertainty about future productivity. In a farrowing to finishing 
system, a 10% decrease in culling rate was estimated to increase the returns by approximately €0.01 
per kg pork produced. In conclusion, there are (limited) options to increase the lifespan of sows. 
Return on improved replacement policy is limited by uncertainty about the productivity of sows. 
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Transport from farms to abattoir is stressful for pigs and compromises their welfare. The aim of the 
study was to investigate the effect of transport times of up to 12 hours on pigs’ welfare. A transport 
vehicle with three decks was used and an observation box was located on the 3rd floor. Eighteen 
measurements were taken during two seasons for 4, 8, and 12 hours transport times with three 
replications. To determine cortisol, glucose, lactate, and creatine kinase levels, blood samples were 
collected before and after transport from 90 pigs. Control samples were taken from 20 pigs that were 
not transported. During loading, transport and unloading behaviours were documented and 
recorded by visual observation assisted by handheld camera and fixed video camera in the loading 
compartment. To evaluate the final behaviour, frequency which was determined from the 
occurrence of events and the total number of animals in the box as well as duration of events 
(obtained from documented and recorded data) were considered. Data analysing was performed by 
SAS software package that included General Linear Model (GLM), Multivariate analysis of variance 
(MANOVA), and Clustering analysis. The concentration level of cortisol was inversely proportional to 
transport time. Glucose concentration was elevated from 11.8 to 15.9 mmol/l when animals were 
transported 4 and 8 hours respectively, and thereafter slightly decreased. Both lactate and creatine 
kinase concentrations increased with an increase in transport time (P<0.01; R2=0.96). Most of the 
values of stress hormones and behaviour scores increased from 4 hours to 8 hours rapidly and 
thereafter increased slightly or remained steady state between 8 and 12 hours. The continuous 
increase in creatine kinase with an increase in transport time noted in this study indicates increasing 
muscular fatigue during transport. 
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REDUCING AIRBORNE DUST CONCENTRATIONS IN A FLOOR HOUSING SYSTEM 
FOR LAYING HENS 

 
Gösta Gustafsson* and Eva von Wachenfelt, *Swedish University of Agricultural Sciences, Department 

of Rural Buildings, P.O. Box 86, SE-23053 Alnarp, Sweden; gosta.gustafsson@slu.se 
  
Different dust reducing measures were investigated in a climate chamber equipped with a floor 
housing system for laying hens. How age of hens, storage time of manure, ventilation rate, bedding 
materials and spraying water droplets or a rape seed oil mixture affected concentrations and release 
of dust were investigated during two production batches with 60 measuring periods with durations 
of 3–4 days. The mass balance of dust as well as the efficiency of different dust reducing measures 
were investigated and analysed. Regression analysis was done using the StatView program. Settling 
of dust was a more important mechanism in the mass balance of dust than ventilation rate. A major 
part of the generated dust settled on different surfaces. An increased ventilation rate had a limited 
effect on the concentration of total dust due to the importance of the settling of the dust. Automatic 
spraying of small droplets of water reduced the dust concentration down to 40% from a reference 
level. Showering a mixture of 10% rape seed oil in water with full cone nozzles located above a 
draining floor was also investigated. Showering the oil mixture reduced the dust concentration with 
30–50%. Dust release was also investigated when using six different bedding materials, namely; 
gravel, clay pellets, peat, wood shavings, chopped straw and chopped paper. Clay pellets and peat 
resulted in lowest concentrations of dust. Gravel as bedding material generated the highest 
concentrations. It is concluded that spraying water droplets in the air is an effective and cheap way 
of reducing dust concentrations in floor housing systems for laying hens. 
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DO BIOSECURITY AND MANAGEMENT AFFECT RETURNS FROM PIG 
FATTENING? 

 
Jarkko K. Niemi* and Kirsi Partanen, *Agrifood Research Finland (MTT), Economic Research, 

Kampusranta 9, FI-60320 Seinäjoki, Finland; jarkko.niemi@mtt.fi 
 
Modern animal production is sensitive to animal health disorders because profit margins are small 
and there are limited resources to treat the disorder should it occur. Recent literature shows that 
private incentives, jointly with other issues, determine the producer’s decision to apply biosecurity 
measures and hence impact the presence of disease at the farm. As high-quality data are rarely 
available, there is little empirical evidence on the economics of preventive measures. The goal of this 
paper is to estimate the economic value of different policies, such as biosecurity practices, housing 
conditions, and the monitoring of production in pig fattening. Two unique datasets were combined. 
Questionnaire responses characterising management patterns in 64 finishing farms were combined 
with batch-level records for the same farms. These data by HK Agri Ltd covered over 500,000 pigs 
slaughtered in 2008 to 2010, including data about carcass weights, carcass quality, piglets delivered 
to the farm, the growth of pigs, and carcass condemnations and diseases recorded at slaughter. 
Information gaps were covered by peer-reviewed literature. An index was developed to measure the 
value of management patterns. Physical data on inputs, outputs and output quality were weighed by 
prices. The links between housing, management and biosecurity policies and the index were 
estimated econometrically by using a two-stage regression procedure, which corrected for possible 
endogeneity bias such as farm-specific contract price premiums, carcass and piglet weight and 
economies of scale. A significantly (P<0.10) higher index value was associated with low prevalence of 
carcass condemnations and larger farm size; all-in-all-out practice (vs. other production systems); 
ventilation by compartment (vs. no compartmental ventilation); and with the monitoring of 
economic results, cleaning the facility between the batches and prohibiting extra persons to enter 
the facility (vs. not applying these policies). The results suggest that good managerial skills can 
promote the farm’s economic performance.  
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Different dust reducing measures were investigated in a climate chamber equipped with a floor 
housing system for laying hens. How age of hens, storage time of manure, ventilation rate, bedding 
materials and spraying water droplets or a rape seed oil mixture affected concentrations and release 
of dust were investigated during two production batches with 60 measuring periods with durations 
of 3–4 days. The mass balance of dust as well as the efficiency of different dust reducing measures 
were investigated and analysed. Regression analysis was done using the StatView program. Settling 
of dust was a more important mechanism in the mass balance of dust than ventilation rate. A major 
part of the generated dust settled on different surfaces. An increased ventilation rate had a limited 
effect on the concentration of total dust due to the importance of the settling of the dust. Automatic 
spraying of small droplets of water reduced the dust concentration down to 40% from a reference 
level. Showering a mixture of 10% rape seed oil in water with full cone nozzles located above a 
draining floor was also investigated. Showering the oil mixture reduced the dust concentration with 
30–50%. Dust release was also investigated when using six different bedding materials, namely; 
gravel, clay pellets, peat, wood shavings, chopped straw and chopped paper. Clay pellets and peat 
resulted in lowest concentrations of dust. Gravel as bedding material generated the highest 
concentrations. It is concluded that spraying water droplets in the air is an effective and cheap way 
of reducing dust concentrations in floor housing systems for laying hens. 
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COSTS OF COMPLIANCE TO ALTERNATIVE HOUSING STANDARDS IN THE 
FINNISH PIG SECTOR 

 
Jarkko K. Niemi* and Timo Karhula, *Agrifood Research Finland (MTT), Economic Research, 
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Modern pig production facilities have been criticised for poor animal welfare. Hence, the upgrading 
of housing conditions has been proposed. The goal of this study is to examine the cost of compliance 
to Finnish pigs farms if an alternative animal-friendly housing standard with the following changes 
would be introduced: 1) increase the minimum space allowance per animal above the minimum EU 
regulations, 2) reduce the maximum of slatted floor per pen area, 3) introduce mandatory hospital 
pen area requirements, 4) provide the pigs with continuous access to natural light and sows and gilts 
with access to nest building material prior to farrowing. For instance, the space requirement per 110 
kg fattening pig would be 1 m2 per pig instead of 0.65 m2 per pig. Differences in production costs 
between current and alternative housing standards were compared. Possible consumer price 
premium for upgraded welfare standard was not accounted for. The analysis took into account that 
some farms already meet the alternative standard. A postal survey was sent to 507 farms in spring 
2009, including 10% of randomly selected farms and 15% of the largest farms. Responses from 162 
farms were used to determine present space allowance, floor type and other facility characteristics 
and to calculate the costs of compliance for each respondent. Changes in productivity (e.g. mortality, 
weight gain) were estimated based on peer-reviewed studies. Results suggest that the new standards 
would increase housing and labour costs. Annual costs to be recovered by the sector from the 
markets were estimated at €6.4 million per year, or 3 cents/kg pork. The corresponding costs were 
on average €3169 per farm. The estimates include €2 million gained through improved productivity. 
Results suggest that the new standards would reduce incentives to invest in pig production. The 
production volume was estimated to decrease only a little. 
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With 25% of the annual emissions of greenhouse gases (GHG) caused by the average Swede coming 
from food consumption, decreasing emissions in food production is becoming important in global 
warming abatement. Existing research show that intensive animal production systems generally 
produce meat with less emissions than more extensive systems. On the other hand, consumers value 
high animal welfare. There is a risk that focus on lowered emissions of GHG from meat production 
might lead to trade-offs between animal welfare and lowered global warming potential. The purpose 
of this study was to discuss how different measures to lower the emissions of GHG can affect animal 
welfare. It specifically aimed at identifying areas where reductions in emissions could be 
implemented without affecting animal welfare. The study used existing, national and international, 
life cycle assessments of pork production systems to quantitatively compare the impact on global 
warming from different pork production systems. Production measures unrelated to animal welfare 
were found to be: lowered emissions during feed production and improved energy efficiency in 
stables. Areas which could affect animal welfare negatively were: improved manure handling 
including e.g. biogas production, since slurry has higher biogas potential than solid systems, and 
reduced feed conversion ratios which would speak in favour of restricted indoor systems. Keeping 
highly productive, i.e. healthy animals and reducing mortality are GHG reduction measures that are 
also beneficial for animal welfare reasons. The study concluded that since feed production is the 
hotspot of GHG emissions in pork production and also unrelated to animal welfare, this is a suitable 
area for reducing global warming impact from pork production. Using waste and by-products as feed 
could be one alternative to lower GHG emissions from feed. 
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Modern pig production facilities have been criticised for poor animal welfare. Hence, the upgrading 
of housing conditions has been proposed. The goal of this study is to examine the cost of compliance 
to Finnish pigs farms if an alternative animal-friendly housing standard with the following changes 
would be introduced: 1) increase the minimum space allowance per animal above the minimum EU 
regulations, 2) reduce the maximum of slatted floor per pen area, 3) introduce mandatory hospital 
pen area requirements, 4) provide the pigs with continuous access to natural light and sows and gilts 
with access to nest building material prior to farrowing. For instance, the space requirement per 110 
kg fattening pig would be 1 m2 per pig instead of 0.65 m2 per pig. Differences in production costs 
between current and alternative housing standards were compared. Possible consumer price 
premium for upgraded welfare standard was not accounted for. The analysis took into account that 
some farms already meet the alternative standard. A postal survey was sent to 507 farms in spring 
2009, including 10% of randomly selected farms and 15% of the largest farms. Responses from 162 
farms were used to determine present space allowance, floor type and other facility characteristics 
and to calculate the costs of compliance for each respondent. Changes in productivity (e.g. mortality, 
weight gain) were estimated based on peer-reviewed studies. Results suggest that the new standards 
would increase housing and labour costs. Annual costs to be recovered by the sector from the 
markets were estimated at €6.4 million per year, or 3 cents/kg pork. The corresponding costs were 
on average €3169 per farm. The estimates include €2 million gained through improved productivity. 
Results suggest that the new standards would reduce incentives to invest in pig production. The 
production volume was estimated to decrease only a little. 
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Abstract 
EU Member States must implement the legislation needed to comply with the provisions specified in 
the Framework Directive on the Sustainable Use of Pesticides (2009/128/EC), which requires 
Member States to set up National Action Plans (NAP) to reduce the effects of pesticide use on human 
health and the environment. The NAP should contain quantitative objectives, targets, measures and 
timetables. In Germany, the current NAP from 2008 builds on the Pesticide Reduction Programme of 
2004, which was published following a transparent public debate on plant protection policy that 
started in 2002. The quantitative target is to reduce the risk potential by a further 25% by the year 
2020, as determined using statistical means from 1996 to 2005 as the baseline. Particular emphasis is 
placed on limiting the use of pesticides to the “necessary minimum” in order to avoid their 
unnecessary application and to increase the use of non-chemical plant protection methods. The main 
focus of such measures is to promote innovation in plant protection and to advance the principles of 
Integrated Pest Management (IPM). This is served by appropriate measures jointly implemented and 
funded by the German federal and state governments. Indicators are needed to measure the success 
of the NAP. The most important environmental risk indicator in Germany is SYNOPS. Similar 
indicators for occupational health and safety and consumer protection are still needed. It is very 
important to regularly collect data on the effective use of pesticides, as performed in the NEPTUN 
surveys since 2000 and in the Reference Farms Network since 2007. Both use and risk analyses based 
on robust on-farm data have shown that Germany has made progress towards reaching the goals 
specified in the NAP. 
 
Keywords: Germany, plant protection, pesticide, national action plan, risk indicator, reference farm, 
treatment index 
 

1. Introduction 
The use of chemical pesticides in Germany is regulated in a comprehensive manner that ensures a 
high level of safety and protection. The pesticide approval process, regulations on the sale and use of 
pesticides, and requirements for pesticide manufacturers, distributors, professional users, advisors 
and competent authorities are the principle instruments of pesticide regulation. Core elements of 
national implementation of the changes specified in the EU Pesticides Package are the new German 
Plant Protection Act, which is expected in 2011, and the regulations accompanying it. 
 
Each Member State must adopt a National Action Plan (NAP) by the end of 2012. As the chief 
instrument for implementation of Directive 2009/128/EC of the European Parliament and of the 
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Council of 21 October 2009 establishing a framework for Community action to achieve the 
sustainable use of pesticides (Sustainable Use Directive, SUD), the NAP should contain provisions for 
further reduction of the health, social, economic and environmental impacts of pesticide use above 
and beyond the general rules of police and regulatory law. The increased utilisation of alternative 
pest management practices, sustainable use strategies and comprehensive advisory services should 
help limit the use of chemical pesticides to the “necessary minimum”. 
 
All stakeholders should be involved in the development and implementation of the NAP. Good 
cooperation between all relevant sectors, such as the agricultural sector, chemical industry, food 
processing and sales industry, water management, nature conservation and environmental 
protection, and competent authorities, is of paramount importance. When developing and 
communicating the NAP, it is important to remember that the availability of chemical pesticides is a 
key element of plant protection that is needed to ensure the supply of food and feed and other 
“commodities” in the quality expected by society. This includes measures to ensure food and feed 
safety, the prosperity of rural areas, the stabilisation and spread of farming practices that conserve 
the soil and reduce erosion, the efficient use of resources, the competitiveness of businesses and 
their rural partners, and water quality. Healthy crops should be grown in such a manner that the 
plants absorb almost all of the available nutrients, thus minimising the risk of them leaching into 
ground and surface waters. The NAP must weigh the potential risks of pesticide use against the 
expected benefits and provide the impetus needed to achieve cooperation and development. The 
affected stakeholders should be viewed as partners and not as adversaries – as was often the case in 
the past. 
 

2. History of Germany’s National Action Plan 
The workshop entitled “Guideline for the Prospective Plant Protection Policy”, which was held by the 
Federal Ministry of Food, Agriculture and Consumer Protection (BMELV) in 2002, marked the start of 
an extensive dialogue on plant protection policy between all relevant stakeholders in Germany. A 
second workshop entitled “Guidelines for Plant Protection Policy – Reduction Programme, 
Communication and Transparency” was held in 2003. The objective was to deepen the discussion 
and to identify ways to reduce the risks associated with the use of pesticides. It was there that the 
first concepts regarding appropriate action to reduce the risks and use of pesticides were developed 
and indicators to monitor the success of these measures were discussed. An Advisory Board, in which 
a number of different governmental and non-governmental organisations and associations are 
represented, was founded to further shape and concretize these policies. The final report of the 
Advisory Board was submitted to the BMELV in 2003. The Reduction Programme Chemical Plant 
Protection (RPCPP) developed on this foundation was presented to the public in 2004. The RPCPP 
was designed as a dynamic programme without time limits; it will be modified in accordance with the 
progress made in implementing the programme. Three annual reports on this programme have been 
published. 
 
The current NAP was published in April 2008 and builds on the RPCPP. The aim of the NAP is to 
further reduce the potential risks arising from the use of pesticides: “In particular, the use of  
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chemical plant protection products must be limited to the necessary minimum in order to avoid their 
unnecessary use and to increase the use of non-chemical plant protection methods”. The main focus 
of such measures is to promote innovation in plant protection and to advance the principles of IPM. 
This will be served by appropriate measures jointly implemented and funded by the Federal 
Government and state governments. The NAP is supported by the Forum led by the BMELV. It 
consists of about 50 different stakeholders à la couleur and meets in December each year. 
 
A third workshop in 2009 agreed on a Key Points Paper (http://nap.jki.bund.de) that marked the start 
of implementing the SUD in Germany. Task forces on the topics of agro-biodiversity, water pollution 
control, risk indicators, and pesticide residues were established in 2010 in order to identify realistic 
targets, measures and indicators. The draft of the revised NAP should be ready for discussion in the 
Forum at the end of 2011 and should be voted on by the federal and state governments in 2012. 
 

3. The “treatment index” and the “necessary minimum” in plant protection 
The “treatment index” (TI) and the “necessary minimum” are key tools used in Germany to describe 
plant protection quantitatively. The TI is defined as the number of pesticide applications at the 
authorised dosage on a defined area. For example, a full dose of a pesticide on a whole field 
corresponds to a TI score of 1.0, and a half-dose on a half-field to a score of 0.25. The use of reduced 
dosages, spot or partial field treatments, and non-chemical or preventive plant protection measures 
substantially reduces the TI. 
 
Surveys to calculate the TI in different crops and sectors in Germany started 1999 with the NEPTUN 
project (Table 1). All relevant plant protection measures used on randomly selected farms were 
analysed by collecting the following data (Roßberg, 2009): date of pesticide application, area of use, 
indication, full name of the plant protection product, applied dose of plant protection product, unit 
of measure of the applied dose, and size of the treated area.  
 
Table 1. Availability of realistic and robust on-farm Treatment Index (TI) scores based on NEPTUN 
surveys in Germany since 2000 (http://nap.jki.bund.de) 

Sector Year of survey 

Arable crops1 

Sugar beets 

Fruits2 

Vineyards 

Strawberry 

Hop 

Vegetables3 

2000 

2000, 2005, 2007, 2009 

2001, 2004, 2007 

2003, 2006, 2009 

2001, 2006, 2007 

2001, 2005, 2008 

2005, 2009 
1 Winter wheat, winter barley, winter rye, triticale, summer barley, oat, oilseed rape, maize, potato. 
2 Apple, pear, plum, cherry. 
3 Lettuce, carrot, asparagus, onion, cabbage, tomato, cucumber, spinach, basil. 
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NEPTUN does not, however, supply information about whether pesticide use was necessary or not. 
To obtain this information, Germany uses the complex and dynamic performance indicator 
“necessary minimum” as a tool to explain certain TI values or differences empirically. By definition, 
the “necessary minimum” is a term used to describe the amount of a pesticide needed to ensure 
crops are successful, not least as regards their economic viability. Furthermore it assumes that all 
other practicable options to prevent and deter harmful organisms have been exhausted and that 
consumer, environment and user protection provisions have been adequately taken into account 
(Freier et al., 2010). In its current form, the “necessary minimum” does not consider economic 
aspects and external effects on decision-making in plant protection in Germany to the necessary 
extent. Bürger et al. (2008) discussed the German concept of the “necessary minimum” 
comprehensively and called for better reflection of best practices and state-of-the-art in plant 
protection.  
 

4. Reference Farms Network 
The Reference Farms Network, a component of the NAP, started in 2007 and exists as a joint project 
of the BMELV, the state plant protection services and the Julius Kühn-Institut. The project focuses on 
surveying representative farms to obtain annual data on pesticide use in primary crops and other 
information relevant to crop protection. All pesticide treatments are evaluated to determine the 
actual pesticide use intensities (based on the TI) and the “necessary minimum” of pesticide use, as 
determined by experts at the plant protection services. The following factors are used to explain 
differences in TI scores between farms, within a region and between regions: field and farm size, soil 
quality, previous crop, tillage, sowing date, cultivar resistance, and the use of decision support 
systems. The data are pooled for four regions and for all of Germany. In arable cropping, the number 
of farms and fields surveyed nationally each year is about 75 and 700, respectively. All data are 
checked for plausibility and entered in an Oracle database. A total of 4183 (2007), 5216 (2008) and 
5665 (2009) arable cropping data sets have been statistically analyzed to date. 
 
The 2007, 2008 and 2009 statistics are important to explain the need for pesticide use and to identify 
main factors for reduction of pesticide use intensity. Reduced-dose sprays are widely used for 
herbicide and fungicide treatments. Increasing problems with resistance are the main reason why 
insecticides are often used at the full authorised doses (Table 2). 
 
The TI did not reveal any trends in arable cropping (Table 3). The high intensity of insecticide use in 
oilseed rape will be analysed in order to identify mitigation potentials (e.g., cases where extension 
and decision support systems should be improved). The TI impacts on the “necessary minimum” 
because it allows experts to decide promptly about the “minimum need” for a given pesticide 
treatment. 
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Table 2. Average pesticide dose reduction from the authorised standard application rate in the 
Reference Farms Network (Freier et al., 2010) 

Crop Category 2007 2008 2009 

Winter wheat  Herbicide 

Fungicide 

Insecticide 

PGR1 

66% 

58% 

87% 

46% 

69% 

60% 

89% 

44% 

68% 

57% 

91% 

44% 

Winter oilseed rape  Herbicide 

Fungicide 

Insecticide 

PGR1 

73% 

86% 

97% 

47% 

74% 

80% 

100% 

52% 

75% 

84% 

100% 

48% 
1 PGR = Plant Growth Regulator. 

 
Table 3. Treatment index (TI) scores in the Reference Farms Network in 2007, 2008 and 2009 (Freier 
et al., 2010) 

Crop Herbicide Fungicide Insecticide 

 2007 2008 2009 2007 2008 2009 2007 2008 2009 

Winter wheat 
Winter barley 
Winter oilseed rape 

1.9 
1.5 
1.6 

2.0 
1.7 
1.8 

1.8 
1.6 
1.7 

1.9 
1.1 
0.6 

2.2 
1.3 
0.9 

2.0 
1.3 
0.9 

1.2 
0.9 
2.3 

1.0 
0.7 
2.3 

1.0 
0.3 
2.8 

 
The data in Table 4 show that all pesticide uses and application rates were justifiable as the 
“necessary minimum” in most cases. Nevertheless, the “necessary minimum” is a very complex and 
dynamic variable. For example, a fungicide applied too early is categorised as “unnecessary”, whilst 
the next application needed to correct this mistake is defined “necessary”. A main advantage of 
tracking the “necessary minimum” is that problems or bottlenecks in pesticide use can be realistically 
identified and counteracted through specific measures or improvements, such as user training and 
optimisation of decision support systems. 
 
Table 4. Percentage of pesticide uses corresponding to the “necessary minimum” in the Reference 
Farms Network (Freier et al., 2010) 

Crop Winter wheat Winter barley Winter oilseed rape 

2007 

2008 

2009 

88.7 

85.8 

89.8 

94.8 

84.9 

86.0 

87.7 

81.8 

87.4 

Total 88.0 87.3 85.6 
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5. SYNOPS risk indicator 
The quantitative target of the current NAP is to reduce the risk potential by a further 25% by the year 
2020, as calculated using statistical means from 1996 to 2005 as the baseline. The SYNOPS model 
(Synoptic Evaluation Model for Pesticides) is used to measure progress towards this goal by 
estimating relative changes in potential risks to aquatic and terrestrial ecosystems associated with 
the use of pesticides. It is imperative to use representative pesticide use data in this model. Different 
data sources can be used in SYNOPS as input for pesticide use. Application strategies can be derived 
from NEPTUN surveys or the reference farms network for regional risk analysis or the domestic 
pesticide sales volumes are used for risk assessments on national level. SYNOPS is used to cross-link 
these data with known characteristics of the pesticide products, as specified in their registration 
documents and instructions for use. After detailed consideration of the uses of a given pesticide, the 
model calculates bioavailability parameters of the pesticide in three compartments: soil, field 
margins and surface waters. The calculated exposure parameters are correlated with the eco-
toxicological effects of the active substance on a given target organism. Figure 1 shows the annual 
progress towards the 25% target since 2006. The current data suggest that the use of fungicides is 
the main obstacle to reaching the target. 
 

 
Figure 1. Developments in the pesticide risk indicator SYNOPS for aquatic and 
terrestrial reference organisms in Germany since 2006 (baseline: statistical means 
from 1996 to 2005). 
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History of integrated pest management (IPM) is about 50 years old. Recently Directive 2009/128/EC 
established a new framework for implementation of the IPM principles. All the EU member states 
have committed to make a plan (NAP) which shows how the policy of sustainable use of pesticides 
can be made practical. Purpose of this study was to make a comparative analysis of the NAP 
development in the Nordic-Baltic countries and to highlight the most relevant differences and 
similarities which should be commonly discussed. Material for the comparative analysis was obtained 
from the IPM experts committed to the NAP process in the Nordic-Baltic countries. Many of the key 
persons were met and interviewed in the 2010 ENDURE Conference. The work is a part of 
PesticideLife project. Some similarities but also many differences were found. Starting points for the 
NAP process have been different. Directive 2009/128/EC has been a moving spirit of the national 
planning in most of the countries. In Denmark national policy for sustainable agriculture has 
announced a broad goal setting which includes the sustainable use of pesticides as one element. 
Expertise, which has been used for writing NAP documents, differs. NAP has been written by few 
experts or a large group of people representing several stakeholders. Goal setting of the plans is 
quite different based on the different starting points and coordination of the NAP process. Timing of 
NAP writing was different, too. Some of the national plans were published before others had started 
the work. The most uniform parts of the plans are training of farmers and active role of extension 
services. Need of research has been described heterogeneously, likewise use of indicators and data 
collection. Public presentation of the IPM issue to consumers will be a common challenge in all the 
countries as well as finding resources for the IPM implementation. 
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The EU directive 2009/128/EC on the sustainable use of pesticides is targeted at reducing health and 
environmental risks of pesticide use. It obliges member states to set up National Action Plans (NAP), 
which shall include targets and measures to reduce risks of pesticide use, and adoption of Integrated 
Pest Management (IPM). From 2014 onwards, IPM principles should be implemented by all 
professional pesticide users in EU. The EC LIFE+ funded project PesticideLife (2010–2013, 
www.mtt.fi/pesticidelife) promotes the objectives of the directive and concentrates on 
demonstration of IPM methods in cereal cultivation, and on transferring IPM information to Nordic-
Baltic region. Nine demonstration farms from Southern and Western Finland are involved in the 
project. The project is coordinated by MTT, partners being Finnish Environment Institute and 
advisory organisation Nylands Svenska Lantbrukssällskap. The tested IPM methods include insect and 
disease forecasting models, pest monitoring, control thresholds, pesticide use at need and follow-up 
of pesticide efficacy. These are principles of an efficient and economic pest control. The development 
of more reliable and easy to use monitoring and warning systems and control thresholds are 
enhancing the control results. A novel plant disease warning system has been tested in practice and 
will be developed further. The successful implementation of IPM requires close involvement of 
farmers, advisors, research and administration, challenging the stakeholders to network and 
knowledge transfer. The environmental risk mitigation of pesticides forms a central element of NAP. 
A new approach of assessing regional risks will be done during the next years. GIS-based pesticide 
use data gathered yearly from 1000 farms by ProAgria advisory services will be extrapolated to cover 
whole Finland by using a geographically located cereal cultivation data. Regional modelling of 
pesticide use supports the new regulation (EC) 1185/2009 concerning statistics on pesticides, and life 
cycle analysis (LCA) of the cereal chain. 
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Autumn ploughing and direct drilling were compared in 2004–2006 to find out, whether direct 
drilling is a risk for grain quality and safety. Other objectives were to determine whether oat and 
barley cultivars exhibited differences in Fusarium infection and mycotoxin contents. Four cultivars of 
malting barley and food oats were included in the trial. Fusarium infection of developing kernels was 
investigated from ear emergence until harvested by sampling every two weeks in the field. 
Trichothecene toxins were analysed of dried grain with GC-MS. Fusarium langsethiae was favored by 
direct drilling while F. poae, the other early infecting species, was most abundant in tilled plots. F. 
avenaceum was also more common under direct drilling while DON-producing species F. culmorum 
was reduced in no-till conditions compared to tillage. This was also observed in other tillage trials in 
Jokioinen, Ylistaro and Mietoinen. Use of glyphosate in direct drilled plots also increased F. culmorum 
infection in grain. F. graminearum- infections were quite similar both in tilled and no-till plots. F. 
sporotrichioides was favoured by direct drilling of barley, but was not affected by cultivation practice 
of oats. As a trichothecene producer F. langsethiae may be more important than F. sporotrichioides 
in Finnish conditions. The DON contents detected in grain remained well below the EU limits 
although F. culmorum and F. graminearum were quite common in grain. F. langsethiae infections 
resulted in T2/HT-2 formation and the contents of these mycotoxins detected were higher on oats 
than on barley. Direct drilling did not increase the DON contents of oats and barley compared with 
autumn ploughing. However, direct drilling is a risk in oat production. The plant debris on soil surface 
seems to keep toxin-forming F. langsethiae alive year after year and oats as a pre-crop to barley can 
increase the toxin risk also on barley. 
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of pesticide efficacy. These are principles of an efficient and economic pest control. The development 
of more reliable and easy to use monitoring and warning systems and control thresholds are 
enhancing the control results. A novel plant disease warning system has been tested in practice and 
will be developed further. The successful implementation of IPM requires close involvement of 
farmers, advisors, research and administration, challenging the stakeholders to network and 
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In an Integrated Pest Management system it is very important to follow all scientifically recognized 
measures to limit plant disease problems. In this project we focused on the importance of variety 
choice to decrease potato tuber diseases. This study uses data from 83 varieties of potatoes grown 
under similar Latvian agroclimatic and soil conditions. Potato tubers were not treated with 
fungicides. Twenty varieties, that potentially could be appropriate to use in integrated plant 
production system or organic farming, were assessed for their level of resistance against common 
scab (Streptomyces scabies Guss), black scurf (Rhizoctonia solanacearum Kühn), powdery scab 
(Spongospora subterranea f.sp. subterranea Lag) and silver scurf (Helminthosporium solani). Only 
23% of the varieties showed healthy tubers and no damage from wireworms (Agriotes obscurus L). 
Experimental data showed that under indentical agroclimatic and soil conditions, some varieties are 
more damaged by wireworm damages than others. The study also showed a positive correlation 
between wireworm damage and the spread of black scurf (r=0.594). Potato black dot, caused by 
Colletotrichum coccodes (Wallr.) S. Hughes, was detected only one year. Under Latvian conditions 
this disease was not correlated to the variety but mainly depended on harvesting technology and 
climatic conditions. Statistical analysis was done by MS Excel data analysis tool “Correlation”. 
Diagnostics of tuber diseases was done visually and with the Bioreba and Adgen Ltd Neogen test kits.  
 
  



 

24th NJF Congress and 2nd NFS Conference 2011 75 

Plenary session, Room L, Tuesday June 14, 13.30–16.30 Abstract no. F15 
 
 

VARIATION IN SPROUTING CAPACITY IN PERENNIAL WEEDS MIGHT AFFECT 
THE EFFICACY OF MECHANICAL WEEDING 

 
Lars Andersson*, Ullalena Boström, Inger Hakman, Josefine Liew and Ewa Magnuski, *Swedish 

University of Agricultural Sciences, Department of Crop Production Ecology, P.O. Box 7043, SE-75007 
Uppsala, Sweden; lars.andersson@slu.se 

 
Glyphosate constitutes a large part of the total amount of herbicides sold to Swedish farmers. It is 
mainly used for control of perennial weeds, especially couch grass, Elymus repens. The alternative, 
mechanical control is to a large extent based on repeated, high-energy requiring, soil cultivations in 
autumn, i.e. during a period when soil cultivations should be avoided due to the risk of increased 
nutrient leakage. Thus, an intensive direct control of perennial weeds seems to be either in clear 
conflict with the environmental goals of reduced nitrogen leaking and reduced use of fossil fuel, or 
the reduction of herbicides. Solving this conflict constitutes one of the large challenges for weed 
control based on IPM. To live up to the environmental goals more knowledge is needed, regarding 
the optimal timing of different control measures. The issue of seasonal variation in sprouting 
capacity, which might affect sensitivity to stubble cultivation, was studied in a project including five 
perennial weed species; E. repens, Cirsium arvense, Equisetum arvense, Sonchus arvensis and 
Tussilago farfara. Root and rhizome material, respectively, was collected from Skåne and 
Västerbotten and planted in pots in Uppsala in spring. Starting late summer pots were exhumed 
every second week, aboveground biomass was cut and pots were placed in a climate room. 
Regrowth of aboveground shoots were recorded after four weeks. Parallel with this, sprouting of 
isolated root/rhizome fragments was tested in Petri-dishes. Results showed inhibition or reduction of 
growth from intact root/rhizome systems during a period in autumn for all species. In addition, the 
reduction of sprouting in isolated fragments of most species indicated that an inhibiting factor other 
than apical dominance was active. In conclusion, knowledge regarding seasonal variation in sprouting 
might be important when predicting the effect of stubble cultivation and avoid non-effective, 
resource requiring control measures. 
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23% of the varieties showed healthy tubers and no damage from wireworms (Agriotes obscurus L). 
Experimental data showed that under indentical agroclimatic and soil conditions, some varieties are 
more damaged by wireworm damages than others. The study also showed a positive correlation 
between wireworm damage and the spread of black scurf (r=0.594). Potato black dot, caused by 
Colletotrichum coccodes (Wallr.) S. Hughes, was detected only one year. Under Latvian conditions 
this disease was not correlated to the variety but mainly depended on harvesting technology and 
climatic conditions. Statistical analysis was done by MS Excel data analysis tool “Correlation”. 
Diagnostics of tuber diseases was done visually and with the Bioreba and Adgen Ltd Neogen test kits.  
 
  



 

76 24th NJF Congress and 2nd NFS Conference 2011 

Plenary session, Room L, Tuesday June 14, 13.30–16.30 Abstract no. F122 
 
 

THE EFFECTS OF CROP ROTATION AND SHORT FALLOW ON THE ABUNDANCE 
OF PERENNIAL SOW-THISTLE (SONCHUS ARVENSIS L.) 

 
Anneli Lundkvist*, Håkan Fogelfors, Lars Ericson and Theo Verwijst, *Swedish University of 

Agricultural Sciences, Department of Crop Production Ecology, P.O. Box 7043, SE-75007 Uppsala, 
Sweden; anneli.lundkvist@slu.se 

 
The occurrence of perennial sow-thistle (Sonchus arvensis L.) has increased in recent years in 
Scandinavia and Finland, probably due to diminished herbicide treatments, and due to traits which 
give S. arvensis a competitive advantage over crops. With the aim to develop more efficient control 
methods, the effects of different crop rotations and short fallow on the performance of S. arvensis 
were studied by means of field trials in Central Sweden. The overall hypothesis was that biomass 
production of S. arvensis would decrease with competition from a crop and with mechanical 
disturbance. The development of S. arvensis under crop competition was assessed during 2005–2009 
by means of two field experiments, each including two rotations with annual crops only, and three 
with a sequence of both annual crops and perennial grass-clover ley, and two cultivation techniques. 
To study the effects of short fallow in the spring, combined with competition of green manure crops, 
three field experiments were performed during 2005–2007, using short fallow techniques together 
with summer fallow and three green manure crops. Statistical analyses were done by ANOVA and 
comparisons were made by Student t-test. At the end of the crop rotations with perennial leys, the 
weed was effectively suppressed (71–98%, P=0.001) and the cereal yields were higher (51–70%, 
P=0.001) compared with crop rotations with annual crops only. In the short fallow experiments the 
amount of S. arvensis was lower (75–93%; P=0.001) and the crop yields were higher (47–145%, 
P=0.001) in plots the year after employment of short fallow together with green manure, compared 
with the control plots. Summer fallow was the most efficient method followed by a combination of 
spring ploughing and disc harrowing. We conclude that S. arvensis can be controlled effectively under 
Nordic conditions by using crop rotations including competitive perennial ley crops and by short 
fallow. 
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Bread wheat (Triticum aestivum) is one of many crop species with origin in the so-called Fertile 
Crescent, the Western Asian region known as the earliest plant domestication centre. Bread wheat is 
a hexaploid species with chromosome pairs from 3 different genomes (A, B and D) and originates 
from a natural hybridization of the wild diploid Aegilops tauschii (D-genome) and the tetraploid 
wheat, Triticum turgidum ssp. dicoccon (A- and B-genome). In general domesticated plants have 
experienced vast phenotypic and genetic changes as a result of domestication. In bread wheat the 
loss of resistance towards fungal diseases has been described. We are focusing on the resistance to 
the plant virus Wheat dwarf virus (WDV) and we hypothesize that the susceptibility of bread wheat 
to WDV is due to the genetic erosion and the loss of resistance during the domestication of wheat. 
We have evaluated eighteen wild relatives of wheat (Aegilops, Triticum, and Amblyopyrum), and wild 
and domesticated diploid, tetraploid and hexaploid wheat (Triticum spp) for traits associated with 
resistance to WDV. The plants were grown in a randomized block design in a greenhouse. Six plants 
of each species were inoculated with WDV using leaf hoppers (Psammotettix alienus) as vectors and 
six plants of each species were untreated and used as control plants. In conclusion, the 18 species 
evaluated displayed a large variation in traits associated with resistance to WDV. The WDV diseased 
plants all displayed reduction in height, biomass weight, number of tillers, number of leaves, number 
of spikelets and discoloration of leaves. However, preliminary analysis indicates that Aegilops species 
containing the D-genome are less severely affected than the Triticum plants containing the A-
genome. 
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methods, the effects of different crop rotations and short fallow on the performance of S. arvensis 
were studied by means of field trials in Central Sweden. The overall hypothesis was that biomass 
production of S. arvensis would decrease with competition from a crop and with mechanical 
disturbance. The development of S. arvensis under crop competition was assessed during 2005–2009 
by means of two field experiments, each including two rotations with annual crops only, and three 
with a sequence of both annual crops and perennial grass-clover ley, and two cultivation techniques. 
To study the effects of short fallow in the spring, combined with competition of green manure crops, 
three field experiments were performed during 2005–2007, using short fallow techniques together 
with summer fallow and three green manure crops. Statistical analyses were done by ANOVA and 
comparisons were made by Student t-test. At the end of the crop rotations with perennial leys, the 
weed was effectively suppressed (71–98%, P=0.001) and the cereal yields were higher (51–70%, 
P=0.001) compared with crop rotations with annual crops only. In the short fallow experiments the 
amount of S. arvensis was lower (75–93%; P=0.001) and the crop yields were higher (47–145%, 
P=0.001) in plots the year after employment of short fallow together with green manure, compared 
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In Norway PCN was recorded in 1955. This resulted in extensive surveys and implementation of 
statutory rules. Regular surveys until the 1990s revealed PCN to occur in 6406 properties. The first 
statutory regulation for PCN appeared in 1956, and prohibited the introduction and spread of PCN 
with soil and plant materials. Before the early 1970:ties control strategies included the use of 
nematicides (fumigants, organophosphates and carbamate) and resistant potato cultivars. The 
distribution of species and pathotypes is of crucial importance for mangement. The yellow species 
Globodera rostochiensis (yPCN) occurs in the pathotypes Ro1, Ro2, and Ro3, while the white species 
G. pallida (wPCN) has been detected in the pathotypes Pa1, Pa2 and Pa3. The most common 
pathotype Ro1 constitutes 98% of total finds. Recently the detections of wPCN and yPCN Ro3 in ware 
potato fields have increased. Today non-virulent G. rostochiensis is managed with crop rotations 
using non-host crops and alternating susceptible and resistant potato. The use of certified seed 
potato is important. Detection of G. pallida or virulent G. rostochiensis results in statutory regulation 
(at least 40-years ban on growing potato). Generally Norwegian potato cultivars have the resistance 
gen, Gro-1 (H1) from Solanum tuberosum ssp. andigena. In Norway great emphasis has been placed 
on documenting freedom of PCN in areas for certified seed potatoes. In 2009 a national survey of 
ware potato land was initiated. The use of early potato and Solanum sisymbriifolium as trap crops, 
and the significance of micro-organisms antagonistic to PCN are considered in current research. 
Norwegian regulations have prevented PCN infestations in the seed potato areas, and reduced 
spread of wPCN and virulent yPCN. A better prognosis of rates of decline in PCN numbers and 
infectivity in fields could allow for a reduction in the quarantine period and improve the economy of 
farmers and enterprises. 
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Abstract 
Barley (Hordeum vulgare) has the potential to offer considerable human nutritional benefits, 
especially as supplement to wheat-based breads. Under current commercial baking conditions it is 
not possible to introduce more that 20% barley flour to the wheat bread without negative impact on 
the physical chemical properties of the bread products due to the poor baking properties of barley 
flour. As a consequence, the nutritional advantages of barley are not fully exploited. The inferior 
leavening and baking properties of barley can, in part, be attributed to the physical properties of the 
storage proteins. Changing the storage protein composition can lessen this problem. Our working 
hypothesis was that exploiting the substantial genetic variation within the gene pool for storage 
proteins could enable improving the baking qualities of barley flour. We characterised forty-nine 
barley cultivars for variations in storage protein and AA composition. These cultivars were selected 
based on their higher protein contents (11.8–17.6%). The results obtained indicated that substantial 
variation not only in the distribution of the hordein polypeptides but also in the relative proportions 
of the storage proteins affecting the AA compositions as well. Studies based on small scaled baking 
trials and protein pattern analysis by SDS-PAGE on the high protein barley cultivars suggested 
differences in baking quality and a correlation between baking quality and the high molecular weight 
(HMW)-storage proteins. Mass spectrometry (Q-TOF) proved the identity of the HMW proteins and 
sequencing the digested peptides also revealed possible post translational modifications of the 
identified HMW hordeins. Our results strongly indicate that the variations in the relative proportions 
of the storage proteins of barley affect both the amino acid compositions and baking quality. 
 
Keywords: barley storage protein, amino acid analysis, protein composition, mass spectrometry, 
baking quality 

 

1. Introduction 
Barley is the world's fourth most widely grown cereal after wheat, maize and rice (Bethke et al., 
2000). Although barley was domesticated around 7,000 BC, it was replaced by wheat in human diet 
as early as first century A.D in the Near East and Mediterranean while in northern Europe; barley 
remained the main food cereal until the 16th century (Newman and Newman, 2008). Today barley 
plant breeding supports its primary use in animal feed formulations and malting. For feed barley, the 
most important characteristics are yield and high protein content (Vincze and Bowra, 2010), however 
high levels of protein and in particularly D-hordein level adversely the performance of the malt 
extract in the brewing process (Howard et al., 1996). 
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In Norway PCN was recorded in 1955. This resulted in extensive surveys and implementation of 
statutory rules. Regular surveys until the 1990s revealed PCN to occur in 6406 properties. The first 
statutory regulation for PCN appeared in 1956, and prohibited the introduction and spread of PCN 
with soil and plant materials. Before the early 1970:ties control strategies included the use of 
nematicides (fumigants, organophosphates and carbamate) and resistant potato cultivars. The 
distribution of species and pathotypes is of crucial importance for mangement. The yellow species 
Globodera rostochiensis (yPCN) occurs in the pathotypes Ro1, Ro2, and Ro3, while the white species 
G. pallida (wPCN) has been detected in the pathotypes Pa1, Pa2 and Pa3. The most common 
pathotype Ro1 constitutes 98% of total finds. Recently the detections of wPCN and yPCN Ro3 in ware 
potato fields have increased. Today non-virulent G. rostochiensis is managed with crop rotations 
using non-host crops and alternating susceptible and resistant potato. The use of certified seed 
potato is important. Detection of G. pallida or virulent G. rostochiensis results in statutory regulation 
(at least 40-years ban on growing potato). Generally Norwegian potato cultivars have the resistance 
gen, Gro-1 (H1) from Solanum tuberosum ssp. andigena. In Norway great emphasis has been placed 
on documenting freedom of PCN in areas for certified seed potatoes. In 2009 a national survey of 
ware potato land was initiated. The use of early potato and Solanum sisymbriifolium as trap crops, 
and the significance of micro-organisms antagonistic to PCN are considered in current research. 
Norwegian regulations have prevented PCN infestations in the seed potato areas, and reduced 
spread of wPCN and virulent yPCN. A better prognosis of rates of decline in PCN numbers and 
infectivity in fields could allow for a reduction in the quarantine period and improve the economy of 
farmers and enterprises. 
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There is renewed interest in developing barley for application in the food sector as a result of the 
increased recognition of the potential human nutritional benefits (Baik and Ullrich, 2008). In 
particular, there is considerable focus on supplementing wheat based breads with barley to 
introduce the inherent nutrition advantages present in barley flour. However, under current 
commercial baking conditions it is not possible to introduce more that 20% barley flour without 
conferring a negative impact on the physical chemical properties of the bread products. As a 
consequence, the nutritional advantages of barley are not fully exploited. The favourable baking 
properties of wheat flour are thought to be mainly due to the physical chemical properties of the 
gluten fraction of storage proteins that represent 40–60% of the protein fraction within the 
endosperm (Jubasz et al., 2003). Gluten is composed of high molecular weight glutenins and low 
molecular glaidins. During the preparation of bread dough the gluten complex forms a continuous 
proteinaceous and viscoelastic network due to the interaction between the glutenins and gliadins, 
facilitated by complex inter- and intra-molecular covalent and non-covalent bonding. The high 
molecular weight (HMW) glutenins are thought to dominate the polypeptide network responsible for 
the visco-elastic properties of dough (Shewry and Halford, 2002) Different roles can be attributed to 
the glutenins, according to their size and structure. Besides the effects of the different storage 
protein alleles and combination of alleles according to genotypes, the relative amounts and ratios of 
the individual protein fractions also affect the development of the gluten network and the dough 
properties (Jubasz et al., 2003). Currently it is thought that the inferior leavening and baking 
properties of barley flour can, in part, be attributed to the physical chemical properties of the storage 
proteins.  
 
Barley and wheat genomes are very closely related. The corresponding region in the wheat genomes 
contains genes that encode similar storage protein to those found in barley grain (Table 1).  
 
Table 1. Prolamin composition of wheat and barley (modified from Shewry et al., 1999) 

High mol. weight (HMW) Low mol. weight (LMW) S-poor Low mol. weight (LMW) S-rich 

Wheat HMW 
glutenins 

Barley 
D-hordein 

Wheat 1D 
ω-gliadin 

Barley 
C-hordein 

Wheat 
γ-gliadin 

Barley 
B-hordein 

Barley 
γ-hordein 

 
The HMW glutenins in wheat and the hordeins in barley have been intensively studied in the last 
century, in the 60’s and 70’s. However, remarkably few of the genes encoding the different types of 
storage proteins have been cloned. Likewise, the identification of the individual polypeptides and the 
understanding of their temporal expression and accumulation pattern are still in their infancy. In 
recent microarray studies we have been able to show that different members of the B, D and 
gamma-hordein families are expressed different developmental stages during grain filling (Hansen et 
al., 2009). Using DNA microarray as part of a genomic-assisted breeding approach is a promising 
technique that could provide new information about relevant gene expressions (Vincze and Bowra, 
2010). The results of these studies could be used to screen existing cultivars for the required traits, 
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which is in our case the storage protein expression pattern relevant for baking quality. Therefore 
studying the effect of barley storage protein composition on the dough structure and performance is 
essential, in order to improve the utility of barley flour in bread making.  
 
The overall objective of our project is to develop barley varieties with good bread making qualities 
which in turn enhances the nutritional quality and value of bread, a staple food. To achieve this, 
barley cultivars with higher protein content (11.9–17.6%) were screened and we studied the 
correlation between storage protein composition, AA composition and overall performance of barley 
dough structure and performance. Variation in the protein composition for possible key traits was 
identified.  

 

2. Material and methods 
Plant growth condition: Plants were grown in Stende Breeding Station, Latvia in standard agricultural 
condition in 15–20 m2 plots. Hordein isolation and separation: We followed the procedure described 
by Nielsen (2009). Amino acid extraction and measurement and protein analysis: as described in 
Waters instruction manual. 
 

3. Results and discussion 
Currently elite cultivars of the barley produce between 8–13% proteins depending on the nitrogen 
fertilisation regime. The forty-nine barley cultivars used in this study were selected because of their 
high protein content (11.8–17.6%). The cultivars selected where originally sourced from a very wide 
range of region throughout the world, however for the study the material was multiplied in one 
location, the Stende Breeding Station, in Latvia. The geographical origin and protein content showed 
no correlation (data not shown). We studied the cultivars for biochemical variations in storage 
protein and AA composition. Using an improved protocol for hordein separation on sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE; Nielsen, 2009) allowed the identification of a 
wide range of variation with respect to hordein complement within the cultivars (representative 
samples in Figure 1). 
 
The total AA composition of barley flour was determined using AccQ Tag Ultra AA derivatisation 
system designed for the Acquity Ultra Performance Liquid Chromatography (Waters Corporation, 
Milford, USA). The results indicated that there are variations not only in the distributions of the 
hordein polypeptides but also in the relative proportions of the storage proteins affecting the AA 
compositions. 
 
Furthermore the baking qualities of these cultivars were studied using the mix of 40% barley and 60% 
wheat flour and/or 50% barley and 50% wheat flour in small scale baking trials (representative 
samples of the 50/50% mix in Figure 3). Some of the cultivars had better baking quality and the 
better baking quality correlated with the higher MW protein band(s) (Figure 1, plain arrows).  
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There is renewed interest in developing barley for application in the food sector as a result of the 
increased recognition of the potential human nutritional benefits (Baik and Ullrich, 2008). In 
particular, there is considerable focus on supplementing wheat based breads with barley to 
introduce the inherent nutrition advantages present in barley flour. However, under current 
commercial baking conditions it is not possible to introduce more that 20% barley flour without 
conferring a negative impact on the physical chemical properties of the bread products. As a 
consequence, the nutritional advantages of barley are not fully exploited. The favourable baking 
properties of wheat flour are thought to be mainly due to the physical chemical properties of the 
gluten fraction of storage proteins that represent 40–60% of the protein fraction within the 
endosperm (Jubasz et al., 2003). Gluten is composed of high molecular weight glutenins and low 
molecular glaidins. During the preparation of bread dough the gluten complex forms a continuous 
proteinaceous and viscoelastic network due to the interaction between the glutenins and gliadins, 
facilitated by complex inter- and intra-molecular covalent and non-covalent bonding. The high 
molecular weight (HMW) glutenins are thought to dominate the polypeptide network responsible for 
the visco-elastic properties of dough (Shewry and Halford, 2002) Different roles can be attributed to 
the glutenins, according to their size and structure. Besides the effects of the different storage 
protein alleles and combination of alleles according to genotypes, the relative amounts and ratios of 
the individual protein fractions also affect the development of the gluten network and the dough 
properties (Jubasz et al., 2003). Currently it is thought that the inferior leavening and baking 
properties of barley flour can, in part, be attributed to the physical chemical properties of the storage 
proteins.  
 
Barley and wheat genomes are very closely related. The corresponding region in the wheat genomes 
contains genes that encode similar storage protein to those found in barley grain (Table 1).  
 
Table 1. Prolamin composition of wheat and barley (modified from Shewry et al., 1999) 

High mol. weight (HMW) Low mol. weight (LMW) S-poor Low mol. weight (LMW) S-rich 

Wheat HMW 
glutenins 

Barley 
D-hordein 

Wheat 1D 
ω-gliadin 

Barley 
C-hordein 

Wheat 
γ-gliadin 

Barley 
B-hordein 

Barley 
γ-hordein 

 
The HMW glutenins in wheat and the hordeins in barley have been intensively studied in the last 
century, in the 60’s and 70’s. However, remarkably few of the genes encoding the different types of 
storage proteins have been cloned. Likewise, the identification of the individual polypeptides and the 
understanding of their temporal expression and accumulation pattern are still in their infancy. In 
recent microarray studies we have been able to show that different members of the B, D and 
gamma-hordein families are expressed different developmental stages during grain filling (Hansen et 
al., 2009). Using DNA microarray as part of a genomic-assisted breeding approach is a promising 
technique that could provide new information about relevant gene expressions (Vincze and Bowra, 
2010). The results of these studies could be used to screen existing cultivars for the required traits, 
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Figure 1. Storage protein separation by gradient 4-1 to 12: 
different barley cultivars; plain arrows to the right indicate 
good, while crossed arrow to the left indicates bad baking 
qualities; B, C and D indicate protein bands corresponding to 
B-, C- and D-hordein families. 
 

 
Figure 2. Total AA profile (g/100g) 12% SDS-PAGE, measured by ultra performance liquid 
chromatography. 
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Figure 3. Baking trials with different cultivars. The dough mix contains 50% 
barley and 50% wheat flour. Light grey squares indicate good baking quality, 
while dark squares (IC360, Orzo Nudo and X-4) indicate bad baking quality. 
 
The HMW protein band implemented in baking quality of the barley bread was identified as Hordein 
D using UPLC.MS (Q-TOF) A chymotripsin digest of the target protein in the gel resulted in approx 
60% sequence coverage by analysis with Biopharmalynx program (Waters Corporation, Milford, USA) 
(Figure 4). Higher sequence coverage would be expected if both chymotrypsin and trypsin would be 
used to digest the peptide as this would result in overlapping peptides of optimal mass range 
(experiments are in progress). Mass spectrometry proved that the protein band is D-hordein. So far 
our MS analysis revealed no major differences on the 5’ or 3’ ends of the proteins among the studied 
cultivars (data not shown), although they showed different D-hordein pattern and/or MW during the 
SDS-PAGE separation (Figure 1). The positive contribution of these HMW proteins to baking quality 
may due to the difference in the number of the repetitive motifs in the protein. The part of the 
protein containing these motifs was not available for the MS study due to the poor protease 
digestibility of these parts of the protein.  
 
Cloning D-hordein coding genes from the different cultivars will make possible the direct comparison. 
The work is in progress. Another possible explanation for the differences is different post 
translational modification as the MS analysis also revealed post translational modifications of the 
identified hordein, which needs further investigation (Dionisio et al., unpublished). 
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Figure 4. D hordein: MS coverage after chymotrypsin digest; bold letters indicate amino 
acids from peptides that match known D-hordein protein sequences. 
 

4. Conclusion 
Studies based on a large number of high protein barley cultivars suggest differences in baking quality 
and correlation between baking quality and D-hordeins. These variations could be further exploited 
in conventional breeding programs as well as by genetic modification to increase this crop baking 
qualities. Generation of transgenic barley where particular activities are modulated via introduction 
of additional genomic copies of relevant hordein homologues or the selective knockout of these 
activities via RNAi techniques may help to clarify the involvement of these proteins in the baking 
quality.  
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STABILITY OF YIELD AND QUALITY PARAMETERS OF WINTER WHEAT IN 
ESTONIA 

 
Reine Koppel* and Anne Ingver, *Jõgeva PBI, Aamisepa 1, Jõgeva alevik, 48 309, Estonia; 

reine.koppel@jpbi.ee 
 
It is desirable that yield and quality traits maintain as stable as possible over environments. Protein 
content (PC) is usually the key quality factor for buyers of hard wheat. In baking methods involving 
long fermentation time dough stability time (DST) is an important character. The objective of this 
study was to determine stability of Y, PC and DST of 12 winter wheat varieties widely cultivated in 
Estonia. Yield trials (3 reps, N 105 kg ha–1) and quality analyses (PC in 3 reps, DST by farinograph in 1 
rep per year) were carried out at the Jõgeva PBI during 2005–2010. Stability analyses were based on 
coefficient of variation (CV) and Cultivar Superiority Measure (Pi). The variation of the average Y level 
was 4.9–6.5 t ha-1. There was strong correlation between Pi and CV for Y (r=0.896 P<0.001) – varieties 
having high average yield and low Pi value had also lower CV value (Širvinta 1, Lars, Olivin). These 
genotypes had high and stabile yield through the years. The average value of PC of different 
genotypes varied from 10.8 to 12.9%. There was no correlation between CV and Pi for PC. Ada and 
Tarso, which had good (low) Pi value, had CV in average level. Ramiro, which had quite low Pi value, 
also had one of the highest CV value. DST varied from 3.7 to 9.3 BU. There was negative correlation 
between Pi and CV for DST (r=-0.857 P<0.05). Genotypes with lower Pi and higher CV value were 
Portal, Ramiro, Ada and they had also higher average DST value. The environment influenced the 
genotype’s traits differently and it expressed also in the values of stability characteristics. 
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LENTIL – A NEW CROP FOR FINLAND 
 

Clara Lizarazo* and Frederick Stoddard, *University of Helsinki, Department of Agricultural Sciences, 
P.O. Box 27 (Latokartanonkaari 5), FI-00014 Helsinki, Finland; clara.lizarazotorres@helsinki.fi 

 
Finnish agriculture is based on cereal cultivation and nearly half of the total utilized agricultural area 
(2 295 thousand ha) is used for cultivating barley, oat, wheat, and rye. In contrast, less than 1% is 
used for cultivating grain legumes, mainly pea and faba bean for feed purposes. As a result, Finland 
has a major dependence on inorganic fertilizers and imported vegetable protein. The Nordic region 
has many consumers that need gluten-free products and vegetable protein, so there is a potential 
demand for locally grown grain legumes such as lentil. After a promising preliminary trial in 2009, 12 
cultivars of lentils were screened in Helsinki in 2010, 11 from the Crop Development Centre, 
University of Saskatchewan, Canada, and one from the Department of Crop Sciences, University of 
Göttingen, Germany. The experiment was laid out as a randomized complete block trial with four 
replicates; data on radiation interception, flowering and maturity were collected during the growing 
season. Growing degree-days (GDD) were calculated using a 5°C base temperature. The 2010 
growing season was exceptionally warm and most cultivars performed well, except Sovereign and 
Sedley that lodged and matured late. There were significant differences in earliness (P<0.001), the 
earliest cultivar being Rosetown (901 GDD to maturity), and the latest Sedley (1214 GDD). There 
were no significant differences in yield (P=0.111), the average being 1.49 t/ha. Cultivar Meteor was 
the highest yielding with 1.86 t/ha but it lodged, whereas cvs Redbow, Redcoat, Rosetown and 
Milestone yielded between 1.5–1.6 t/ha and showed few problems in cultivation, so further 
experiments will focus on them. In conclusion, lentil cultivation is feasible in Finland, and further 
trials will be run in 2011. 
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It is desirable that yield and quality traits maintain as stable as possible over environments. Protein 
content (PC) is usually the key quality factor for buyers of hard wheat. In baking methods involving 
long fermentation time dough stability time (DST) is an important character. The objective of this 
study was to determine stability of Y, PC and DST of 12 winter wheat varieties widely cultivated in 
Estonia. Yield trials (3 reps, N 105 kg ha–1) and quality analyses (PC in 3 reps, DST by farinograph in 1 
rep per year) were carried out at the Jõgeva PBI during 2005–2010. Stability analyses were based on 
coefficient of variation (CV) and Cultivar Superiority Measure (Pi). The variation of the average Y level 
was 4.9–6.5 t ha-1. There was strong correlation between Pi and CV for Y (r=0.896 P<0.001) – varieties 
having high average yield and low Pi value had also lower CV value (Širvinta 1, Lars, Olivin). These 
genotypes had high and stabile yield through the years. The average value of PC of different 
genotypes varied from 10.8 to 12.9%. There was no correlation between CV and Pi for PC. Ada and 
Tarso, which had good (low) Pi value, had CV in average level. Ramiro, which had quite low Pi value, 
also had one of the highest CV value. DST varied from 3.7 to 9.3 BU. There was negative correlation 
between Pi and CV for DST (r=-0.857 P<0.05). Genotypes with lower Pi and higher CV value were 
Portal, Ramiro, Ada and they had also higher average DST value. The environment influenced the 
genotype’s traits differently and it expressed also in the values of stability characteristics. 
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FOOD QUALITY OF ORGANICALLY PRODUCED PRIMITIVE WHEAT 
 

Abrar Hussain*, Ali Hafeez Malik and Eva Johansson, *The Swedish University of Agricultural Sciences, 
Department of Agriculture – Farming Systems, Technology and Product Quality, P.O. Box 104, 

SE-23053 Alnarp, Sweden; abrar.hussain@slu.se 
 
Primitive wheat includes both Einkorn (Triticum monococcum) and Emmer (Triticum dicoccum). In 
present study we have evaluated primitive wheat for its nutritional components i.e. proteins, 
minerals and antioxidants. The seed samples primitive wheat genotypes for this study were collected 
from Nordic Gene Bank. These samples were grown organically in Alnarp, Sweden during 2006–2007 
with two replications. After harvesting the spikes were threshed manually and grains were stored at 
8oC until analysis. The milling of 20g grains of each sample was done by using laboratory mill. 
Concentrations of five nutritionally important minerals i.e. Fe, Mg, Zn, Ca and B in the flour were 
determined by Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-OES) among different 
primitive wheats. The dried wheat flour samples (0.5g each) were digested with microwave digester 
using 10 ml of concentrated nitric acid and diluted to 100ml before submitting to ICP-OES. ANOVA 
was applied to see the significance in the data. Significant variation among all the genotypes was 
found as related to mineral concentration (P<0.05). The results were also compared with the 
previous findings that have been carried out in conventional conditions and we found that the 
present study showed higher concentration than previous studies. We have also anlysed the 
percentage of minerals that we can obtain by consuming the organic wheat flour. This calculation 
was done on the basis of FAO data for daily food consumption. The results revealed that 
consumption of organically produced primitive wheat can provide the minerals near to our daily 
requirements. On the basis of these results we can conclude that using specific variety in organic 
farming system might be a source of high minerals in the grain. Thus, breeders can use primitive 
wheats in future breeding to develop new varieties with higher mineral concentration. 
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THE BREEDING AND PROTECTION OF HERBACEOUS ORNAMENTAL PLANTS IN 
LITHUANIA 

 
Gitana Štukėnienė*, Regina Juodkaitė and Audrius Skridaila, *Botanical Garden of Vilnius University, 

Kairenu str. 43, Vilnius, LT-10239, Lithuania; stukeniene@gmail.com 
 
The Botanical Garden of Vilnius University is taking part in the National programme on Plant Genetic 
Recources since 1994. Botanical Garden performs activities as a Coordination Centre for Ornamental 
Plants Genetic Resources, and manages the Central European data base for Ribes and Rubus genera. 
There are about 10000 plant accessions from 190 families and 866 genera in the collections Botanical 
Garden. The collection of woody plants includes more than 2500 specimens. Field collections are 
established for the conservation of the genetic resources of ornamental plants. At present, there are 
about 600 flower taxa developed by Lithuanian plant breeders. Therefore, collection, preservation, 
investigation and evaluation of Lithuanian flower genetic resources are a new trend for researches, 
not only in the botanical gardens, but for researches of other scientific institutions in the country as 
well. Lithuanian flower breeders released a lot of new cultivars of Crocus, Dahlia, Gladiolus, 
Hemerocallis, Iris, Lilium, Paeonia, Primula, Tulipa and some others. One of the aims is to collect, 
investigate, evaluate and describe according to the appropriate descriptors flower cultivars created 
by Lithuanian breeders. Obtained data enable to select the most valuable ornamental plant cultivars 
and to develop suitable growing system for effective preservation and rational use of plant genetic 
resources. Lithuanian flower cultivars are good adapted to local climate conditions, tolerant or 
resistant to fungal diseases and it make a possibility to foster usage of flower cultivars for parterre, 
landscape gardening and other purposes. A group of ornamental plant cultivars were put on the 
national list of plant genetic resources: 48 cultivars of Paeonia, 4 cultivars of Primula, 41 cultivars of 
Iris, 15 cultivars of Gladiolus, 8 cultivars of Dahlia and 5 acessions of wild flora (Helianthemum 
nummularium, Tulipa bifloriformis, Trolius europaeus, Salvia officinalis f. rubicunda and Lathyrus 
maritimus. 
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Abrar Hussain*, Ali Hafeez Malik and Eva Johansson, *The Swedish University of Agricultural Sciences, 
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SE-23053 Alnarp, Sweden; abrar.hussain@slu.se 
 
Primitive wheat includes both Einkorn (Triticum monococcum) and Emmer (Triticum dicoccum). In 
present study we have evaluated primitive wheat for its nutritional components i.e. proteins, 
minerals and antioxidants. The seed samples primitive wheat genotypes for this study were collected 
from Nordic Gene Bank. These samples were grown organically in Alnarp, Sweden during 2006–2007 
with two replications. After harvesting the spikes were threshed manually and grains were stored at 
8oC until analysis. The milling of 20g grains of each sample was done by using laboratory mill. 
Concentrations of five nutritionally important minerals i.e. Fe, Mg, Zn, Ca and B in the flour were 
determined by Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-OES) among different 
primitive wheats. The dried wheat flour samples (0.5g each) were digested with microwave digester 
using 10 ml of concentrated nitric acid and diluted to 100ml before submitting to ICP-OES. ANOVA 
was applied to see the significance in the data. Significant variation among all the genotypes was 
found as related to mineral concentration (P<0.05). The results were also compared with the 
previous findings that have been carried out in conventional conditions and we found that the 
present study showed higher concentration than previous studies. We have also anlysed the 
percentage of minerals that we can obtain by consuming the organic wheat flour. This calculation 
was done on the basis of FAO data for daily food consumption. The results revealed that 
consumption of organically produced primitive wheat can provide the minerals near to our daily 
requirements. On the basis of these results we can conclude that using specific variety in organic 
farming system might be a source of high minerals in the grain. Thus, breeders can use primitive 
wheats in future breeding to develop new varieties with higher mineral concentration. 
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THE WINTER HARDINESS PUZZLE: IS THERE A CONNECTION BETWEEN THE 
VERNALIZATION REQUIREMENT AND FROST TOLERANCE OF WINTER 

RAPESEED CULTIVARS? 
 

Wendy M. Waalen*, Jorunn E. Olsen, Ragnar Eltun and Odd Arne Rognli, *Norwegian Institute for 
Agricultural and Environmental Research, Arable Crops Division, N-2849 Kapp, Norway; 

wendy.waalen@bioforsk.no 
 
The purpose of this study is to determine if there is a relationship between vernalization saturation 
and the maintenance of frost tolerance in winter rapeseed (Brassica napus) under field conditions 
throughout the winter. Eighteen winter rapeseed cultivars were screened for vernalization 
requirement in a controlled growth room experiment. Two cultivars with differing vernalization 
requirements were chosen for further study during the winter of 2010/11. The vernalization 
saturation and frost tolerance of the two cultivars under field conditions at the Apelsvoll Research 
Station, Norway, was compared on five different dates throughout the winter. Results will be 
available at the time of the congress. Plants which have an obligate requirement for vernalization, 
such as winter rapeseed, must be exposed to low temperatures in order to induce reproductive 
development. The frost hardiness of plant tissues dramatically decreases once a plant switches from 
vegetative to reproductive stages (Mahfoozi et al., 2001, Ann. Bot. 87, 751–757), and as such it is 
important that stem elongation and flowering are delayed until there is no longer a risk of frost, to 
ensure plant survival and reproduction. Experiments with winter wheat have shown that short day 
length can delay reproductive development for some time, but maximum frost tolerance under short 
day field conditions occurs about one month after vernalization saturation (Bergjord et al., 2009, 
Can. J. Plant Sci. 89, 1031–1039). Mahfoozi et al. (2006, Field Crop Research 97, 182–187) suggest 
that the mechanisms for extending the vegetative phase in regions with long, mild winters may be 
more important for winter survival than a high maximum attainable level of frost tolerance. If our 
hypothesis is correct, this work would support the selection of cultivars with long vernalization 
requirements which maintain frost tolerance for a longer period of time, thereby improving the frost 
tolerance and winter hardiness of winter rapeseed under some conditions.  
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Water deficit is the major environmental constraint to the production and yield stability of faba bean 
(Vicia faba L.). Leaf traits and related physiological traits could be used for screening faba beans to 
achieve drought tolerance. A set of 400 faba bean accessions was chosen according to the principles 
of “Focused Identification of Germplasm Strategy (FIGS)” with the aim of identifying different kinds 
of drought-adaptation traits from 200 dry-adapted and 200 wet-adapted accessions. The experiment 
is conducted in well watered greenhouse conditions in a randomized complete block design with 4 
replicates of single plants. Morphological and physiological traits including stomatal frequency and 
size, leaf gas exchange, leaf area and leaf temperature have been examined on leaves of consistent 
age in the wet-adapted accessions and all showed significant variation among accessions (P<0.001). 
Stomatal frequency varied from 29.4 to 91.4 per mm2, stomatal length from 42.0 to 62.8 µm and 
stomatal width from 25.8 to 47.2 μm. Stomatal frequency was strongly and negatively correlated to 
stomatal size (P<0.001) and to leaf area (P<0.001). Stomatal conductance varied between 0.043 and 
0.618 mol m-2 s-1 and showed a strong and positive correlation with stomatal length (r=0.68, 
P<0.001). The dry-adapted germplasm is currently under evaluation. Biochemical traits, including leaf 
sugar content and wax content, are being determined on samples taken from both sets. Broader 
ranges of morpho-physiological traits have been measured in this germplasm set than have been 
reported from smaller surveys in the literature. Stomatal conductance is the most informative of the 
stomatal traits and it remains to be seen which of the biochemical traits is most informative. 
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THE WINTER HARDINESS PUZZLE: IS THERE A CONNECTION BETWEEN THE 
VERNALIZATION REQUIREMENT AND FROST TOLERANCE OF WINTER 

RAPESEED CULTIVARS? 
 

Wendy M. Waalen*, Jorunn E. Olsen, Ragnar Eltun and Odd Arne Rognli, *Norwegian Institute for 
Agricultural and Environmental Research, Arable Crops Division, N-2849 Kapp, Norway; 

wendy.waalen@bioforsk.no 
 
The purpose of this study is to determine if there is a relationship between vernalization saturation 
and the maintenance of frost tolerance in winter rapeseed (Brassica napus) under field conditions 
throughout the winter. Eighteen winter rapeseed cultivars were screened for vernalization 
requirement in a controlled growth room experiment. Two cultivars with differing vernalization 
requirements were chosen for further study during the winter of 2010/11. The vernalization 
saturation and frost tolerance of the two cultivars under field conditions at the Apelsvoll Research 
Station, Norway, was compared on five different dates throughout the winter. Results will be 
available at the time of the congress. Plants which have an obligate requirement for vernalization, 
such as winter rapeseed, must be exposed to low temperatures in order to induce reproductive 
development. The frost hardiness of plant tissues dramatically decreases once a plant switches from 
vegetative to reproductive stages (Mahfoozi et al., 2001, Ann. Bot. 87, 751–757), and as such it is 
important that stem elongation and flowering are delayed until there is no longer a risk of frost, to 
ensure plant survival and reproduction. Experiments with winter wheat have shown that short day 
length can delay reproductive development for some time, but maximum frost tolerance under short 
day field conditions occurs about one month after vernalization saturation (Bergjord et al., 2009, 
Can. J. Plant Sci. 89, 1031–1039). Mahfoozi et al. (2006, Field Crop Research 97, 182–187) suggest 
that the mechanisms for extending the vegetative phase in regions with long, mild winters may be 
more important for winter survival than a high maximum attainable level of frost tolerance. If our 
hypothesis is correct, this work would support the selection of cultivars with long vernalization 
requirements which maintain frost tolerance for a longer period of time, thereby improving the frost 
tolerance and winter hardiness of winter rapeseed under some conditions.  
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EFFECTS OF CLONE AND CUTTING TRAITS ON SHOOT EMERGENCE AND EARLY 
GROWTH OF WILLOW 
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Agricultural Sciences, Department of Crop Production Ecology, P.O. Box 7043, SE-75007 Uppsala, 
Sweden; stina.edelfeldt@slu.se 

 
Pre-emergence variation in cuttings used to establish willow plantations may lead to plant size 
differences during early establishment. Early size variation gives rise to a size hierarchy, which 
enlarges over time and leads to mortality and gaps in the stands. To assess if size differences 
between plants in establishing stands may be caused by pre-emergence differences between 
cuttings, an outdoor experiment in 30 soil-filled boxes was conducted during 2008 at Ultuna, 
Uppsala. A completely randomized factorial design with 1920 cuttings of 5 clones, 3 lengths, 8 or 16 
positions along a gradient from basal to apical on long shoots, and 2 replicates was used and 
harvested after six weeks. Plant responses (survival, sprouting in terms of emergence time and shoot 
number, and growth in terms of shoot size, weight and leaf area) were quantified as functions of 
clone, cutting length, diameter, position, and field storage time. Variance analyses showed that 
longer and thicker cuttings produced more and taller shoots and more biomass compared to shoots 
from shorter and thinner cuttings (P<0.05). Cuttings derived from apical positions displayed for a 
given diameter a higher shoot biomass production than cuttings derived from the basal parts 
(P<0.05). At a given diameter, the probability of a more advanced bud development increased with 
position (P<0.05). A two-week outdoor storage of long shoots led to a decrease in early biomass 
production (P<0.05). We conclude that the planting material and system based on long shoots 
comprises a considerable amount of pre-emergence variation in cuttings, which underlies size 
variation development during early establishment of willow plantations. To obtain a faster and more 
even establishment, we recommend the use of larger and more even-sized cuttings coming from 
long shoots of which apical parts are removed, and employment of the shortest possible field storage 
time. 
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SOIL MANAGEMENT AND GHG EMISSIONS 
 

Lars Bakken, Norwegian University of Life Sciences, Department of Plant and Environmental Sciences 
(IPM), P.O. Box 5003, N-1432 Ås, Norway; lars.bakken@umb.no 

 

Abstract 
Historically, inadequate soil management has effectively destroyed the sustainability of many 
civilizations, primarily due to salt accumulation and/or erosion. The problem was solved by moving 
food production to other areas, but this is not an option today. In addition, we have a new challenge; 
what we do to our soils may affect the emissions of greenhouse gases. This sets the biological 
functions of the soils on the scientific agenda. Many soil biological functions are extremely robust, 
but the biological transformations of methane (CH4) and nitrous oxide (N2O) appears to be an 
exception. Both CH2 oxidation and the various processes leading to N2O emissions are responding 
quite significantly to soil management. Methane oxidation is primarily important as a “scrubber” for 
methane produced in deeper anoxic soil layers (peatland). N2O, on the other hand may be produced 
in large quantities in drained soil, primarily by denitrification. A crucial aspect of soil management 
regarding N2O emission is in which way the N2O/N2 product ratio is affected. Our understanding of 
the regulatory biology and ecology of the organisms involved has increased radically over the last 
decade, but this knowledge has not yet resulted in design of adequate mitigation options. One 
apparently “trivial” option appears to be a careful management of soil pH. Experiments with model 
organisms and soils have demonstrated a pervasive control of the N2O/N2 product ratio, and the 
mechanisms behind this phenomenon is about to be unravelled. More sophisticated options may be 
unravelled by improved understanding of the biology involved. 
 

1. Stranded civilizations 
Most food production takes place on cultivated soils, and will continue to do so for a long time. Since 
the beginning our civilization, we have struggled with variable success, to sustain the productivity of 
the soils we use. China is a striking success story, in contrast to several other societies which have 
been forced to move to new areas because their way of cultivation has effectively degraded the soil 
by salt accumulation or erosion. The Easter Island is an extreme case; the polynesian population on 
this island were trapped there since they could not make ships (no forests left) at the time when 
harvests declined due to soil degradation. As a result, their civilization declined along a barbaric path 
of starvation, tribal wars and cannibalism. The world population, although fairly well fed till now, is 
also stranded, not on an island but on a small planet with limited soils left to be cultivated. A good 
reason to take sustainable soil management serious… 
 

2. What are the challenges?  
Erosion and salinization remains the main issue in many areas, although efficient technologies to 
avoid these perils exist. Soil compaction by heavy machinery is possibly an issue as well. Less 
 
  

 

92 24th NJF Congress and 2nd NFS Conference 2011 

Plenary session, Room K, Wednesday June 15, 13.30–16.30 Abstract no. C174 
 
 

EFFECTS OF CLONE AND CUTTING TRAITS ON SHOOT EMERGENCE AND EARLY 
GROWTH OF WILLOW 

 
Stina Edelfeldt*, T. Verwijst, A. Lundkvist, J. Forkman and N. E. Nordh, *Swedish University of 

Agricultural Sciences, Department of Crop Production Ecology, P.O. Box 7043, SE-75007 Uppsala, 
Sweden; stina.edelfeldt@slu.se 

 
Pre-emergence variation in cuttings used to establish willow plantations may lead to plant size 
differences during early establishment. Early size variation gives rise to a size hierarchy, which 
enlarges over time and leads to mortality and gaps in the stands. To assess if size differences 
between plants in establishing stands may be caused by pre-emergence differences between 
cuttings, an outdoor experiment in 30 soil-filled boxes was conducted during 2008 at Ultuna, 
Uppsala. A completely randomized factorial design with 1920 cuttings of 5 clones, 3 lengths, 8 or 16 
positions along a gradient from basal to apical on long shoots, and 2 replicates was used and 
harvested after six weeks. Plant responses (survival, sprouting in terms of emergence time and shoot 
number, and growth in terms of shoot size, weight and leaf area) were quantified as functions of 
clone, cutting length, diameter, position, and field storage time. Variance analyses showed that 
longer and thicker cuttings produced more and taller shoots and more biomass compared to shoots 
from shorter and thinner cuttings (P<0.05). Cuttings derived from apical positions displayed for a 
given diameter a higher shoot biomass production than cuttings derived from the basal parts 
(P<0.05). At a given diameter, the probability of a more advanced bud development increased with 
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even establishment, we recommend the use of larger and more even-sized cuttings coming from 
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time. 
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attention has been paid to the biology of the soils. Are the biological functions of the soils threatened 
in any way? Is there anything we do which can possibly threaten the biological functions which are 
essential for the productivity? 
 
Such essential soil biological functions include 1) degradation/mineralization of plant residues, 2) 
production of stable organic compounds (buildup of humus), 3) enhancement of weathering 
(releasing nutrients), 4) oxidation/reduction of sulphur and nitrogen species, 5) oxidation/reduction 
of Fe, Mn, etc., 6) production and oxidation of methane, 7) degradation of toxic organic compounds, 
8) mycorrhiza, etc. Functions 1–3 are probably sufficiently robust to claim that there are few reasons 
to be worried. The processes are driven by an overwhelmingly diverse community of microbes, 
protozoa and multicellular organisms, and we are unlikely to be able to seriously affect them even if 
we tried. Functions 4–8 are less robust for various reasons.  
 
Nitrification (the oxidation of ammonium to nitrate via nitrite) is known to be vulnerable to 
acidification and a number of specific inhibitors. The population is less diverse than other functional 
groups (although recent discoveries of archaeal ammonia oxidizers suggest that we have 
underestimated the number of “species” involved). Nitrification inhibitors have been exploited in 
agriculture to deliberately delay nitrification so as to reduce nitrate leaching as well as N2O emission 
(Qiu et al., 2010). The effects of nitrification-inhibition on N2O emission has less to do with the N2O 
from nitrification, which appears to amount to less than a few ‰ of the oxidized nitrogen (Mørkved 
et al., 2007), and all to do with its role in inducing/sustaining denitrification (be it by heterotrophs or 
by the denitrifying bacteria themselves). 
 
The oxidation of atmospheric methane by soils appears to be even more vulnerable, particularly to 
the things we do to produce edible plants; tillage and nitrogen fertilization, as well as to the 
unintended results of these actions such s soil compaction (Hansen et al., 1993; Sitaula et al., 2000). 
The resilience (= ability to recover) of methane oxidation appears to be marginal, as judged from the 
slow recovery after restoring forests on previously cultivated land (Prieme et al., 1997). The effect 
received much attention for a while, due to its possible implications for the atmospheric methane 
budget (Smith et al., 2000), but given the moderate share in the total atmospheric methane budget 
(Wuebles and Hayhoe, 2002), our interference with the oxidation of atmospheric methane by soils is 
probably not a serious matter. What matters more, however, is the oxidation of methane that is 
produced in anoxic layers of peats and sediments. 
 
Denitrification is a robust function, but the product stoichiometry of the process is not. This needs an 
explanation. Denitrification is the stepwise reduction of NO3

- through NO2
-, NO, N2O to N2, driven by 

four enzymes NAR, NIR, NOR and N2OR, respectively. The organisms do this to sustain respiratory 
metabolism during anoxic spells (NOx takes the place of oxygen as a terminal electron acceptor). The 
denitrification proteome (NAR, NIR, NIR and N2OR) is synthesized in response to an anoxic spell, but 
this synthesis is blocked as soon as oxygen becomes available. The proteome produced during an 
anoxic spell will linger within the cells unless degraded by adverse conditions, ready to be used if 
oxygen should become limiting later.  
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It appears that N2OR (either its synthesis or its function) is more vulnerable to oxygen than the other 
enzymes (NAR, NIR, NOR). As a result, denitrification at low but significant concentrations of oxygen 
(sometimes named “aerobic denitrification”) tends to produce more N2O than N2. This is why such 
aerobic denitrification is an issue in relation to N2O emission from soils (Morley et al., 2008). The role 
of NO2

- in sustaining aerobic denitrification (and possibly NO) appears significant for sustaining 
aerobic denitrification (ibid), and this suggests that we need to invest more attention to the study of 
NO2

- kinetics in soils than done hitherto. NO2
- may accumulate transiently in soil due to dysfunctional 

nitrification as well as denitrification. We have compared organic soils with respect to their 
propensity to emit N2O (Holtan-Hartwik et al., 2000, 2002a), and in a recent study of the same soils, 
we found that the soil with the highest propensity for N2O emission, the denitrification was clearly 
dysfunctional with respect to NO2

- accumulation (Dörsch, Bakken and Braker, submitted 2011). 
Likewise, we have recently found that acid forest soils in south China have a dysfunctional 
nitrification, leading to accumulation of NO2

- rather than NO3
-, and high emissions of N2O (Zhu, 

Mulder, Bakken and Dörsch, in preparation).  
 
The relative activity of N2OR appears to be adversely affected by trace metals (Holtan harwik et al., 
2002b), although the effect appears to be transient (ibid). It could possibly be ascribed to a transient 
pH effect, however, as discussed below, rather than a direct effect of trace metal toxicity.  
 

3. Soil pH and N2O from denitrification 
The most interesting aspect of denitrification as affected by soil management relates to soil pH. 
Circumstantial empirical observations accumulated over some decades have suggested that the 
product stoichiometry of denitrification (N2O/N2) is negatively correlated with soil pH (high at low 
pH). The reasons for this were not well understood, however (Simek and Cooper, 2002), and few 
studies have been designed to measure N2O emissions as a function of soil pH /liming (Zaman et al., 
2007). This is unfortunate, because we may have overlooked liming as an important mitigation 
option here (mitigation = management that reduce N2O emission). One reason for “overlooking” 
liming as an option is that the immediate response to adding a lot of lime to soils is to enhance N2O 
emission! (Baggs et al., 2010). In contrast, we have found a clearly inverse relationship between field 
emissions of N2O and soil pH (4–7) in a long term liming experiment in Norway (Dörsch et al., 
forthcoming paper). 
 
What mechanisms are involved in pH control of denitrification? Analyses of the gene expression in 
the model organism, Paracoccus denitrificans, revealed that N2OR is tolerant to relatively low pH, but 
the expression of N2OR is severely restricted by low pH (Bergaust et al., 2010). The phenomenon has 
also been demonstrated in a serieos of long term liming experiments (Liu et al., 2010). In several 
forthcoming papers from UMB Nitrogen group (http://www.umb.no/nitrogengroup/) we 
demonstrate that soil pH is a pervasive controller of the N2O/N2 product stoichiometry of 
denitrification under standardized anoxic conditions. 
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But soil pH is also “shaping” the composition of the microbial community of soils. In a recent study of 
the genetic composition of a variety of soils (Fierer and Jackson, 2007), the soil pH was identified as 
the main factor controlling composition. Thus, soil pH may have an indirect effect on denitrification 
via its effect on the denitrifier community. We addressed this question recently, by studying 
extracted cells from long term liming experiments, where the gene expression and N2 and N2O 
production was measured as a function of pH. The results (Liu et al., forthcoming paper) show that 
bacteria from acid soils were unable to express their N2OR even at high pH (they carry the gene, 
nosZ, but it is apparently silenced). 
 

4. Changing soil pH, an option and a threat 
The foregoing discussion suggests that a gradual increase of the soil pH (by frequent liming) is an 
interesting option for reducing N2O emission from agricultural soils. On the other hand, acidification 
of soils represents a threat since it may severely increase the N2O emission. In industrial countries, 
this may be a minor problem, except for marginal agricultural areas which are not limed adequately. 
In developing countries, however, soil acidification appears to be severe due to intensification of 
plant production (higher inputs, more frequent crops) and inadequate/no liming. At present, large 
fractions of the Chinese agricultural soils have relatively high pH, but the current practice of high 
inputs has already lowered the pH significantly (Guo et al., 2010), and more dramatic changes are 
expected if current management is continued (ibid). At present, N2O emissions from Chinese 
agriculture is very low despite high inputs of fertilizer N (Liu et al., 2004), possibly due to the fact that 
pH is still relatively high. The situation may change dramatically in the future, however, for the 
reason mentioned. Recently, we have conducted a systematic comparison of soils used in traditional 
low farming with that of intensified farming in Nepal. The result shows a systematic acidification by 
intensification, and a deterioration (i.e. increase) of the N2O/N2 product ratio of denitrification in 
standard incubations (Raut et al., forthcoming paper). 
 

5. Concluding remarks 
There are many aspects of sustainable soil management that are relevant on a local/regional scale, 
and a few with global consequences. N2O emission is probably one of the most important global 
consequences of soil management. N2O emissions from soils are important in global warming, but 
N2O in the atmosphere is also contributing significantly to destruction of stratospheric ozone 
(Ravishankara et al., 2009). Being stranded on this lonely planet, we must take these global aspects 
seriously. Due to population growth and increasing prosperity, the nitrogen inputs to plant 
production is bound to increase rather than decrease in the decades to come. This will imply 
increasing N2O emissions, unless we can improve the N2O/N2 product ratios of denitrification in our 
soils. One approach may be to exert a careful control of the soil pH. Although promising, it must still 
be considered a working hypothesis; systematic testing by field trials is clearly needed. If more 
sophisticated mitigation options exist, they are likely to be found by increasing our understanding of 
the ecology and regulatory biology of the organisms involved in N2O emissions from soil, and how 
they are affected by soil management. 
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inputs has already lowered the pH significantly (Guo et al., 2010), and more dramatic changes are 
expected if current management is continued (ibid). At present, N2O emissions from Chinese 
agriculture is very low despite high inputs of fertilizer N (Liu et al., 2004), possibly due to the fact that 
pH is still relatively high. The situation may change dramatically in the future, however, for the 
reason mentioned. Recently, we have conducted a systematic comparison of soils used in traditional 
low farming with that of intensified farming in Nepal. The result shows a systematic acidification by 
intensification, and a deterioration (i.e. increase) of the N2O/N2 product ratio of denitrification in 
standard incubations (Raut et al., forthcoming paper). 
 

5. Concluding remarks 
There are many aspects of sustainable soil management that are relevant on a local/regional scale, 
and a few with global consequences. N2O emission is probably one of the most important global 
consequences of soil management. N2O emissions from soils are important in global warming, but 
N2O in the atmosphere is also contributing significantly to destruction of stratospheric ozone 
(Ravishankara et al., 2009). Being stranded on this lonely planet, we must take these global aspects 
seriously. Due to population growth and increasing prosperity, the nitrogen inputs to plant 
production is bound to increase rather than decrease in the decades to come. This will imply 
increasing N2O emissions, unless we can improve the N2O/N2 product ratios of denitrification in our 
soils. One approach may be to exert a careful control of the soil pH. Although promising, it must still 
be considered a working hypothesis; systematic testing by field trials is clearly needed. If more 
sophisticated mitigation options exist, they are likely to be found by increasing our understanding of 
the ecology and regulatory biology of the organisms involved in N2O emissions from soil, and how 
they are affected by soil management. 
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SCENARIOS FOR THE REDUCTION OF GREENHOUSE GAS EMISSIONS AND NET 
ENERGY USE IN DANISH AGRICULTURAL LANDSCAPES 

 
Tommy Dalgaard*, Jørgen E. Olesen, Søren O. Petersen, Bjørn M. Petersen, Uffe Jørgensen, Troels 

Kristensen, Nick Hutchings and John E. Hermansen, *Aarhus University, Department of Agroecology 
and Environment, Research Centre Foulum, P.O. Box 50, DK-8830 Tjele, Denmark; 

tommy.dalgaard@djf.au.dk 
 
Denmark has one of the most intensive agricultural production systems in the world, dominated by 
major exports of meat and dairy products. Greenhouse gas (GHG) emissions from agriculture are 
therefore a significant contributor to total Danish emissions. Consequently, much effort is currently 
given to the exploration of potential strategies to reduce agricultural emissions, as well as strategies 
to increase bioenergy production within agriculture. This paper presents results from a study 
estimating agricultural GHG emissions in the form of methane, nitrous oxide and carbon dioxide 
(including carbon sources and sinks, and the impact of energy consumption/bioenergy production) 
from Danish agriculture. An analysis of possible measures to reduce the GHG emissions indicated 
that a 50–70% reduction of agricultural emissions by 2050 relative to 1990 is achievable, including 
mitigation measures in relation to the handling of manure and fertilisers, optimization of animal 
feeding, cropping practices, and land use changes with more organic farming, afforestation and 
energy crops. Especially, the current paper focus on landscape level measures to reduce GHG-
emissions in combination with a reduced Nitrogen pollution, and the achievement of other desired 
eco-systems services from intensively farmed landscapes. In addition, it is assessed how the 
bioenergy production may be increased significantly without reducing the food production, whereby 
Danish agriculture could achieve a positive energy balance. 
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EFFECT OF WATER TABLE LEVEL ON GREENHOUSE GAS EMISSIONS FROM 
TWO CULTIVATED PEAT SOILS IN SWEDEN 

 
Örjan Berglund* and Kerstin Berglund, *Swedish University of Agricultural Sciences, department of 

Soil and Environment, P.O. Box 7014, SE-75007 Uppsala, Sweden; orjan.berglund@slu.se 
 
A lysimeter method with undisturbed soil columns was used to investigate whether adjustment of 
the groundwater level could mitigate greenhouse gas (GHG) emissions from cultivated peat soils. The 
study was carried out using organic soils from two locations in Sweden: Örke, a typical cultivated fen 
peat with low pH and high organic matter content and Majnegården, a more uncommon fen peat 
type with high pH and low organic matter content. A drilling method with minimal soil disturbance 
was used to collect 12 undisturbed soil monoliths per site. The lysimeters were supplied with water 
from below and sown with ryegrass (Lolium perenne). The groundwater level was set to 40 cm or 80 
cm below the surface. CO2, CH4 and N2O emissions from the lysimeters were measured weekly and 
complemented with incubation experiments with small undisturbed soil cores subjected to different 
tensions (5, 40, 80 and 600 cm water column). CO2 emissions were greater from the treatment with 
the water table level at 40 cm depth (446 mg m-2 h-1) compared with at 80 cm (393 mg m-2 h-1). N2O 
emissions peaked in springtime and CH4 emissions were very low or negative. Estimated GHG 
emissions during one year were between 2.70 and 3.55 kg CO2 equivalents m-2. Soil properties of the 
different soil layers determined the effect of groundwater regulation. Lowering the groundwater 
level only increases emission rates if new layers with easily decomposable material or low C/N ratios 
are exposed. The results from the lysimeter experiment were supported by the incubation 
experiment. 
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EFFECT OF PERSISTENT SUBSOIL COMPACTION ON N2O EMISSIONS FROM 
ARABLE SOILS 

 
Kristiina Regina*, Asko Simojoki, Laura Alakukku, Thomas Keller, Hanna Silvennoinen and Peter 

Dörsch, *MTT Agrifood Research Finland, Plant Production, FI-31600 Jokioinen, Finland; 
kristiina.regina@mtt.fi 

 
Fluxes of nitrous oxide (N2O) and soil air composition were studied in two field experiments in 
southern Finland and Sweden, where persistent compaction effects by the heavy wheeling of a clay 
soil and a sandy clay loam soil in 1981 (Finland) and 1995 (Sweden), were still found in the subsoil. 
Samples of N2O emissions and soil air were taken biweekly in 2009–10 both with chambers on the 
soil surface and gas samplers in the soil profile and analysed by gas chromatography. A fertigation 
experiment was done in Sweden in October 2010 to study the subsoil compaction effects on N2O and 
CO2 emissions under ample nitrogen supply. All sampling points received a fertiliser amount 
correspondent to 100 kg N ha-1 fertilisation and water corresponding to a 30 mm rain event. The 
annual fluxes of N2O (mean±sd) during Oct 2009-Sep 2010 in the control and compacted treatments, 
respectively, were 8.6±3.7 and 9.4±1.0 kg N ha-1 in Finland, and 10.0±4.1 and 8.3±3.8 kg N ha-1 in 
Sweden, with no significant differences between the treatments. The concentrations of N2O at the 
depths of 15, 30, 50 and 70 cm correlated positively with the emission of N2O from the soil in both 
fields (r=0.4–0.7***). Compaction tended to increase N2O in soil air. The oxygen concentrations in 
the subsoil correlated negatively with the N2O emission, but only at the Finnish site. There were no 
significant differences in the CO2 or N2O emissions from the compacted and uncompacted sites in the 
fertigation experiment, either. The results suggest that despite periods of impaired subsoil aeration 
and higher concentrations of N2O in soil air, subsoil compaction does not significantly increase N2O 
emissions from these soils to the atmosphere 15–30 years after compaction. This may indicate a 
minor role of subsoil in the production of N2O compared with topsoil.  
  

 

100 24th NJF Congress and 2nd NFS Conference 2011 

Plenary session, Room O, Wednesday June 15, 13.30–16.30 Abstract no. E184 
 
 

EFFECT OF WATER TABLE LEVEL ON GREENHOUSE GAS EMISSIONS FROM 
TWO CULTIVATED PEAT SOILS IN SWEDEN 

 
Örjan Berglund* and Kerstin Berglund, *Swedish University of Agricultural Sciences, department of 

Soil and Environment, P.O. Box 7014, SE-75007 Uppsala, Sweden; orjan.berglund@slu.se 
 
A lysimeter method with undisturbed soil columns was used to investigate whether adjustment of 
the groundwater level could mitigate greenhouse gas (GHG) emissions from cultivated peat soils. The 
study was carried out using organic soils from two locations in Sweden: Örke, a typical cultivated fen 
peat with low pH and high organic matter content and Majnegården, a more uncommon fen peat 
type with high pH and low organic matter content. A drilling method with minimal soil disturbance 
was used to collect 12 undisturbed soil monoliths per site. The lysimeters were supplied with water 
from below and sown with ryegrass (Lolium perenne). The groundwater level was set to 40 cm or 80 
cm below the surface. CO2, CH4 and N2O emissions from the lysimeters were measured weekly and 
complemented with incubation experiments with small undisturbed soil cores subjected to different 
tensions (5, 40, 80 and 600 cm water column). CO2 emissions were greater from the treatment with 
the water table level at 40 cm depth (446 mg m-2 h-1) compared with at 80 cm (393 mg m-2 h-1). N2O 
emissions peaked in springtime and CH4 emissions were very low or negative. Estimated GHG 
emissions during one year were between 2.70 and 3.55 kg CO2 equivalents m-2. Soil properties of the 
different soil layers determined the effect of groundwater regulation. Lowering the groundwater 
level only increases emission rates if new layers with easily decomposable material or low C/N ratios 
are exposed. The results from the lysimeter experiment were supported by the incubation 
experiment. 
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ORGANICALLY GROWN FIELD BEANS – LOW NITROUS OXIDE EMISSION AND 
HIGH N-EFFICIENCY 

 
Åsa Kasimir Klemedtsson* and Maria Stenberg, *Dept. of Earth Sciences, University of Gothenburg, 

P.O. Box 460, SE-40530 Göteborg, Sweden; asa.kasimir@gvc.gu.se 
 
In search for agricultural systems having high N-efficiency and low N2O emission we have measured 
nitrous oxide (N2O) emission in different management systems, organic and conventional 
(integrated). It is important to measure in a long time experiment since the emission is influenced by 
both preceding year field management and the very recent. The Logården research farm was chosen 
since the same 7 year crop rotation sequence has prevailed in parallel for 20 years. Of the rotation 
crops the faba bean was selected for comparing emissions during two years, April 2005 to Mars 
2007. Neither system received any additional nitrogen. The measurements used static chambers and 
gas chromatography. The organic beans showed a fairly low N2O emission (0.4±0.07 kg N ha-1 y-1), 
which was found six times higher for conventional field beans (2.3±0.8 kg N ha-1 y-1). This was due to 
high emissions for the conventional beans during the autumn after harvesting and RoundUp 
addition. The efficiency of the agricultural system can be expressed as N2O intensity, aiming a low 
intensity. Notwithstanding, lower yields for organic farming, the organic beans showed the lowest 
intensity, 6 (g N2O-N per kg N in yield) compared to 22 for the conventional beans, since a larger 
difference in emission than in yield was found. 
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Seija Virtanen and Eeva Nuotio, *MTT Agrifood Research Finland, Plant Production Research, 

FI-31600 Jokioinen, Finland; kari.ylivainio@mtt.fi 
 
Finland has Europe's largest areas of acid sulphate (AS) soils (1000–2000 km2). AS soils originate from 
anoxic basins in the former Baltic Sea where sulfate reducing bacteria converted sulphate to 
sulphides in bottom sediments. When exposed to oxygen, sulphides oxidize to sulphuric acid that 
makes the soil extremely acid (pH 2.5–4), and mobilizes high quantities of metals, including Al, Cd, 
Co, Ni and Zn. To find out management practices that would hamper the environmental 
consequences of excess metal loads and low pH in drainage water, a demonstration field (18.5 ha) 
with three different drainage practices was established in Söderfjärden, near Vaasa in Western 
Finland in 2010. The treatments, to be started in 2011, are: 1) ordinary subsurface drainage, 2) 
elevated groundwater level via controlled drainage system, and 3) controlled drainage system with 
additional pumping of water during dry periods. Measurements of greenhouse gasses were started in 
October 2010. During the calibration period in 2010, pH values (3.9–4.2) and total P concentrations 
(0.005–0.009 mg/l) were low whereas EC (120–360 mS/m) and concentrations of NO3-N (8.3–27 
mg/l) and SO4 (430–1600 mg/l) were high. Concentrations of nutrients and metals, pH and electrical 
conductivity (EC) are measured from spot samples of drainage water forthnightly during the runoff 
periods. Gauges and probes for continuous measurement of drainage water outflow, pH, EC, ground 
water level, soil temperature and moisture were installed on each plot in September 2010. The 
recordings can be followed through the internet, http://www.pnet.fi. 
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In search for agricultural systems having high N-efficiency and low N2O emission we have measured 
nitrous oxide (N2O) emission in different management systems, organic and conventional 
(integrated). It is important to measure in a long time experiment since the emission is influenced by 
both preceding year field management and the very recent. The Logården research farm was chosen 
since the same 7 year crop rotation sequence has prevailed in parallel for 20 years. Of the rotation 
crops the faba bean was selected for comparing emissions during two years, April 2005 to Mars 
2007. Neither system received any additional nitrogen. The measurements used static chambers and 
gas chromatography. The organic beans showed a fairly low N2O emission (0.4±0.07 kg N ha-1 y-1), 
which was found six times higher for conventional field beans (2.3±0.8 kg N ha-1 y-1). This was due to 
high emissions for the conventional beans during the autumn after harvesting and RoundUp 
addition. The efficiency of the agricultural system can be expressed as N2O intensity, aiming a low 
intensity. Notwithstanding, lower yields for organic farming, the organic beans showed the lowest 
intensity, 6 (g N2O-N per kg N in yield) compared to 22 for the conventional beans, since a larger 
difference in emission than in yield was found. 
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Vicent Gasso-Tortajada*, Claus G. Sørensen, Frank W. Oudshoorn and Dionisis Bochtis, *Aarhus 

University, Faculty of Agricultural Sciences, Department of Biosystems Engineering, Blichers Allé 20, 
DK-8830 Tjele, Denmark; vicent.gassotortajada@agrsci.dk 

 
Several investigations have analysed the environmental consequences of in-field traffic and tillage 
practices on specific environmental issues and stages of the agricultural production system. 
However, the existing investigations do not analyse these systems under a holistic approach. A life 
cycle assessment (LCA) of the environmental impacts associated with the production of winter wheat 
under different in-field traffic practices (i.e. controlled traffic farming (CTF) and unconstrained traffic 
farming (UCTF)), and tillage practices (i.e. intensive (ITIL) and conservation tillage practices (CTIL)) 
was carried out. The LCA was based on a modelling approach. The boundaries of the system included 
all the direct on-farm emission and the indirect emissions embodied in the farm resources. The 
functional unit to which all environmental impacts were attributed was 100 kg of wheat grain. The 
impact assessment was performed according to the EDIP2003 methodology. The results showed that 
the adoption of CTF presented substantial environmental improvements as compared with UCTF 
with differences regarding terrestrial eutrophication, global warming, acidification, ecotoxicity in 
waters, and human toxicity in soils (22–115%). In aquatic eutrophication, ecotoxicity in soil, and 
human toxicity in air and water, the improvements were less relevant but still positive with 
compared to UCTF (4–18%). The implementation of CTIL practices resulted in improvements in global 
warming and aquatic eutrophication enhanced by phosphorous compounds (19–177%), compared to 
ITIL. However, the adoption of CTIL practices affected negatively several impact categories, i.e. 
aquatic eutrophication enhanced by nitrogen compounds, terrestrial eutrophication, acidification, 
ecotoxicity in soil, and human toxicity in soil and air (22–140%). This investigation showed that key 
potential improvement for environmental performance in most of the analysed impact categories 
are connected to the optimisation of the in-field N balance and the fertilizer production processes. 
However, attention should as well be given to the pest control management. 
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EFFECT OF NITROGEN FERTILISATION ON NITRATE LEACHING IN RELATION TO 
GRAIN YIELD RESPONSE OF SPRING OAT 

 
Sofia Delin* and Maria Stenberg, *Swedish University of Agricultural Sciences, Department of Soil and 

Environment, P.O. Box 234, SE-53223 Skara, Sweden; sofia.delin@slu.se 
 
Swedish farmers are encouraged to fertilise no more than the economic optimum in order to 
minimise nitrate leaching. Site-specific fertilisation with respect to variations within fields could 
reduce nitrate leaching further, provided that leaching is more affected by nitrogen fertilisation rate 
at levels above than below economical optimum. Nitrate leaching in response to different fertiliser 
nitrogen doses was investigated in field experiments in spring oats in 2007, 2008 and 2009 on a 
loamy sand in south-west Sweden. Nitrate leaching was determined from nitrate concentrations in 
soil water sampled with ceramic suction cups and discharge measured at a nearby measuring station. 
The results showed that there was no significant increase in nitrate leaching from increasing fertiliser 
dose as long as each kg of fertiliser nitrogen resulted in at least 10–15 kg increase in grain yield (85% 
DM), which (depending on the current price ratio per kg between grain and fertilizer) is close to the 
economic optimum. Above this fertilisation level, the yield response gradually decreased, while the 
nitrate leaching response simultaneously increased exponentially. This contradicts the view that 
nitrate leaching is increasing significantly with fertilization already below economical optimum. Our 
results suggest that site-specific nitrogen fertilisation may reduce nitrate leaching with up to 6 kg N 
ha-1. 
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Several investigations have analysed the environmental consequences of in-field traffic and tillage 
practices on specific environmental issues and stages of the agricultural production system. 
However, the existing investigations do not analyse these systems under a holistic approach. A life 
cycle assessment (LCA) of the environmental impacts associated with the production of winter wheat 
under different in-field traffic practices (i.e. controlled traffic farming (CTF) and unconstrained traffic 
farming (UCTF)), and tillage practices (i.e. intensive (ITIL) and conservation tillage practices (CTIL)) 
was carried out. The LCA was based on a modelling approach. The boundaries of the system included 
all the direct on-farm emission and the indirect emissions embodied in the farm resources. The 
functional unit to which all environmental impacts were attributed was 100 kg of wheat grain. The 
impact assessment was performed according to the EDIP2003 methodology. The results showed that 
the adoption of CTF presented substantial environmental improvements as compared with UCTF 
with differences regarding terrestrial eutrophication, global warming, acidification, ecotoxicity in 
waters, and human toxicity in soils (22–115%). In aquatic eutrophication, ecotoxicity in soil, and 
human toxicity in air and water, the improvements were less relevant but still positive with 
compared to UCTF (4–18%). The implementation of CTIL practices resulted in improvements in global 
warming and aquatic eutrophication enhanced by phosphorous compounds (19–177%), compared to 
ITIL. However, the adoption of CTIL practices affected negatively several impact categories, i.e. 
aquatic eutrophication enhanced by nitrogen compounds, terrestrial eutrophication, acidification, 
ecotoxicity in soil, and human toxicity in soil and air (22–140%). This investigation showed that key 
potential improvement for environmental performance in most of the analysed impact categories 
are connected to the optimisation of the in-field N balance and the fertilizer production processes. 
However, attention should as well be given to the pest control management. 
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Öqvist, *Uppsala University, Department of Earth Sciences, Air, Water and Landscape Science, 

Uppsala, Sweden; lars.hylander@hyd.uu.se 
 
In recent years, the usage of biomass for energy purposes has increased as a means to replace fossil 
fuels. However, turning a large part of the biomass to ashes will lead to a decreased amount of soil 
organic matter. A sustainable solution to this problem would be to convert some of the organic 
matter into stable biochar, mimicking humus. Biochar is the product obtained when biomass is 
heated to at least 500 °C without oxygen (pyrolysis). Due to the remarkable stability of biochar in soil 
(in the range of millennia) and its large active surface (up to 3000 m2/g), which improves the capacity 
of soil to hold plant available water and nutrients, biochar is receiving increased attention as a 
method for climate change mitigation and securing food production. Already existing techniques can 
be used for gathering biomass, while suitable equipment for pyrolysis needs to be developed. As the 
energy needed for collection of biomass with a mobile unit increase linearly with the area of 
collection, while it increases with the square for a stationary unit, a mobile unit is chosen. The 
current state of the Swedish Charvester project is to create a prototype for a mobile pyrolyser. The 
produced char will be optimized for biological virtues, machinery size and process time. The 
potentials of global biomass sources for charing and the corresponding amounts of biochar in Gt 
biomass/ Gt biochar is as follows: Straw and husk 1.2 / 0.36; wood for fuel 1.7 / 0.51; world paper 
use 1 Gt/ 0.3 Gt char; forestry surplus 1.8 Gt/ 0.54 Gt char; pyrolysing stoves 1.2 Gt/ 0.36. Annual 
sum: 2.07 Gt char. Based on an estimated capacity of 500 kg char/hour and a utitlity factor of 68%, a 
main part of the globally possible charring could be achieved with 1 – 6 million charvesters.  
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PRODUCTION FROM AGRICULTURE AND RE-PRODUCTION OF AGRICULTURAL 
LANDSCAPES 

 
Anders Wästfelt, Swedish University of Agricultural Sciences, Department of Economics, Section of 

Agrarian History, P.O. Box 7013, SE-75007 Uppsala, Sweden; anders.wastfelt@slu.se 
 

Abstract 
This paper and presentation deals with two themes, firstly changes in the production from Swedish 
agriculture the last 20 years, with examples of some recent paradoxes in discourse and tentative 
explanations about driving forces with a world view on Swedish agriculture. Secondly the re-
production of agricultural landscapes in the name of landscape care activities. 
 
Keywords: agriculture production, agriculture landscape, landscape care, world view, future land use 
 

1. Discussion 
Since the political deregulation of agriculture in Sweden in 1991 (Konkurrenskommittén, 1990) and 
later the membership of EU 1995 the agricultural production has been competing on the world 
market. This competition has resulted in a declining farming sector in Sweden and an increased 
import of food products to Sweden (Ekman and Gullstrand, 2006), but paradoxically it has also 
resulted in intensification of land use in some areas. The picture is highly complex with parallel 
ongoing processes of intensified land use in some areas, and abandonment of land in others. 
Landscape use has also become increasingly multifunctional, as large-scale agricultural food 
production competes with recreational land use and tourism, like golf courses and horse farms 
(Præstholm and Kristensen, 2007). The multifunctionality can be related to the social change and the 
increasing integration between urban and rural ways of living (Johansson and Salonen, 2008; Swedish 
Ministry of Enterprise, Energy and Communications, 2003), and to counter urbanization of the 
countryside (Ilbery and Bowler 1998; Renting et al., 2003). 
 
The UN predicts that the world population will increase with another 2 billion until 2050 (UK 
Government Office for Science, 2011). At the same time, land useful for cultivation is estimated to be 
nearly the same (even if some increase is possible, large areas are also taken out from agriculture to 
be used as urban areas or for infrastructure purposes). This means that future increase of production 
must come from intensification. The EU commission certifies that production must increase with 70–
100% until 2050 as an answer to increased population in Europe and in the world; this also includes 
Sweden (European Parliament, 2009). In Sweden the contemporary discussion in the public domain is 
much about local and ecological production. Paradoxically the level of self sufficiency in Sweden is 
decreasing, for example, less than 50 percent of the meat consumed in Sweden is produced here. 
 
Today’s processes in the western world can partly be explained by low costs for transportation and a 
free global market. In the western world the relative richness makes local and small scale land use 
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In recent years, the usage of biomass for energy purposes has increased as a means to replace fossil 
fuels. However, turning a large part of the biomass to ashes will lead to a decreased amount of soil 
organic matter. A sustainable solution to this problem would be to convert some of the organic 
matter into stable biochar, mimicking humus. Biochar is the product obtained when biomass is 
heated to at least 500 °C without oxygen (pyrolysis). Due to the remarkable stability of biochar in soil 
(in the range of millennia) and its large active surface (up to 3000 m2/g), which improves the capacity 
of soil to hold plant available water and nutrients, biochar is receiving increased attention as a 
method for climate change mitigation and securing food production. Already existing techniques can 
be used for gathering biomass, while suitable equipment for pyrolysis needs to be developed. As the 
energy needed for collection of biomass with a mobile unit increase linearly with the area of 
collection, while it increases with the square for a stationary unit, a mobile unit is chosen. The 
current state of the Swedish Charvester project is to create a prototype for a mobile pyrolyser. The 
produced char will be optimized for biological virtues, machinery size and process time. The 
potentials of global biomass sources for charing and the corresponding amounts of biochar in Gt 
biomass/ Gt biochar is as follows: Straw and husk 1.2 / 0.36; wood for fuel 1.7 / 0.51; world paper 
use 1 Gt/ 0.3 Gt char; forestry surplus 1.8 Gt/ 0.54 Gt char; pyrolysing stoves 1.2 Gt/ 0.36. Annual 
sum: 2.07 Gt char. Based on an estimated capacity of 500 kg char/hour and a utitlity factor of 68%, a 
main part of the globally possible charring could be achieved with 1 – 6 million charvesters.  
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worthless in economic terms. Even with subsidies there is a process of abandonment of small scale 
farms and arable land ongoing. 
 
In the new economic geography agriculture is characterized by constant returns to scale and fixed 
location as an immobile production factor (Krugman, 1991). This implicates that localization of 
agriculture will be exogenous determined by large scaled usable land, which is what has happened in 
Sweden the last 20 years. Larger farms become larger and small farms are abandoned as production 
units. The opposite process appears in Africa and Asia where small farms become even smaller. 
 
From a geographical perspective the global restructuring of agriculture production and consumption 
in industrialized western societies strives in principle towards localization in the center of the 
available large scaled land and for consumption to the centre of urban cities on a continuous 
trajectory on a scale from the total globe to the local farm (von Thünen, 1966). The present access to 
cheap energy and transport capacities makes it easy and possible to overcome the dependency on 
local agriculture production. This capacity is interlinked to relative welfare and relative labor cost. To 
overcome this dependency is not possible in large parts of Africa and Asia and farmers here are 
relatively more dependent of what can be produced on site. 
 
The geographer David Harvey (2006) points out that small geographical differences tend to be 
reinforced by a continuous decrease in relative distance friction and free market. Concentration of 
production tends to be allocated where it is cheapest to produce and where labor and energy are 
relatively cheap. This gives rise to a process where some products are produced only at some spots, 
an example is flower plantations in Africa delivering flowers by airplane to northern Europe. The 
social and ecological consequences both in Africa and Europe are less known. There are no 
spontaneous processes or institutions that can or wish to counteract this process, even if it would be 
harmful for future agriculture and sustainable development in the world. The knowledge about the 
social and ecological effects is insufficient. 
 
However, there are good reasons to keep both global trade and a level of local agriculture. It is risky 
to trust in weather on the other side of the globe. Unclear costs for transportations in future are 
another risk in a long term perspective. Future costs to take new land into cultivation and possible 
negative side-effects can potentially be so high that it might be more effective to make use of badly 
spatial arranged fields in the close surrounding (Öborn et al., 2010). 
 
For agriculture research, policy and landscape management it will be essential to know how farmers 
respond to different global forces as the world becomes more integrated. 
 
While farmers in Europe generally focus on efficiency and increased productivity through technical 
modernization, substantial efforts at the official level are put into maintaining certain values of 
vanishing landscapes. Particular areas and landscape features are set aside for protection or 
restoration. Individual efforts of this type have a long history in Sweden, but the issue has recently 
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received increased attention, primarily because of more ambitious government goals in biodiversity  
conservation and the work of the European Landscape Convention (ELC). This has resulted in an 
increased scientific and official interest in vanishing values in the rural landscape, where parts of 
Eastern Europe, like Maramures in Romania, are reminiscently described as ideal landscapes (Hasund 
and Helldin, 2007). This paper and presentation will also shed some light on some paradoxes 
inherent in official policies and practices concerning the management of rural landscapes in Sweden 
and to relate the Swedish situation to an example of landscape practices, in Romania. 
 
When Swedish authorities engage in the promotion of landscape care, they tend to work with slices 
of land, specific predefined values and individual farmers, and they often disregard the need to treat 
the landscape as a socio-ecological complex in space and time. That is, instead of regarding 
landscape as dynamic in space and time, they fabricate isolated and static objects to be preserved. In 
the current management of agriculture landscapes in Sweden, history plays an important role in the 
formulation of landscape values, both cultural and biological. That is, present landscape care practice 
involves the reconstruction and valuation of former times, which are then managed for preservation. 
Representations of the past become projected onto contemporary landscapes to preserve the 
“former landscape” into the future. This can be seen as an outcome of a socio-cultural process, which 
I will call the “colonization of time”. 
 
Apart from producing food, I will argue that although the agricultural cultivation of land retains links 
to the past it continuously shapes future agricultural possibilities and that thus agricultural work is 
inherently oriented toward the future. Agricultural landscapes must be seen as part of a continuous 
work. Moreover, the way in which history and the future are conceptualized has the capacity to 
change land use and landscapes. 
 
It is well-documented that reaching the current biological values of semi-natural grasslands In Europe 
has taken centuries. According to many experts, it is important that these are preserved 
(Emanuelsson et al., 2009; Hasund and Helldin, 2007; Lindborg et al., 2008). However, the possibility 
that future land use may produce similar or equivalent ecological values in other locations is rarely, if 
ever, discussed. This neglect indicates a lack of an integrative perspective between landscape care 
management and agriculture. 
 

2. Conclusion 
In future both researchers and society in general need to notice that how agriculture is organized and 
carried out shapes future possibilities in agriculture activities. Both declining distance friction and 
high relative dependency of local agriculture must be seen as holding both advantages and risks. The 
spatial organization of agriculture landscape and agriculture production are not random and entirely 
given by nature, it is instead mainly a product of the social organization of the global postnational 
society. 
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overcome this dependency is not possible in large parts of Africa and Asia and farmers here are 
relatively more dependent of what can be produced on site. 
 
The geographer David Harvey (2006) points out that small geographical differences tend to be 
reinforced by a continuous decrease in relative distance friction and free market. Concentration of 
production tends to be allocated where it is cheapest to produce and where labor and energy are 
relatively cheap. This gives rise to a process where some products are produced only at some spots, 
an example is flower plantations in Africa delivering flowers by airplane to northern Europe. The 
social and ecological consequences both in Africa and Europe are less known. There are no 
spontaneous processes or institutions that can or wish to counteract this process, even if it would be 
harmful for future agriculture and sustainable development in the world. The knowledge about the 
social and ecological effects is insufficient. 
 
However, there are good reasons to keep both global trade and a level of local agriculture. It is risky 
to trust in weather on the other side of the globe. Unclear costs for transportations in future are 
another risk in a long term perspective. Future costs to take new land into cultivation and possible 
negative side-effects can potentially be so high that it might be more effective to make use of badly 
spatial arranged fields in the close surrounding (Öborn et al., 2010). 
 
For agriculture research, policy and landscape management it will be essential to know how farmers 
respond to different global forces as the world becomes more integrated. 
 
While farmers in Europe generally focus on efficiency and increased productivity through technical 
modernization, substantial efforts at the official level are put into maintaining certain values of 
vanishing landscapes. Particular areas and landscape features are set aside for protection or 
restoration. Individual efforts of this type have a long history in Sweden, but the issue has recently 
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THE ASSESSMENT OF THE HISTORIC PARK LANDSCAPES TRANSFORMATION IN 
IMPACT OF SITE STRUCTURE 

 
Kristīne Dreija, Latvia University of Agriculture, Faculty of Rural Engineering, Akademijas street 19, 

Jelgava, LV-3001, Latvia; kristine.dreija@gmail.com 
 
In this research the Latvian castle and manor parks are examined as an integral part of the historical 
heritage. The research was done from the year 2009 to 2010 as a part of the dissertation 
“Development possibilities of the Latvian historical parks”. The main aim of this research is to sum up 
the landscape transformation aspects of the Latvian historic parks in impact of site structure. To 
achieve this aim empirical and analytical methods were used. The evaluation of the historic parks’ 
transformation provides the characterization of interaction between the historical environment 
heritage and today’s situation taking into account the structure made by the environment and the 
human in the 20th and 21st century. 534 manor ensembles are mentioned in the Latvian castle and 
manor association register. After the worked out selection classification principles 55 cultural 
historical ensembles were selected with a national cultural monument status and critical today’s 
condition. These objects have a high development potential, which is mainly based on the 
uniqueness of the cultural environment, entirety of heritages and resources. The next step after the 
selection classification of ensembles is the evaluation of park environment transformation, taking 
into account the site structure impact made by the environment and the human. The historic parks 
analysed and compared in the cartographical materials and data bases, counting and evaluating the 
site structural aspects, give the reflection of park environment transformation processes in an aspect 
of today’s conflicts and opportunities. In result five categories of historical environment 
transformation were made, which sum up the visible and unvisible structure aspects of the site, 
problems and opportunities related with them. In the Latvian historic parks, due to the press of the 
land reforms, world wars and the Soviet Union, there are no destructive transformation signs of the 
environment. In the most part, the park environment, including the manor ensembles, have 
maintained somewhat of their historical structure, stylistics and composition.  
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THE FACTORS OF RURAL LANDSCAPE PATTERN CHANGES IN LATVIA FROM 
ANCIENT TILL PRESENT 

 
Daiga Zigmunde* and Kristine Vugule, *Latvia University of Agriculture (LLU), Faculty of Rural 

Engineering, Department of Architecture and Building, Akademijas 19, Jelgava, LV-3001, Latvia; 
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The paper deals with rural landscape changes during the period from the arrival of the first Balts in 
the present territory of Latvia in 2000–1800 B.C. till present. The aim of the study is to determine the 
main factors influencing the changes of the pattern of Latvia’s rural landscape in different historical 
periods and to compare them with the tendencies of the present development. The survey is based 
on scientific literature and historical materials, as well as on the authors’ current research on 
landscape present changes. There are three main periods characterized by distinguishing patterns of 
rural landscape in Latvia: the period before World War II, the Soviet period and the period after 
regaining independence. Mapping and photography methods in correlation with historical data 
analysis were used to estimate changes of landscape patterns and to assess the main factors 
influencing them. The results highlighted that in the period before World War II, human economic 
activities were the main factors. In the Soviet period political and industrial factors came to the 
surface. The factors of changing human life style became dominating in the period after regaining 
independence. Those were natural processes characterized by afforestation of abandoned lands, as 
well as transforming of some part of valuable agricultural lands into housing areas. The conclusion of 
the research indicates the importance of continuity of economic activities based on intensive and 
extensive agriculture for preserving the high quality of rural landscape pattern in Latvia. 
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FEWER FARMERS, BUT LAGER FARM UNITS – WHAT ARE THE IMPLICATIONS 
FOR THE AGRICULTURAL LANDSCAPE IN NORWAY? 

 
Svein Olav Krøgli, Oskar Puschmann, and Grete Stokstad*, *Norwegian forest and landscape institute, 

P.O. Box 115, N-1431 Ås, Norway; grete.stokstad@skogoglandskap.no 
 
In this study we analyse data from a monitoring program for the agricultural landscape in Norway 
(3Q). The monitoring is based on interpreting aerial photos with about five year intervals. While the 
number of farmers in Norway has declined since 3Q was stated, agricultural acreage has remained 
reasonably constant. One typical change we observe from aerial photos is that field size increases. 
We also observe land taken out or taken into use of agricultural production. In some cases entry and 
exit occurs within the same region. However the magnitude of these impacts varies across the 
country. The focus of this paper is to describe and explain the observed changes across the country. 
Understanding why land use changes take place is important for optimal policy design. For example, 
in Northern Norway there is a significant difference between the amount of “abandoned” area, 
based on whether the area is in use by the owner or whether the property is rented to another 
farmer. However this is not the situation in regions with more competition and higher prises on 
rented land, as for example in Trøndelag.  
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The paper deals with rural landscape changes during the period from the arrival of the first Balts in 
the present territory of Latvia in 2000–1800 B.C. till present. The aim of the study is to determine the 
main factors influencing the changes of the pattern of Latvia’s rural landscape in different historical 
periods and to compare them with the tendencies of the present development. The survey is based 
on scientific literature and historical materials, as well as on the authors’ current research on 
landscape present changes. There are three main periods characterized by distinguishing patterns of 
rural landscape in Latvia: the period before World War II, the Soviet period and the period after 
regaining independence. Mapping and photography methods in correlation with historical data 
analysis were used to estimate changes of landscape patterns and to assess the main factors 
influencing them. The results highlighted that in the period before World War II, human economic 
activities were the main factors. In the Soviet period political and industrial factors came to the 
surface. The factors of changing human life style became dominating in the period after regaining 
independence. Those were natural processes characterized by afforestation of abandoned lands, as 
well as transforming of some part of valuable agricultural lands into housing areas. The conclusion of 
the research indicates the importance of continuity of economic activities based on intensive and 
extensive agriculture for preserving the high quality of rural landscape pattern in Latvia. 
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Much work has been done on figuring out what to conserve, while relatively little attention has been 
put on how conservation is to take place. Conservation of species or habitats often entails changing 
management practices. Current agri-environmental schemes often use fixed payments for certain 
conservation purposes without knowing what land owners' true opportunity costs are. This makes it 
difficult to scale payments so that the desired conservation targets are met. The first contribution of 
this paper is to look at how auctions can remedy this problem. Our focus is on reverse uniform price 
auctions, a variant of Vickrey auctions, which has the desirable properties of truthful revelation of 
the costs of supplying conservation, and hence also a more reliable measure of the information rents 
than other payment schemes. A particular problem related to the use of auctions to supply 
conservation in agriculture is that a large – and increasing share – of the agricultural acreage in the 
Nordic countries is leased. We show how the introduction of auctions transfers wealth to land 
operators. On one hand, this is a desirable property as a larger share of the payments accrues to 
providers. On the other hand, reduced value of the land for land owners makes it more likely that 
some agricultural land will be converted to other uses with the undesirable effect that conservation 
values may be lost. This contribution is mainly analytical, providing comparative statics of the 
equilibria that are likely to emerge and insights on the factors influencing these equlibria outcomes. 
Currently, only farms that are registered as businesses are eligible for conservation payments in 
Norwegian agriculture. The use of auctions opens for other groups like hobby farmers or 
associations, which widens the scope for conservation on agricultural lands. This could be important 
for some special issues like biodiversity on old meadows, where some species require manual cutting 
of the grass.  
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NITROGEN USE EFFICIENCY IN RELATION TO GRAIN QUALITY IN WINTER 
WHEAT: IMPLICATIONS FOR SUSTAINABLE AGRICULTURE 

 
Martin Weih1*, Annica Andersson2 and Per Åman2, 1Swedish University of Agricultural Sciences, 

Department of Crop Production Ecology, SE-75007 Uppsala, Sweden; 2Swedish University of 
Agricultural Sciences, Department of Food Science, Box 7051, SE-75007 Uppsala, Sweden; 

*martin.weih@slu.se 
 

Abstract 
The use of more nutrient-efficient crops is crucial for sustainable agriculture, mainly due to limited 
land and water resources available for crop production, higher costs of inorganic fertilizer, and 
environmental concerns (e.g. Swedish environmental objectives). Apart from yield and 
environmental issues, crop nutrient use is known to affect grain quality, but limited detailed 
knowledge is available. Consequently, grain quality together with crop yield and the consequences of 
cropping for the environment are important issues in the evaluation of agricultural sustainability. A 
field experiment including different varieties of spring and winter wheat grown at two fertilization 
levels was carried out in Uppsala, Central Sweden, in 2010. The major goal was to evaluate the 
relationships between yield, nitrogen (N) economy and grain quality (e.g. fructan), and the basic 
hypothesis was that there is genetic variation in important N use efficiency traits and grain quality. 
The wheat varieties varied in terms of N uptake efficiency, grain-specific N efficiency and the grain N 
concentration. These are all components of the overall N use efficiency. We conclude that there is 
genetic variation in all important N use efficiency traits and fructan content. In addition, significant 
relationships between N use efficiency components and fructan content in grain indicate that grain 
quality needs to be considered in any attempts to improve sustainability in cereal agriculture by 
means of increased nutrient use efficiency. The results are discussed in the context of the efficiency 
of the use of fertilizers in relation to grain yield and quality, which are important issues affecting the 
economy for farmers and the agro-industrial sector. 
 
Keywords: fructan, grain quality, growth, nutrient, Sweden, Triticum aestivum, winter wheat 
 

1. Introduction 
Agriculture is today dependent on the addition of fertilizers to secure food production. However, 
further increases in fertilizer application are unlikely to be effective at increasing yields, and the 
fertilizer efficiency of cereal production has in fact been decreasing during the last decades (Tilman 
et al., 2002). The use of mineral fertilizers is also associated with substantial costs for the farmer and 
the manufacture of the fertilizers consumes much energy and contributes to global warming and 
other environmental problems associated with high energy consumption. Fertilizers spread on the 
field, but not used by the crop, are likely to contribute to additional environmental problems. A 
functional concept for the assessment of nutrient use efficiency in annual (incl. cereals) and 
perennial crops was recently developed (Weih et al., 2011). The method integrates the whole  
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Much work has been done on figuring out what to conserve, while relatively little attention has been 
put on how conservation is to take place. Conservation of species or habitats often entails changing 
management practices. Current agri-environmental schemes often use fixed payments for certain 
conservation purposes without knowing what land owners' true opportunity costs are. This makes it 
difficult to scale payments so that the desired conservation targets are met. The first contribution of 
this paper is to look at how auctions can remedy this problem. Our focus is on reverse uniform price 
auctions, a variant of Vickrey auctions, which has the desirable properties of truthful revelation of 
the costs of supplying conservation, and hence also a more reliable measure of the information rents 
than other payment schemes. A particular problem related to the use of auctions to supply 
conservation in agriculture is that a large – and increasing share – of the agricultural acreage in the 
Nordic countries is leased. We show how the introduction of auctions transfers wealth to land 
operators. On one hand, this is a desirable property as a larger share of the payments accrues to 
providers. On the other hand, reduced value of the land for land owners makes it more likely that 
some agricultural land will be converted to other uses with the undesirable effect that conservation 
values may be lost. This contribution is mainly analytical, providing comparative statics of the 
equilibria that are likely to emerge and insights on the factors influencing these equlibria outcomes. 
Currently, only farms that are registered as businesses are eligible for conservation payments in 
Norwegian agriculture. The use of auctions opens for other groups like hobby farmers or 
associations, which widens the scope for conservation on agricultural lands. This could be important 
for some special issues like biodiversity on old meadows, where some species require manual cutting 
of the grass.  
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life-cycle of the crop as well as three major components of nutrient use efficiency: nutrient uptake 
efficiency, grain-specific nutrient efficiency and grain nutrient concentration at harvest. Mineral 
nutrient uptake and utilization of cereals may also affect important quality parameters (e.g. Saint-
Pierre et al., 2008). We currently lack good knowledge of the genetic variation in the different 
components contributing to cereal nutrient use efficiency, and how the variation in the components 
is related to grain quality parameters. The consequences of cropping for the environment, crop yield 
and grain quality aspects are important issues in the evaluation of agricultural sustainability (Fig. 1).  
 

 
Figure 1. Overview of the relationships between the environment, 
crop nutrient use, crop yield and grain quality, and their effects on 
agricultural sustainability. 
 
Wheat is an important cereal in Scandinavia and globally. More knowledge about how much of the 
major nutrients (among them nitrogen) different wheat varieties can utilize under different growth 
conditions, and how the nutrient use efficiency is related to yield and grain quality aspects, is needed 
for establishing appropriate management plans that promote profitable and environmentally sound 
agriculture. A particularly interesting aspect of grain quality is the grain content of fructan. Fructan is 
an indigestible carbohydrate entering the colon of humans and animals and therefore acts as a 
dietary fibre component. Fructan in cereals is similar to fructan in the chicory root, where it is called 
inulin. Inulin has been studied frequently due to its prebiotic effects (Nyman, 2002), while fructan in 
cereals has not been studied to the same extent. Fructan has probably similar prebiotic effects as 
inulin in the human colon, e.g. improved gut health. Fructan content is also related to abiotic stress 
in plants, for example freezing and drought stress through a capacity to stabilise membranes during 
drying (Livingstone et al., 2009). The grain content of fructan and its relation to environmental 
factors has not been studied to a large extent. 
 
The overall objective is to evaluate the nitrogen use efficiency (NUE), including its three major 
components (N uptake efficiency, grain-specific N efficiency, grain N content) and fructan content in 
grain of various winter wheat varieties grown under different nutrient availability. We hypothesized 
that there is considerable genetic variation in NUE components and fructan content in grain among 
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winter wheat varieties grown in Scandinavia. To test the hypotheses, we used preliminary data from 
a field experiment carried out in Central Sweden, in which six winter wheat varieties were grown 
under two nutrient fertilization regimes during the 2009/2010 season. 
 

2. Material and methods 
2.1. Experimental design 
Winter wheat was grown in a split-plot design with nitrogen level as main plot and variety as sub-
plot. Six wheat varieties and two nitrogen levels, with and without applied N-fertilizer, were tested in 
four replicates. This design was part of a larger design containing both winter and spring wheat, 
which is not discussed in this paper. The plots were 2 × 16 m in size with 6 m2 in both ends available 
for destructive sampling and 20 m2 in the middle being kept intact for final harvest.  
 
2.2. Varietal information 
Winter wheat (Triticum aestivum L.) varieties ‘Harnesk’, ‘Kosack’, ‘Kranich’, ‘Loyal’, ‘Olivin’, and a 
landrace of German origin were used.  
 
2.3. Experimental site 
The field site was situated near Uppsala, Sweden (59° 50'N, 17° 47'E). The previous crop was pea. The 
top 30 cm of the soil was silty clay (British Standards Institution) with 5.6% organic matter content. 
The mean total amounts of ammonium and nitrate nitrogen in 0–90 cm of the soil was 33 kg ha-1 
after sowing in autumn and 80 kg ha-1 before addition of fertilizer in spring.  
 
The mean temperature of the period between sowing and harvest was 5.2°C, and the precipitation 
sum was 511 mm during this period. The mean temperatures for May, June, July and August were 
11.0°C, 15.0°C, 20.4°C and 16.5°C respectively, and the precipitation sums were 54, 38, 69 and 
89 mm, respectively (climate data from the Ultuna meteorological station situated 10 km from the 
experimental site).  
 
2.4. Management 
The sowing took place the 2nd of October 2009 with a density of about 400 viable kernels m-2. On the 
30th of April 2010 the high N treatment received 81 kg N ha-1 as ammonium nitrate mixed with 
calcium carbonate and sulfur (27% N). The control treatment (no N) did not receive any N 
fertilization. Weeds were controlled by herbicides. Pests and diseases were not a major problem and 
were not controlled. 
 
2.5. Plant sampling and chemical analysis 
The number of plants m-2 was assessed the 10th of December 2009 and the 27th of April 2010 by 
counting plants on four running meters in each plot. Grain yield was determined from 20 m2 per plot 
the 28th of August 2010. Sub samples of grains were analysed for water and N contents using the 
near infrared transmittance (NIT) method (Infratec™ 1241 Grain Analyzer, Foss, Denmark). Thousand 
kernel weight was determined from 500 kernels per sample. Plant N contents at the beginning and 
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life-cycle of the crop as well as three major components of nutrient use efficiency: nutrient uptake 
efficiency, grain-specific nutrient efficiency and grain nutrient concentration at harvest. Mineral 
nutrient uptake and utilization of cereals may also affect important quality parameters (e.g. Saint-
Pierre et al., 2008). We currently lack good knowledge of the genetic variation in the different 
components contributing to cereal nutrient use efficiency, and how the variation in the components 
is related to grain quality parameters. The consequences of cropping for the environment, crop yield 
and grain quality aspects are important issues in the evaluation of agricultural sustainability (Fig. 1).  
 

 
Figure 1. Overview of the relationships between the environment, 
crop nutrient use, crop yield and grain quality, and their effects on 
agricultural sustainability. 
 
Wheat is an important cereal in Scandinavia and globally. More knowledge about how much of the 
major nutrients (among them nitrogen) different wheat varieties can utilize under different growth 
conditions, and how the nutrient use efficiency is related to yield and grain quality aspects, is needed 
for establishing appropriate management plans that promote profitable and environmentally sound 
agriculture. A particularly interesting aspect of grain quality is the grain content of fructan. Fructan is 
an indigestible carbohydrate entering the colon of humans and animals and therefore acts as a 
dietary fibre component. Fructan in cereals is similar to fructan in the chicory root, where it is called 
inulin. Inulin has been studied frequently due to its prebiotic effects (Nyman, 2002), while fructan in 
cereals has not been studied to the same extent. Fructan has probably similar prebiotic effects as 
inulin in the human colon, e.g. improved gut health. Fructan content is also related to abiotic stress 
in plants, for example freezing and drought stress through a capacity to stabilise membranes during 
drying (Livingstone et al., 2009). The grain content of fructan and its relation to environmental 
factors has not been studied to a large extent. 
 
The overall objective is to evaluate the nitrogen use efficiency (NUE), including its three major 
components (N uptake efficiency, grain-specific N efficiency, grain N content) and fructan content in 
grain of various winter wheat varieties grown under different nutrient availability. We hypothesized 
that there is considerable genetic variation in NUE components and fructan content in grain among 
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end of major growth period will be determined. For the purpose of this study, the plant N contents at 
the beginning and end of the major growth period were estimated at 10% and 80% of the final plant 
N content, for which a final N allocation of 25% roots, 25% straw and 50% grain was assumed. 
Fructan content of grains was determined with the enzymatic/spectrophotometric AOAC method 
999.03 (McCleary et al., 2000) using the enzyme kit K-FRUC (Megazyme, Bray, Ireland) as described 
by Haskå et al. (2008). 
 
2.6. Assessment of NUE 
For the assessment of NUE, we used the concept proposed by Weih et al. (2011). According to this 
approach, the overall crop NUE is the N content of produced grain per unit of N content in seed grain 
(g N (g N)-1), and broken down into three major components: 
 
NUE = UN · EN, g · CN, g 
 
The mean N uptake efficiency (UN) is the mean N content during major growth period per unit N 
content in seed grain (g N (g N)-1). The major growth period starts with accelerated plant growth in 
spring and ends with the beginning of grain filling. The grain-specific N efficiency (EN, g) reflects the 
grain biomass produced per unit of mean plant N content during major growth period (g biomass (g 
N)-1), and the grain N concentration (CN, g) reflects N conservation or storage (g N (g biomass)-1). The 
calculation of NUE and its components on basis of the mean plant N content during the major growth 
period instead of the final plant N content at crop harvest is a major conceptual difference between 
our approach (Weih et al., 2011) and other common approaches used in agricultural research (cf. 
Moll et al., 1982). 
 

3. Results 
Compared to the mean grain yield commonly achieved in Central Sweden (c. 650 g m-2), the grain 
yield in this experiment was low (Table 1) due to a hot and dry period between June and July 2010. 
The produced grain biomass ranged more than 2-fold from 257 g m-2 in the German landrace (no 
fertilization) to 567 g m-2 in ‘Harnesk’ (fertilized plots). The NUE varied by a factor of 4 across the 
whole data set and up to 2.5-fold among the varieties within treatments (Table 1). The fructan 
content of grain varied 1.5-fold across the whole data set. 
 
The NUE as well as all its components and fructan content in grain were significantly affected by 
wheat variety (Table 1; ANOVA, P<0.001 for variety). The NUE was increased by nutrient fertilization, 
mainly due to positive effects of fertilization on the UN and CN, g (Table 1; ANOVA, P<0.001 for 
treatment). The EN, g was inversely correlated to UN (Pearson correlation, r=-0.30, P=0.036, n=48) and 
CN, g (r=-0.99, P<0.001, n=48). The fructan content in grain decreased with increased nutrient 
fertilization across all varieties in which the fructan content was determined (Table 1, ANOVA, 
P=0.004 for treatment). The effects of nutrient fertilization on NUE traits and fructan content were 
similar across all varieties, i.e. no significant interaction effects were found in ANOVA for any of the 
traits measured. 
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Table 1. Means of various N use efficiency (NUE) traits and fructan content in grain assessed in six 
winter wheat varieties field-grown in Central Sweden under no fertilization (no N) and fertilized (+N) 
conditions; n=4 replicate plots; UN=mean N uptake efficiency; EN, g=grain-specific N efficiency; 
CN, g=grain N concentration (see Materials and methods) 

Cultivar Nitrogen 
Grain yield 

(biomass, g m-2) 
UN 

(g g-1) 
EN, g 

(g g-1) 
CN, g 

(g g-1) 
NUE 

(g g-1) 
Fructan 

(%) 

Harnesk 
 

Kranich 
 

Loyal 
 

Kosack 
 

Olivin 
 

Landrace 

no N 
+N 

no N 
+N 

no N 
+N 

no N 
+N 

no N 
+N 

no N 
+N 

402 
567 

373 
522 

360 
557 

332 
548 

400 
489 

257 
396 

15.6 
24.6 

17.3 
27.4 

13.1 
22.2 

14.4 
31.1 

16.0 
20.3 

7.2 
14.1 

112.3 
95.4 

89.8 
88.2 

109.4 
99.6 

104.8 
89.6 

96.0 
90.4 

91.3 
78.9 

0.0132 
0.0157 

0.0165 
0.0168 

0.0135 
0.0149 

0.0142 
0.0166 

0.0155 
0.0164 

0.0162 
0.0188 

23.1 
36.4 

25.6 
40.6 

19.4 
32.8 

21.4 
45.9 

23.7 
30.0 

10.7 
20.9 

1.06 
1.03 

1.11 
1.06 

1.25 
1.19 

n.d.1 
n.d.1 

n.d.1 
n.d.1 

0.90 
0.86 

1 n.d. = not determined. 

 
The grain yield was strongly correlated with the UN and NUE (Pearson correlation, r≥0.89, P<0.001, 
n=48) and unrelated to EN, g, CN, g and fructan content (%) in grain (Pearson correlations, P≤0.133). 
The fructan content significantly increased with EN, g (Pearson correlation, r=0.63, P<0.001, n=32) and 
decreased with increased CN, g (Pearson correlation, r=-0.65, P<0.001, n=32). 
 

4. Discussion 
Various approaches are currently applied to evaluate plant NUE, but the various approaches are 
often not compatible and the research performed is difficult to integrate due to lack of a common 
basis. Weih et al. (2011) proposed a flexible concept that could contribute to such integration by 
offering a common basis for the assessment of NUE in different crops (food, energy, annual, 
perennial crops) and applicable in various contexts, e.g. the assessment of NUE based on seed, soil or 
fertilizer N. A popular concept for the assessment of NUE in cereals has been the approach by Moll et 
al. (1982). The approach by Moll et al. (1982) certainly is meaningful in an applied agronomic 
perspective with focus only on cereals, but has limitations especially when the NUE of different crops 
and production systems should be compared. Of the three components of NUE, the greatest 
variation among varieties and treatments was found in N uptake efficiency (UN). This result is in 
accordance with other research highlighting the importance of N uptake efficiency in the search for 
traits improving wheat N economy (Foulkes et al., 2009). Further analysis of N uptake dynamics in 
relation to biomass production during the major growth period will allow insight into the genotypic 
variation in N accumulation and N productivity among the varieties. As a general pattern, the UN was 
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end of major growth period will be determined. For the purpose of this study, the plant N contents at 
the beginning and end of the major growth period were estimated at 10% and 80% of the final plant 
N content, for which a final N allocation of 25% roots, 25% straw and 50% grain was assumed. 
Fructan content of grains was determined with the enzymatic/spectrophotometric AOAC method 
999.03 (McCleary et al., 2000) using the enzyme kit K-FRUC (Megazyme, Bray, Ireland) as described 
by Haskå et al. (2008). 
 
2.6. Assessment of NUE 
For the assessment of NUE, we used the concept proposed by Weih et al. (2011). According to this 
approach, the overall crop NUE is the N content of produced grain per unit of N content in seed grain 
(g N (g N)-1), and broken down into three major components: 
 
NUE = UN · EN, g · CN, g 
 
The mean N uptake efficiency (UN) is the mean N content during major growth period per unit N 
content in seed grain (g N (g N)-1). The major growth period starts with accelerated plant growth in 
spring and ends with the beginning of grain filling. The grain-specific N efficiency (EN, g) reflects the 
grain biomass produced per unit of mean plant N content during major growth period (g biomass (g 
N)-1), and the grain N concentration (CN, g) reflects N conservation or storage (g N (g biomass)-1). The 
calculation of NUE and its components on basis of the mean plant N content during the major growth 
period instead of the final plant N content at crop harvest is a major conceptual difference between 
our approach (Weih et al., 2011) and other common approaches used in agricultural research (cf. 
Moll et al., 1982). 
 

3. Results 
Compared to the mean grain yield commonly achieved in Central Sweden (c. 650 g m-2), the grain 
yield in this experiment was low (Table 1) due to a hot and dry period between June and July 2010. 
The produced grain biomass ranged more than 2-fold from 257 g m-2 in the German landrace (no 
fertilization) to 567 g m-2 in ‘Harnesk’ (fertilized plots). The NUE varied by a factor of 4 across the 
whole data set and up to 2.5-fold among the varieties within treatments (Table 1). The fructan 
content of grain varied 1.5-fold across the whole data set. 
 
The NUE as well as all its components and fructan content in grain were significantly affected by 
wheat variety (Table 1; ANOVA, P<0.001 for variety). The NUE was increased by nutrient fertilization, 
mainly due to positive effects of fertilization on the UN and CN, g (Table 1; ANOVA, P<0.001 for 
treatment). The EN, g was inversely correlated to UN (Pearson correlation, r=-0.30, P=0.036, n=48) and 
CN, g (r=-0.99, P<0.001, n=48). The fructan content in grain decreased with increased nutrient 
fertilization across all varieties in which the fructan content was determined (Table 1, ANOVA, 
P=0.004 for treatment). The effects of nutrient fertilization on NUE traits and fructan content were 
similar across all varieties, i.e. no significant interaction effects were found in ANOVA for any of the 
traits measured. 
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negatively associated with grain-specific N efficiency (EN,g) and grain N concentration (CN,g) in this 
experiment. The grain N concentration usually is closely related to the concentration of protein in 
grain (Fajersson, 1961; Wang et al., 2008), which is an important quality parameter for both food and 
feed. Assuming close relationship between CN,g and grain protein concentration, our results indicate a 
negative association between the N uptake efficiency and protein concentration in grain, which 
needs to be considered in plant breeding efforts towards improved N economy through increased N 
uptake efficiency. 
 
The addition of mineral nutrient fertilizer increased the protein concentration, but decreased the 
fructan content in grain, and these two quality parameters were overall negatively associated in our 
study. Increasing the major NUE component UN by means of fertilizer application is therefore likely to 
affect grain protein positive, but fructan content negative. In contrast, increase of the EN,g, another 
important NUE component, would likely go along with a positive effect on fructan and negative 
effect on protein content. The pattern needs to be corroborated by studies including a greater 
number of genotypes.  
 
The fructan contents determined here are low compared to the values reported for other cerals, but 
similar compared to other studies on wheat (Fretzdorff and Welge, 2003; Haskå et al., 2008). Much 
higher fructan contents are found in rye (4–6%) (Hansen et al., 2003; Andersson et al., 2009; Rakha et 
al., 2010) and barley (2–5%) (unpublished data). In addition, fructan contents appear to increase with 
environmental stress (Hendry, 1993; Livingstone et al., 2009), which would be supported by our 
results if the low-fertilization treatment is interpreted as the more stressful environment of the two 
treatments considered here. Also Hou et al. (2002) showed that increased nitrogen application 
decreased fructan accumulation in wheat, which is in accordance with our results. In contrast, Ni et 
al. (2010) found that additional nitrogen increased the content of fructan in waxy wheat. Future 
studies on the relationships between nutrient use efficiency, cereal productivity, grain quality and 
the environment (cf. Fig. 1) should include cereals with generally higher fructan content than wheat 
(e.g. barley, rye), and the critical environmental factors that, according to future scenarios, are most 
likely to affect agriculture, e.g. drought (Fogelfors et al., 2008). 
 

5. Conclusion 
We found great genetic variation in NUE and its components across six varieties of winter wheat 
grown under two nutrient fertilization treatments in Central Sweden. The fructan content (%) in grain 
was generally low and varied moderately (factor 1.5) between the varieties and treatments. The 
addition of mineral nutrient fertilizer results in enhanced protein content, but decreased fructan 
content in winter wheat grain. Several significant relationships between NUE components and 
fructan content in grain indicate that grain quality needs to be considered in any attempts to 
improve sustainability in cereal agriculture by means of increased nutrient use efficiency. 
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negatively associated with grain-specific N efficiency (EN,g) and grain N concentration (CN,g) in this 
experiment. The grain N concentration usually is closely related to the concentration of protein in 
grain (Fajersson, 1961; Wang et al., 2008), which is an important quality parameter for both food and 
feed. Assuming close relationship between CN,g and grain protein concentration, our results indicate a 
negative association between the N uptake efficiency and protein concentration in grain, which 
needs to be considered in plant breeding efforts towards improved N economy through increased N 
uptake efficiency. 
 
The addition of mineral nutrient fertilizer increased the protein concentration, but decreased the 
fructan content in grain, and these two quality parameters were overall negatively associated in our 
study. Increasing the major NUE component UN by means of fertilizer application is therefore likely to 
affect grain protein positive, but fructan content negative. In contrast, increase of the EN,g, another 
important NUE component, would likely go along with a positive effect on fructan and negative 
effect on protein content. The pattern needs to be corroborated by studies including a greater 
number of genotypes.  
 
The fructan contents determined here are low compared to the values reported for other cerals, but 
similar compared to other studies on wheat (Fretzdorff and Welge, 2003; Haskå et al., 2008). Much 
higher fructan contents are found in rye (4–6%) (Hansen et al., 2003; Andersson et al., 2009; Rakha et 
al., 2010) and barley (2–5%) (unpublished data). In addition, fructan contents appear to increase with 
environmental stress (Hendry, 1993; Livingstone et al., 2009), which would be supported by our 
results if the low-fertilization treatment is interpreted as the more stressful environment of the two 
treatments considered here. Also Hou et al. (2002) showed that increased nitrogen application 
decreased fructan accumulation in wheat, which is in accordance with our results. In contrast, Ni et 
al. (2010) found that additional nitrogen increased the content of fructan in waxy wheat. Future 
studies on the relationships between nutrient use efficiency, cereal productivity, grain quality and 
the environment (cf. Fig. 1) should include cereals with generally higher fructan content than wheat 
(e.g. barley, rye), and the critical environmental factors that, according to future scenarios, are most 
likely to affect agriculture, e.g. drought (Fogelfors et al., 2008). 
 

5. Conclusion 
We found great genetic variation in NUE and its components across six varieties of winter wheat 
grown under two nutrient fertilization treatments in Central Sweden. The fructan content (%) in grain 
was generally low and varied moderately (factor 1.5) between the varieties and treatments. The 
addition of mineral nutrient fertilizer results in enhanced protein content, but decreased fructan 
content in winter wheat grain. Several significant relationships between NUE components and 
fructan content in grain indicate that grain quality needs to be considered in any attempts to 
improve sustainability in cereal agriculture by means of increased nutrient use efficiency. 
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IMPORTANT FACTORS INFLUENCING WINTER OIL-SEED RAPE SEED YIELD 
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Liela street 2, Jelgava, LV-3001, Latvia; zinta.gaile@llu.lv 

 
It is essential to obtain high rape (Brassica napus ssp. oleifera) seed yields for profitable bio-fuel 
production. Winter oil-seed rape gives higher yields if compared with spring rape in Latvian 
conditions, but yield level depends from both meteorological, as well as agrotechnical factors. In 
order to investigate influence of sowing date and rate, and fungicide (as growth regulator in autumn) 
application on rape seed yield, field trial was arranged in Research and Study farm “Vecauce” during 
years 2007 (1st sowing autumn) until 2010. Split plot design was used for field trial, and treatments 
were arranged randomly in four times replicated 10-m2 plots. Two type cultivars were used: 
‘Excalibur’ – hybrid, and ‘Californium’ – line. Rape was sown on five dates, starting with August 1 at 
ten-day intervals. Four sowing rates were used for each variety: 120, 100, 80, and 60 germinate able 
seeds per 1 m2 for line cultivar and 80, 60, 40, 20 germinate able seeds per 1 m2 for hybrid cultivar. 
Fungicide as growth regulator was applied for rape plants at 4–6 leaves stage for crop sown at first 
three sowing dates. ANOVA procedures were used for data statistical analyses. The biggest and 
substantial (P<0.05) influence on seed yield had sowing date (η=29% for ‘Californium’ and η=32% for 
‘Excalibur’). Although sowing rate had significant (P<0.05) influence on obtained seed yield, still it 
was minimal (η=1–7% depending on cultivar). Fungicide (as growth regulator) application in autumn 
caused seed yield increase for both cultivars in all trial years, but for ‘Californium’ it was substantial 
(P<0.05) during the whole period, whilst for ‘Excalibur’ in two years: 2008 and 2010. Obtained results 
up to now demonstrated the 10th August as the best sowing time for line cultivar and the 20th 
August – for the hybrid cultivar. Yield decrease was noted in earlier as wel as in later sowing times. 
Meteorological conditions influenced seed yield of both cultivars substantially (P<0.05).  
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THE OPTIMAL NITROGEN FERTILIZER RATE FOR SPRING WHEAT 
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Field experiments were conducted to test the yield responses of spring wheat (Triticum aestivum L.) 
using six rates (from 0 to 250 kg ha-1, step 50 kg ha-1) of N fertilizer on loam and sandy loam after 
spring wheat, potatoes, and after red clover and ryegrass mixture (grass), at Skriveri, Latvia, in the 
years1999, 2000 and 2001. As background fertilizer we used 60 kg ha-1 P2O5 as superphosphate, and 
90 kg ha-1 K2O as potassium chloride. Yield data of field trials were subject to multifactorial (4) 
ANOVA analysis considering Statistical Package for the Social Sciences (SPSS) program and applying 
General Linear Model procedure. The economic optimum was calculated using polynomial 
regression. The crude protein content in grain due optimal nitrogen fertilizer rate was performed by 
linear regression analysis. The aim was to clarify the optimal nitrogen fertilizer rate for the spring 
wheat depending on the pre – crops and grading composition of soil, and their interaction. 
Multifactorial (4) ANOVA analysis showed that nitrogen fertilizer, pre-crops and soil had made 
essential impact on the grain yield level, as separate factors, and their interaction as well 
(Sig. 0.000<0.05). Calculated, economically optimal nitrogen fertilizer rates was influenced both by 
pre-crop and texture of soil: within sandy loam, after spring wheat, it was 136 kg ha-1 N, after 
potatoes – 80 kg ha-1 N, and after grass – 61 kg ha-1 N; within loamy soil; on the other hand, optimal 
nitrogen fertilizer rate after spring wheat was 130 kg ha-1 N, after potatoes – 104 kg ha-1 N, and after 
grass – 75 kg ha-1 N. By using nitrogen fertilizer, one must consider the impact of pre-crops and 
texture of soil since they essentially change the level of grain yield. However, the crude protein 
content by economically optimal nitrogen fertilizer rates was not the limiting index of milling wheat. 
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It is essential to obtain high rape (Brassica napus ssp. oleifera) seed yields for profitable bio-fuel 
production. Winter oil-seed rape gives higher yields if compared with spring rape in Latvian 
conditions, but yield level depends from both meteorological, as well as agrotechnical factors. In 
order to investigate influence of sowing date and rate, and fungicide (as growth regulator in autumn) 
application on rape seed yield, field trial was arranged in Research and Study farm “Vecauce” during 
years 2007 (1st sowing autumn) until 2010. Split plot design was used for field trial, and treatments 
were arranged randomly in four times replicated 10-m2 plots. Two type cultivars were used: 
‘Excalibur’ – hybrid, and ‘Californium’ – line. Rape was sown on five dates, starting with August 1 at 
ten-day intervals. Four sowing rates were used for each variety: 120, 100, 80, and 60 germinate able 
seeds per 1 m2 for line cultivar and 80, 60, 40, 20 germinate able seeds per 1 m2 for hybrid cultivar. 
Fungicide as growth regulator was applied for rape plants at 4–6 leaves stage for crop sown at first 
three sowing dates. ANOVA procedures were used for data statistical analyses. The biggest and 
substantial (P<0.05) influence on seed yield had sowing date (η=29% for ‘Californium’ and η=32% for 
‘Excalibur’). Although sowing rate had significant (P<0.05) influence on obtained seed yield, still it 
was minimal (η=1–7% depending on cultivar). Fungicide (as growth regulator) application in autumn 
caused seed yield increase for both cultivars in all trial years, but for ‘Californium’ it was substantial 
(P<0.05) during the whole period, whilst for ‘Excalibur’ in two years: 2008 and 2010. Obtained results 
up to now demonstrated the 10th August as the best sowing time for line cultivar and the 20th 
August – for the hybrid cultivar. Yield decrease was noted in earlier as wel as in later sowing times. 
Meteorological conditions influenced seed yield of both cultivars substantially (P<0.05).  
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FINDUS WAY OF “LOW INPUT SUSTAINABLE AGRICULTURE” 
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Since more than 30 years Findus R&D Department consolidated the work with vegetable cultivation 
with the specific aim of reducing the environmental impact, and notably the utilisation of pesticides 
and fertilizers. Today we routinely do greenhouse bio-tests of soils to ensure selection of fields with 
low presence of pea root rot pathogens which make the crop rotation for peas normally vary 
between 6 up to 12 years. Totally we grow 8000 hectares of peas. The integrated pest management 
is adapted to each individual field and in general we use lower dosages of pesticides than officially 
are recommended. The Findus way of growing vegetables is summarized in a 10-point programme – 
Findus LISA (Low Input Sustainable Agriculture). Our demonstrated results include both visible and 
invisible quality of the raw material, for instance pesticide residues are below 10 ppb (=0,01 
ppm=0,01 mg/kg raw material) – EU’s strict maximum level for baby food quality. Furthermore 
Findus growers have reduced the emission of CO2-equivalent per kg product by more than 30% 
between 1980 and 2005, according to research and a report from SIK (Swedish Institute for Food and 
Biotechnology) nr 767, 2007. From 2010 all Findus contracted farmers have a third party certification 
according to Svenskt Sigill – a Swedish national standard which also covers the majority of criteria of 
Globalgap an international standard for third party certification. In 2010, eleven farmers growing leaf 
vegetables for Findus also completed their third party climate certification according to Svenskt Sigill.  
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SOIL FERTILITY DEVELOPMENT IN SWEDISH LONG-TERM FIELD EXPERIMENTS 
 

Holger Kirchmann, Thomas Kätterer, Gunnar Börjesson, Karin Hamnér and Lisa Ehde, Swedish 
University of Agricultural Sciences, Department of Soil and Environment, P.O. Box 7014, 

SE-75007 Uppsala, Sweden; *holger.kirchmann@slu.se 
 

Abstract 
The Swedish soil fertility experiments have been run for about 50 years. As significantly different soil 
conditions have been created over time through controlled management, the experiments provide a 
unique platform to address complex questions. Recent findings are summarized below focussing on 
changes in subsoil, micronutrients in soil and crops, phosphorus status in soil and utilization. In 
addition, highlights from a comparative study between organic and conventional farming are 
compiled. 
 
Keywords: C sequestration in subsoil, micronutrients in soil and crop, P utilization, optimal P-AL, 
organic farming, weed development, crop yield 
 

1. Background 
The Swedish soil fertility experiments were initiated 1957 by Professor L. Agerberg and started at six 
experimental sites in southern Sweden. In the early 1960s, Professor S.L. Jansson modified the design 
of the experiments and started six further sites in central Sweden. In 1969, two additional sites in 
northern Sweden were established to cover the range of climatic conditions and crop rotations 
typical for Sweden. The overall aim of the soil fertility experiments has been to “elucidate the nature 
of soil fertility, to provide a basis for soil evaluation and soil conservation” (Jansson, 1975, 1978). 
Significantly different soil conditions have been created over time through controlled management. 
The experiments provide a unique platform to address complex questions and a large number of 
investigations have been carried out over the years. In the following, highlights and examples of on-
going research are presented focusing on the following questions: 

• Can geophysical measurements be used to differentiate between soil conditions established 
over 50 years in the experiments? 

• Does N fertilization affect subsoil properties over the long-term? 

• To what soil depth can possible changes be detectable after 50 years growing the same type 
of crops in rotation? 

• Which role play subsoils for sequestration of carbon? 

• Are there changes in micronutrient and trace metal concentrations in crops over time due to 
different N fertilization rates? 

• Are micronutrients depleted in soil over time? 

• Which soil P-AL status is required for optimal yields by different crops and how is fertilizer P 
utilized over the long-term? 
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Since more than 30 years Findus R&D Department consolidated the work with vegetable cultivation 
with the specific aim of reducing the environmental impact, and notably the utilisation of pesticides 
and fertilizers. Today we routinely do greenhouse bio-tests of soils to ensure selection of fields with 
low presence of pea root rot pathogens which make the crop rotation for peas normally vary 
between 6 up to 12 years. Totally we grow 8000 hectares of peas. The integrated pest management 
is adapted to each individual field and in general we use lower dosages of pesticides than officially 
are recommended. The Findus way of growing vegetables is summarized in a 10-point programme – 
Findus LISA (Low Input Sustainable Agriculture). Our demonstrated results include both visible and 
invisible quality of the raw material, for instance pesticide residues are below 10 ppb (=0,01 
ppm=0,01 mg/kg raw material) – EU’s strict maximum level for baby food quality. Furthermore 
Findus growers have reduced the emission of CO2-equivalent per kg product by more than 30% 
between 1980 and 2005, according to research and a report from SIK (Swedish Institute for Food and 
Biotechnology) nr 767, 2007. From 2010 all Findus contracted farmers have a third party certification 
according to Svenskt Sigill – a Swedish national standard which also covers the majority of criteria of 
Globalgap an international standard for third party certification. In 2010, eleven farmers growing leaf 
vegetables for Findus also completed their third party climate certification according to Svenskt Sigill.  
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In addition, results from an organic cropping experiment are discussed, run for 18 years. The study 
differs from other existing one because the soil at the site had not received any mineral fertilizers 
and pesticides since the 1940s. 
 

2. Recent findings 
The long-term soil fertility experiments were mapped to determine the horizontal variability in 
electrical conductivity (EC) using EM38 equipment and the vertical variability in EC along transects 
down to 2 m depth using a multi-electrode apparatus (GeoTom RES/IP). The results showed that 
despite long-term fertilization causing different conditions in soil no significant effects on EC were 
detected between treatments. Identification of low or high soil carbon or nutrient status was not 
possible using these methods. Instead, the comparison of sites revealed high and low conductivity 
soils and the differences between sites was explained by soil texture. A significant, linear relationship 
was found between EC and soil clay content (R2=0.81). Even the EC variability within fields 
corresponded well with textural layers such as high clay content or local inclusions of coarse-textured 
materials (Lück et al., 2011). 
 
Subsoil development caused by low and high crop production levels was studied both by soil profile 
investigations and soil sampling. Profile studies revealed a darker soil colour and an improved 
structure development in soils with high N fertilization as compared to no N input. It seems that 
subsoils can be a significant sink for C sequestration. The hypothesis that high crop production will 
increase soil carbon contents not only in top- but also upper subsoils was confirmed at two sites 
(Örja and Fors). At a third site (Kungsängen), being a gyttja soil with high native soil carbon, no 
significant changes in the subsoil were detected (Kirchmann et al., data not published). 
 
Research on micronutrients in soil and crops was initiated since there is no regular application of 
micronutrients through fertilizer to most crops in Sweden and depletion or imbalances may develop 
in soil over time affecting yields without deficiency symptoms visible on crops. Furthermore, crop 
quality may be negatively affected when soils become depleted. A hypothesis also investigated was 
whether micronutrients and trace elements become diluted in crops due to yield increase. The main 
findings are that there were few significant differences in micronutrient concentrations between high 
and low yield wheat crops and that concentrations in crops are throughout very low (Kirchmann et 
al., 2009). Declining concentrations over time were only found for Fe and Cu in archived grain 
samples from high-yielding treatments. Concentrations of Se, Cr and Co in wheat crops were low 
throughout at all sites independent of the fertilizer treatment. Also samples from the Swedish 
monitoring program for crops and soil revealed that concentrations of the trace elements Se and Co 
in wheat grain are very low and not sufficient for animal demand. Not even cropping systems with 
farmyard manure resulted in increased Se concentrations in crops despite the fact that fodder has 
been enriched with selenium in Sweden since the 1980s. Compared to concentrations in grains 
reported in the literature, trace metal concentrations are definitely at the lower end. Possible 
implication for human health and nutritional recommendations should be discussed based on these 
results. 
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The fact that micronutrients and trace elements in soils revealed no significant differences between 
low and high fertilizer application rates may seem surprizing since total removal differed significantly 
between treatments over a 50 year period. However, lack of significant differences could be 
explained when taking into account removal rates of micronutrients by crops over 100 years in 
relation to total amounts present in soil. It was obvious that amounts removed are too small to cause 
measurable changes of total contents of micronutrients in soil. In fact, variations within plots were 
much larger than depletion caused by crop removal. In other words, measuring total contents of 
micronutrients or trace elements in soil is not a useful way to monitor changes over time. 
 
A number of phosphorus related questions included optimal contents of plant-available P required in 
soil for high yields and long-term use efficiency of P fertilizer were investigated. Using time series 
from 10 sites with different P-AL conditions in soil, it was found that minimum P-AL values in soil to 
achieve maximum yield were to 6.5, 6.1 and 4.7 mg P 100 g soil-1 for spring oil seed rape, spring 
barley and winter wheat, respectively. Concerning use efficiency of P fertilizer, calculations showed 
that between 60–80% of P applied is taken up by crops over time. This indicates that an earlier view 
that phosphorus once bound in soil is poorly utilized has to be revised. It seems that phosphorus 
binding and release in soil is only partly understood. 
 

3. Comparison of long-term conventional and organic farming systems on a previously 
nutrient-depleted soil – the Bjärröd experiment 
A long-term (18 year) experiment was established in 1980 at the Bjärröd farm in southern Sweden 
(55o42’N, 13o43’E, altitude 105 m) on a sandy loam soil. The soil had not received any inorganic 
fertilizers (or pesticides) since the mid-1940s and was therefore chosen to investigate organic crop 
production on a soil never exposed to chemical compounds used in modern agriculture. 
 
Soil analysis of the whole field in 1979 showed that the plow layer (0–0.3 m) was highly depleted in 
plant-available P (0.7–1.4 mg P 100 g-1 soil) and K (mean 5.7 mg K 100 g-1 dry soil) before the start of 
the experiment. A pH of 5.6 (H2O) in the plow layer indicated that the soil was acidified in the top 
layers. The organic matter content was somewhat higher than that of adjacent cultivated soils due to 
the earlier use of the field for perennial grassland. Details of the experiment are provided by 
Kirchmann et al. (2007). 
 
One organic plot and one conventional plot, both aimed at supporting dairy production but with 
different crop rotations, were established. Two unfertilized and non-limed plots from a different 
study with a similar crop rotation as that in the conventional system (forage crop replaced by barley) 
and a net size of 8 m by 40 m were used as the control treatment. Weeds in the control and 
conventional systems were treated with herbicides, mainly phenoxy acids. In the organic system, 
tillage was used for weed control. 
 
Over the 18 years of the experiment, the mean annual nutrient input to the organic systems was 108 
kg N (38 kg N from solid manure and 70 kg N from cover crops and legume residues), 50 kg P and 
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In addition, results from an organic cropping experiment are discussed, run for 18 years. The study 
differs from other existing one because the soil at the site had not received any mineral fertilizers 
and pesticides since the 1940s. 
 

2. Recent findings 
The long-term soil fertility experiments were mapped to determine the horizontal variability in 
electrical conductivity (EC) using EM38 equipment and the vertical variability in EC along transects 
down to 2 m depth using a multi-electrode apparatus (GeoTom RES/IP). The results showed that 
despite long-term fertilization causing different conditions in soil no significant effects on EC were 
detected between treatments. Identification of low or high soil carbon or nutrient status was not 
possible using these methods. Instead, the comparison of sites revealed high and low conductivity 
soils and the differences between sites was explained by soil texture. A significant, linear relationship 
was found between EC and soil clay content (R2=0.81). Even the EC variability within fields 
corresponded well with textural layers such as high clay content or local inclusions of coarse-textured 
materials (Lück et al., 2011). 
 
Subsoil development caused by low and high crop production levels was studied both by soil profile 
investigations and soil sampling. Profile studies revealed a darker soil colour and an improved 
structure development in soils with high N fertilization as compared to no N input. It seems that 
subsoils can be a significant sink for C sequestration. The hypothesis that high crop production will 
increase soil carbon contents not only in top- but also upper subsoils was confirmed at two sites 
(Örja and Fors). At a third site (Kungsängen), being a gyttja soil with high native soil carbon, no 
significant changes in the subsoil were detected (Kirchmann et al., data not published). 
 
Research on micronutrients in soil and crops was initiated since there is no regular application of 
micronutrients through fertilizer to most crops in Sweden and depletion or imbalances may develop 
in soil over time affecting yields without deficiency symptoms visible on crops. Furthermore, crop 
quality may be negatively affected when soils become depleted. A hypothesis also investigated was 
whether micronutrients and trace elements become diluted in crops due to yield increase. The main 
findings are that there were few significant differences in micronutrient concentrations between high 
and low yield wheat crops and that concentrations in crops are throughout very low (Kirchmann et 
al., 2009). Declining concentrations over time were only found for Fe and Cu in archived grain 
samples from high-yielding treatments. Concentrations of Se, Cr and Co in wheat crops were low 
throughout at all sites independent of the fertilizer treatment. Also samples from the Swedish 
monitoring program for crops and soil revealed that concentrations of the trace elements Se and Co 
in wheat grain are very low and not sufficient for animal demand. Not even cropping systems with 
farmyard manure resulted in increased Se concentrations in crops despite the fact that fodder has 
been enriched with selenium in Sweden since the 1980s. Compared to concentrations in grains 
reported in the literature, trace metal concentrations are definitely at the lower end. Possible 
implication for human health and nutritional recommendations should be discussed based on these 
results. 
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43 kg K ha-1. In the conventional system, the mean annual input was 147 kg N ha-1 (113 kg N from 
inorganic fertilizer, 23 kg N from liquid animal manure (slurry) and 11 kg N from N2-fixation), 29 kg P 
and 82 kg K ha-1. 
 
A comparison between the organically-managed and control soils showed that the control soil, 
despite no lime addition, had significantly higher soil pH-values (6.0) than the organically-treated soil 
(5.7) over the 18 years. This indicated that the organically-managed soil was more susceptible to 
acidification due to more frequent cropping of legumes. The characteristic yield level of each system 
was reached within a few years without any ‘conversion period’. Total yields between the organic 
and conventional treatments differed significantly over the whole experimental period although a 
legume was cropped every second year in the organic rotation and a higher input of P than in the 
conventional system. Mean yield level from the organic system (3170 kg dry matter ha-1 yr-1) was 
50% of that from the conventional system (6380 kg dry matter ha-1 yr-1). Weed biomass was a 
significant component in the organic system averaging 1021 ± 918 kg dry matter ha-1 yr-1 with peak 
values of around 3 Mg dry matter in beans as compared to mean values of 27 ± 45 kg dry matter ha-1 
yr-1 in the conventional system. Weeds in the organic system remained constant over time despite 
intensive mechanical weed control, whereas the weed biomass in the conventional and control 
systems decreased significantly over time. Perennial species became dominate in the organic system. 
During the second half of the experiment, field thistle (Cirsium arvense Scop.) and couch grass 
(Agropyron repens L.) became more frequent and were, together with charlock, the most abundant 
species. 
 
The main reasons for 50% lower crop yields in the organic system were lack of nitrogen and a lower 
agronomic efficiency of N in the organic system (10 kg cereal yield kg-1 N) than in the conventional 
system (17 kg cereal yield kg-1 N). The lower efficiency of N in the organic system is probably due to 
both nutrient competition between the crop and weeds, and poor synchrony between mineralization 
of organic sources of N and crop demand.  
 

4. Outlook 
Investigating soil profiles from the soil fertility sites clearly indicates that subsoil properties have a 
major impact on yield either limiting or favouring crop growth. Topsoil properties have been greatly 
affected by fertilizer addition, lime and soil management. However, constrains of subsoils on crop 
growth seem to remain even after 50 years. In other words, subsoil properties seem to be a key 
component to increase crop production. New ways to change subsoil properties to improve growth 
conditions for roots should be considered in future. We conclude that the Swedish long-term 
experiments have provided very valuable scientific knowledge on long-term changes in soil and 
effects on crop production. This knowledge is used by the extension service and for evaluating 
environmental impact of different management options. These experiments serve as a platform for 
research and a knowledge base for answering upcoming practical questions. We need these 
experiments also in the future for the development of sustainable crop production. 
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43 kg K ha-1. In the conventional system, the mean annual input was 147 kg N ha-1 (113 kg N from 
inorganic fertilizer, 23 kg N from liquid animal manure (slurry) and 11 kg N from N2-fixation), 29 kg P 
and 82 kg K ha-1. 
 
A comparison between the organically-managed and control soils showed that the control soil, 
despite no lime addition, had significantly higher soil pH-values (6.0) than the organically-treated soil 
(5.7) over the 18 years. This indicated that the organically-managed soil was more susceptible to 
acidification due to more frequent cropping of legumes. The characteristic yield level of each system 
was reached within a few years without any ‘conversion period’. Total yields between the organic 
and conventional treatments differed significantly over the whole experimental period although a 
legume was cropped every second year in the organic rotation and a higher input of P than in the 
conventional system. Mean yield level from the organic system (3170 kg dry matter ha-1 yr-1) was 
50% of that from the conventional system (6380 kg dry matter ha-1 yr-1). Weed biomass was a 
significant component in the organic system averaging 1021 ± 918 kg dry matter ha-1 yr-1 with peak 
values of around 3 Mg dry matter in beans as compared to mean values of 27 ± 45 kg dry matter ha-1 
yr-1 in the conventional system. Weeds in the organic system remained constant over time despite 
intensive mechanical weed control, whereas the weed biomass in the conventional and control 
systems decreased significantly over time. Perennial species became dominate in the organic system. 
During the second half of the experiment, field thistle (Cirsium arvense Scop.) and couch grass 
(Agropyron repens L.) became more frequent and were, together with charlock, the most abundant 
species. 
 
The main reasons for 50% lower crop yields in the organic system were lack of nitrogen and a lower 
agronomic efficiency of N in the organic system (10 kg cereal yield kg-1 N) than in the conventional 
system (17 kg cereal yield kg-1 N). The lower efficiency of N in the organic system is probably due to 
both nutrient competition between the crop and weeds, and poor synchrony between mineralization 
of organic sources of N and crop demand.  
 

4. Outlook 
Investigating soil profiles from the soil fertility sites clearly indicates that subsoil properties have a 
major impact on yield either limiting or favouring crop growth. Topsoil properties have been greatly 
affected by fertilizer addition, lime and soil management. However, constrains of subsoils on crop 
growth seem to remain even after 50 years. In other words, subsoil properties seem to be a key 
component to increase crop production. New ways to change subsoil properties to improve growth 
conditions for roots should be considered in future. We conclude that the Swedish long-term 
experiments have provided very valuable scientific knowledge on long-term changes in soil and 
effects on crop production. This knowledge is used by the extension service and for evaluating 
environmental impact of different management options. These experiments serve as a platform for 
research and a knowledge base for answering upcoming practical questions. We need these 
experiments also in the future for the development of sustainable crop production. 
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MICROBIAL CHANGES IN TOP- AND SUBSOIL IN THE ULTUNA LONG-TERM SOIL 
ORGANIC MATTER EXPERIMENT REVEALED BY PHOSPHOLIPID FATTY ACID 
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Gunnar Börjesson*, Lorenzo Menichetti, Holger Kirchmann and Thomas Kätterer, *Swedish University 
of Agricultural Sciences, Department of Soil and Environment, P.O. Box 7014, SE-75007 Uppsala, 

Sweden; gunnar.borjesson@slu.se 
 
The Ultuna long-term soil organic matter experiment, located south of Uppsala (59,82°N, 17,65°E), 
was started in 1956, and is aimed at studying the effects of different N fertilisers and organic 
amendments on soil properties. In 2009, we sampled eleven out of fifteen treatments (four 
replicates), including unfertilised bare fallow, control without N fertilizer, straw with and without N 
addition, green manure, peat, farmyard manure, sawdust, sewage sludge, calcium nitrate and 
ammonium sulphate. Sampling included the topsoil (0–20 cm) and subsoil (27–40 cm depth) in order 
to investigate a possible impact of different fertilizations on microbial changes in both soil horizons. 
The samples were analysed for concentrations of phospholipid fatty acids (PLFAs), organic C, total N 
and pH. The results showed that concentrations of PLFAs in top- and subsoils were highly correlated, 
but individual PLFAs revealed that the composition of the microbial communities were entirely 
different in top- and subsoils. The content of total PLFAs was well correlated both with total organic 
C and total N in all samples. Total PLFAs in topsoil samples were highest in the sewage sludge 

treatment, 89±22 nmol PLFA g dw-1. This result contrasts earlier findings from the sewage sludge 
treatment, showing a lower microbial biomass interpreted as an indication of microbial 
stress/inhibition caused by heavy metals. This situation changed around year 2000, when organic C in 
soil declined in this treatment. According to the PLFA data, the composition of the microbial 
community in the sewage sludge treatment is now dominated by gram-positive bacteria. A lack of 
gram-negative bacteria could also be observed among the samples from the ammonium sulphate 
treatment, in this case obviously caused by a drop in pH down to 4.2. 
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RESIDUES TO REFRACTORY SOIL ORGANIC MATTER 
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SE-75007 Uppsala, Sweden; thomas.katterer@slu.se 

 
The Ultuna soil organic matter experiment was started in 1956 to quantify long-term effects of 
organic amendments and mineral N fertilizers on crop and soil. It has 15 treatments, including a bare 
fallow, replicated in four blocks. Approximately the same amount of C is added biannually in 10 
treatments, in organic amendments such as straw, green manure, farmyard manure, sawdust, peat 
and sewage sludge. Since some treatments receive N fertilizer only, some receive organic 
amendments only and some receive both, differences in crop yield (mostly spring cereals) are 
considerable. We used the ‘equivalent soil mass’ concept considering all in- and outputs of mineral 
matter and changes in bulk density for estimating changes in the topsoil carbon stocks in all 
treatments. Carbon inputs from crops (shoots, roots plus rhizosphere deposition) were estimated 
from crop yields using allometric functions. We classified the quality of C input into six categories: 
shoots (straw, green manure), roots (including rhizosphere deposition), manure, peat, sewage sludge 
and sawdust and used a least-square method for estimating the ‘humification’ coefficient for each 
category. Here, these coefficients were simply based on the fractions of accumulated C input that 
still remains in the topsoil after 50 years. The fraction was highest for peat, followed by sewage 
sludge, sawdust and manure. The most interesting result from the current investigation is that the 
optimized coefficient for root-derived carbon was more than two times higher than that for above-
ground residues. These findings strongly support the hypothesis that roots contribute more to 
relatively stable soil C pools than the same amount of shoot-derived crop residues. 
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MICROBIAL CHANGES IN TOP- AND SUBSOIL IN THE ULTUNA LONG-TERM SOIL 
ORGANIC MATTER EXPERIMENT REVEALED BY PHOSPHOLIPID FATTY ACID 

ANALYSIS 
 

Gunnar Börjesson*, Lorenzo Menichetti, Holger Kirchmann and Thomas Kätterer, *Swedish University 
of Agricultural Sciences, Department of Soil and Environment, P.O. Box 7014, SE-75007 Uppsala, 

Sweden; gunnar.borjesson@slu.se 
 
The Ultuna long-term soil organic matter experiment, located south of Uppsala (59,82°N, 17,65°E), 
was started in 1956, and is aimed at studying the effects of different N fertilisers and organic 
amendments on soil properties. In 2009, we sampled eleven out of fifteen treatments (four 
replicates), including unfertilised bare fallow, control without N fertilizer, straw with and without N 
addition, green manure, peat, farmyard manure, sawdust, sewage sludge, calcium nitrate and 
ammonium sulphate. Sampling included the topsoil (0–20 cm) and subsoil (27–40 cm depth) in order 
to investigate a possible impact of different fertilizations on microbial changes in both soil horizons. 
The samples were analysed for concentrations of phospholipid fatty acids (PLFAs), organic C, total N 
and pH. The results showed that concentrations of PLFAs in top- and subsoils were highly correlated, 
but individual PLFAs revealed that the composition of the microbial communities were entirely 
different in top- and subsoils. The content of total PLFAs was well correlated both with total organic 
C and total N in all samples. Total PLFAs in topsoil samples were highest in the sewage sludge 

treatment, 89±22 nmol PLFA g dw-1. This result contrasts earlier findings from the sewage sludge 
treatment, showing a lower microbial biomass interpreted as an indication of microbial 
stress/inhibition caused by heavy metals. This situation changed around year 2000, when organic C in 
soil declined in this treatment. According to the PLFA data, the composition of the microbial 
community in the sewage sludge treatment is now dominated by gram-positive bacteria. A lack of 
gram-negative bacteria could also be observed among the samples from the ammonium sulphate 
treatment, in this case obviously caused by a drop in pH down to 4.2. 
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SHORT-TERM EFFECTS OF TILLAGE PRACTICES ON SOIL RESPIRATION IN A 
CLAY SOIL IN SWEDEN 

 
Veera Kainiemi*, Johan Arvidsson and Thomas Kätterer, *Swedish University of Agricultural Sciences, 
Department of Soil and Environment, Ulls väg 17, SE-75651 Uppsala, Sweden; veera.kainiemi@slu.se 

 
Reduced tillage has been suggested as a method for improving soil fertility and carbon sequestration 
in agricultural soils. Several previous field studies have shown higher carbon mineralization after 
conventional tillage activities than under no-till, but also contrasting results have been observed. 
There is a lack of data on how different tillage practices affect soil respiration in northern Europe. 
The aim of this study was to quantify the short-term (1 d to 2 months) effect of different soil tillage 
methods on soil respiration. A Swedish clay soil was tilled at two occasions in autumn 2010 with 
different techniques: moldboard ploughing, deep cultivation, shallow cultivation and no-till. The field 
experiment had a split-plot design with four blocks, tillage treatment in main plots and time of tillage 
in sub-plots. Plastic cylinders were placed in each plot immediately after the tillage and respiration 
was determined by measuring CO2 emission from the cylinders using a portable infrared gas analyzer 
(GM70, CARBOCAP®, Vaisala). Soil temperature and gravimetric water content were measured 
simultaneously adjacent to the respiration chambers. We found that respiration was significantly 
higher (P<0.001) in no-till than in tilled plots during two weeks following the first tillage occasion in 
early September. Respiration rates were lowest in ploughed and deep cultivated plots during almost 
the whole experimental period (close to 2 months). Similar results were gained from the later tillage 
treatment in October, but with lower respiration rates. Correlation between soil temperature and 
respiration was weak (Pearson r=0.40, P=0.01). Soil water content (w/w) and respiration did not 
correlate. Soil water content and temperature did not differ significantly between tillage practices 
and could therefore not explain differences in respiration. Our results indicate that further research 
is needed to understand the impact of tillage on soil respiration under different field conditions. 
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LONG-TERM EFFECTS OF ROTATION AND TILLAGE ON SOIL QUALITY 
 

Lars J. Munkholm*, Richard J. Heck and Bill Deen, *Aarhus University, Department of. Agroecology 
and Environment, P.O. Box 50, DK-8830 Tjele, Denmark; lars.munkholm@agrsci.dk 

 
Tillage and rotation are fundamental factors influencing soil quality and thus the sustainability of 
cropping systems. Many studies have focused on the effects of either tillage or rotation but few have 
quantified long term integrated effects of tillage and rotation. We studied the issue using a 30 year 
old long-term rotation and tillage treatment experiment on a Canadian silt loam soil. We 
hypothesized a better performance of no till under a versatile crop rotation than under cereal 
monoculture. In this study we carried out measurements in the topsoil for three different rotations: 
R1 (C-C-C-C) continuous corn (Zea mays L.), R6 (C-C-O(RC), B(RC)) corn, corn, oats (Avena fatua L.) 
and spring barley (Hordeum vulgare L.) and R8 (C-C-S-S) corn, corn, soybean (Glycine max L.), 
soybean. A red clover (Trifolium pretense L.) cover crop was under seeded in oats and spring barley in 
R6. In 2010, first year corn was grown in R6 and R8. The tillage treatments included no tillage (NT) 
and conventional tillage with mouldboard ploughing (MP). Topsoil structural quality was visually 
evaluated early June and mid October. Minimal disturbed soil cores early June and these were used 
for CT scanning and more traditional analysis. Soil friability was determined on the soil samples using 
a drop shatter test. Crop yield was determined and correlated to the soil quality estimates. We found 
significant effects of both rotation and tillage on visual soil structure at both times of assessment. 
Poor soil structure was found for NT except when combined with a versatile crop rotation (R6). The 
soil core pore characteristics data also displayed a significant effect of tillage but only a weak 
insignificant effect of rotation. The drop shatter test revealed results in accordance with the visual 
assessment data. Crop yield correlated significantly with the visual soil structure scores. We conclude 
that a versatile crop rotation was requested for an optimal performance of NT for the studied soil. 
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Reduced tillage has been suggested as a method for improving soil fertility and carbon sequestration 
in agricultural soils. Several previous field studies have shown higher carbon mineralization after 
conventional tillage activities than under no-till, but also contrasting results have been observed. 
There is a lack of data on how different tillage practices affect soil respiration in northern Europe. 
The aim of this study was to quantify the short-term (1 d to 2 months) effect of different soil tillage 
methods on soil respiration. A Swedish clay soil was tilled at two occasions in autumn 2010 with 
different techniques: moldboard ploughing, deep cultivation, shallow cultivation and no-till. The field 
experiment had a split-plot design with four blocks, tillage treatment in main plots and time of tillage 
in sub-plots. Plastic cylinders were placed in each plot immediately after the tillage and respiration 
was determined by measuring CO2 emission from the cylinders using a portable infrared gas analyzer 
(GM70, CARBOCAP®, Vaisala). Soil temperature and gravimetric water content were measured 
simultaneously adjacent to the respiration chambers. We found that respiration was significantly 
higher (P<0.001) in no-till than in tilled plots during two weeks following the first tillage occasion in 
early September. Respiration rates were lowest in ploughed and deep cultivated plots during almost 
the whole experimental period (close to 2 months). Similar results were gained from the later tillage 
treatment in October, but with lower respiration rates. Correlation between soil temperature and 
respiration was weak (Pearson r=0.40, P=0.01). Soil water content (w/w) and respiration did not 
correlate. Soil water content and temperature did not differ significantly between tillage practices 
and could therefore not explain differences in respiration. Our results indicate that further research 
is needed to understand the impact of tillage on soil respiration under different field conditions. 
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P.O. Box 27, FI-00014 Helsinki, Finland; *timo.sipilainen@helsinki.fi 
 

Abstract 
In this research, we measure the productivity change of piglet production on ProAgria Annual Pig 
Accounting farms (Finnish pig farms exploiting this particular advisory service) from 2003 to 2008 
using Fisher productivity index. Moreover, we apply a decomposition method in order to obtain a 
more detailed picture of factors contributing to productivity change. The examined components are 
changes in technology, technical efficiency, allocative efficiency, scale efficiency and price effect. We 
apply both aggregated indices and geometric means of farm-level indices. The two indices provide 
almost identical average annual productivity growth rates, 2.7% and 2.8%, respectively, although the 
growth patterns slightly differ. Scale efficiency is found to be the most important factor contributing 
to productivity growth. Scale efficiency improves by 1.6–2.1% per annum. Technical efficiency rises 
by 1.4% per annum. Technological change is on average slightly negative, -0.1% per year. However, 
annual changes are noteworthy. Allocative efficiency change and price effect have little impact on 
productivity change. Increasing number of sows seems to be the major cause contributing to 
productivity change, being closely connected with improving scale efficiency. Regressive 
technological change is an alarming result because technological change is the most important 
element evoking productivity growth in the long term. 
 
Keywords: productivity, decomposition, efficiency, Fisher index, DEA 
 

1. Introduction 
Productivity growth/change is an important source of enhancing profitability in agriculture. 
Therefore, the sources of productivity growth have also raised a lot of research interest. This field of 
study has evolved since Solow (1957) introduced his technical change component (Solow’s residual), 
which was at first defined as an equality between productivity growth and technical change. 
Nishimizu and Page (1982) separated technical change (the shift of the frontier) and technical 
efficiency change (change in the distance from the frontier) from each other. Scale effect has also 
been recognized as an important component of productivity change when constant returns to scale 
cannot be assumed. In this case when e.g., increasing returns to scale prevail, productivity grows 
more than proportionally with respect to the increase of inputs. Sometimes scale effect is replaced 
by scale efficiency, especially when the analysis searches for the most productive ‘technical’ scale 
size (see e.g., Balk, 2001; Rasmussen, 2010). 
 
One of the most often used decompositions has been the Malmquist index approach (Färe et al., 
1994), which is typically based on the nonparametric DEA (data envelopment analysis) estimation of 
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input or output oriented distance functions. It separates technical change and technical efficiency 
from each other as components of productivity change. In addition, decompositions of Hicks-
Moorsten type indices (Bjurek 1996, Lovell 2003) have been suggested. Also directional distance 
function approaches taking into account some undesirable outputs have been introduced (Chung et 
al., 1997). 
 
Decompositions of the Fisher index have received less attention although the Fisher index bears 
several desirable properties. Ray and Mukherjee (1996), Prieto (2006) and Kuosmanen and Sipiläinen 
(2009) have suggested productivity growth decompositions, which are based on the Fisher index. 
Despite of the fact that several decompositions have been suggested, empirical applications of these 
decompositions are still few. 
 
The aim of this study is to measure the productivity change of piglet production on ProAgria Annual 
Pig Accounting farms. The study applies the Fisher total factor productivity index and decomposes it 
following Kuosmanen and Sipiläinen (2009). 
 

2. Material and methods 
The data represent Finnish pig farms exploiting ProAgria’s particular advisory service and includes the 
information about the inputs and outputs of piglet production. The analysis concentrates on pig 
production as separated from other on-farm production. Prior the analysis obvious outliers and 
observations with missing data were removed (approximately 10% of original observations). The 
number of remaining observations in the TFP analysis varies from 54 to 90, being largest at the 
beginning of the period. We should, however, notice that the time period covered is relatively short, 
six years, from 2003 to 2008. 
 
The output consists of six output components like sales of piglets and breeding animals, and changes 
in the value of piglets and other animal capital. The components have been aggregated to one 
output. In the pairwise comparisons, the output prices for the first years have been derived by 
multilateral EKS indices and the second year’s output price indices are farm specific bilateral Fisher 
indices relative to the first year. There are five inputs: feed, labour, energy, machinery and buildings, 
and other inputs. Costs for each category are available at the farm level. In addition, the prices of 
feed are farm specific. The hourly wage for labour is derived from the general price statistics. The 
prices of energy and other outputs have been derived from the price indices published by Statistics 
Finland. 
 
The study applies the decomposition of Fisher productivity index, which is based on the method 
developed by Kuosmanen and Sipiläinen (2009). In addition to showing the productivity growth in 
general, the decomposition provides a more detailed picture about factors contributing to 
productivity change. 
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annual changes are noteworthy. Allocative efficiency change and price effect have little impact on 
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1. Introduction 
Productivity growth/change is an important source of enhancing profitability in agriculture. 
Therefore, the sources of productivity growth have also raised a lot of research interest. This field of 
study has evolved since Solow (1957) introduced his technical change component (Solow’s residual), 
which was at first defined as an equality between productivity growth and technical change. 
Nishimizu and Page (1982) separated technical change (the shift of the frontier) and technical 
efficiency change (change in the distance from the frontier) from each other. Scale effect has also 
been recognized as an important component of productivity change when constant returns to scale 
cannot be assumed. In this case when e.g., increasing returns to scale prevail, productivity grows 
more than proportionally with respect to the increase of inputs. Sometimes scale effect is replaced 
by scale efficiency, especially when the analysis searches for the most productive ‘technical’ scale 
size (see e.g., Balk, 2001; Rasmussen, 2010). 
 
One of the most often used decompositions has been the Malmquist index approach (Färe et al., 
1994), which is typically based on the nonparametric DEA (data envelopment analysis) estimation of 
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The examined components are changes in technology, technical efficiency, allocative efficiency, scale 
efficiency and price effect (Kuosmanen and Sipiläinen, 2009). The starting point is the definition of 
maximum profitability (ρ): The maximum ratio between return and cost (return to dollar) at given 
non-negative prices in a production possibilities set. 

,
( , ) max ( , )t t

x y
Tρ  ⋅

≡ ∈ ⋅ 

p yw p x y
w x

, 

where w and p are input and output prices, x and y are input and output quantities and T production 
possibilities set. Deviations from this maximum profitability are related to inefficiency or price effect, 
and the shift of the frontier over time to the changes in maximum profitability. Efficiency 
components are calculated on the other hand on the basis of input distance (Dx(x,y)) and cost (C(x,y)) 
functions, and on the other hand from output distance (Dy(x,y)) and return (R(x,y)) functions (see 
Appendix 1). Thus, the decomposition is able to separate for example input and output oriented 
technical efficiency. The distance functions are estimated by DEA. 
 

3. Results and discussion 
We apply both aggregated indices (the index based on total sums of inputs and outputs) and 
geometric means of farm-level indices. The two indices provide almost identical average annual 
productivity growth rates, 2.7% and 2.8%, respectively, although the growth patterns slightly differ as 
Table 1 indicates. Productivity increases in four of five periods. 
 
Table 1. Aggregated and average Fisher productivity indices for 2003–2008 

Period Aggregated index Average index 

2003–04 

2004–05 

2005–06 

2006–07 

2007–08 

1.044 

0.997 

1.032 

1.038 

1.025 

1.051 

1.003 

1.030 

1.019 

1.037 

 
Scale efficiency is found to be the most important factor contributing to productivity growth. 
Aggregated scale efficiency improves by 1.6% per annum and the mean scale efficiency by 2.1% per 
annum. Both aggregated and mean indices measuring technical efficiency change rise by 1.4% per 
annum. Technological change is on average slightly negative, -0.1% per year. However, annual 
changes are noteworthy. Allocative efficiency change and price effect have little impact on 
productivity change. 
 
Although productivity growth during the study period was relatively rapid, close to 3% per annum, 
we could not observe technological change i.e. the shift of the frontier, which would mean the 
improvement in the best observed productivity. Instead, productivity increased mainly due to 
enhancing scale efficiency. Thus, the structural change and growth of production units seem to be 
important sources of productivity growth in Finland where the average farm size is relatively small.  
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Table 2. Components of aggregated and average Fisher productivity indices 

 Aggregated index components Average index components 

Period ΔTC ΔPE ΔTE ΔSE ΔAE ΔTC ΔPE ΔTE ΔSE ΔAE 

2003–04 

2004–05 

2005–06 

2006–07 

2007–08 

0.957 

1.015 

0.980 

1.082 

0.965 

1.001 

0.998 

0.999 

0.996 

1.000 

1.047 

0.994 

1.012 

0.993 

1.025 

1.028 

0.987 

1.061 

0.959 

1.051 

1.012 

1.004 

0.981 

1.012 

0.986 

0.956 

1.014 

0.979 

1.083 

0.965 

1.002 

0.998 

1.000 

0.995 

0.999 

1.072 

0.994 

0.998 

0.984 

1.022 

1.021 

1.001 

1.070 

0.946 

1.072 

1.003 

0.995 

0.984 

1.016 

0.982 

 
There are no studies about the decomposition of productivity growth in Finnish pig farming, but the 
rates of productivity growth in this study are in line with the results of earlier Finnish studies. The 
level of change is also similar to Rasmussen (2010) for Danish pig farms. Rasmussen’s results show 
that in the long run, technical change and scale efficiency change have been the most important 
sources of productivity growth. Instead, there has been almost no change in technical efficiency over 
time.  
 

4. Conclusions 
Increasing number of sows seems to be the major cause contributing to productivity change, being 
closely connected with improving scale efficiency. Regressive technological change is an alarming 
result because technological change is the most important element evoking productivity growth in 
the long term. We cannot assume that average efficiencies increase from year to year, because there 
is always an attainable maximum level (100%). 
 
We have to note that the time period in our analysis is relatively short. The results may to some 
extent be period specific. Therefore, further studies covering a longer time period and a 
representative sample are needed for more profound conclusions. 
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maximum profitability (ρ): The maximum ratio between return and cost (return to dollar) at given 
non-negative prices in a production possibilities set. 
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where w and p are input and output prices, x and y are input and output quantities and T production 
possibilities set. Deviations from this maximum profitability are related to inefficiency or price effect, 
and the shift of the frontier over time to the changes in maximum profitability. Efficiency 
components are calculated on the other hand on the basis of input distance (Dx(x,y)) and cost (C(x,y)) 
functions, and on the other hand from output distance (Dy(x,y)) and return (R(x,y)) functions (see 
Appendix 1). Thus, the decomposition is able to separate for example input and output oriented 
technical efficiency. The distance functions are estimated by DEA. 
 

3. Results and discussion 
We apply both aggregated indices (the index based on total sums of inputs and outputs) and 
geometric means of farm-level indices. The two indices provide almost identical average annual 
productivity growth rates, 2.7% and 2.8%, respectively, although the growth patterns slightly differ as 
Table 1 indicates. Productivity increases in four of five periods. 
 
Table 1. Aggregated and average Fisher productivity indices for 2003–2008 

Period Aggregated index Average index 

2003–04 

2004–05 

2005–06 

2006–07 

2007–08 

1.044 

0.997 

1.032 

1.038 

1.025 

1.051 

1.003 

1.030 

1.019 

1.037 

 
Scale efficiency is found to be the most important factor contributing to productivity growth. 
Aggregated scale efficiency improves by 1.6% per annum and the mean scale efficiency by 2.1% per 
annum. Both aggregated and mean indices measuring technical efficiency change rise by 1.4% per 
annum. Technological change is on average slightly negative, -0.1% per year. However, annual 
changes are noteworthy. Allocative efficiency change and price effect have little impact on 
productivity change. 
 
Although productivity growth during the study period was relatively rapid, close to 3% per annum, 
we could not observe technological change i.e. the shift of the frontier, which would mean the 
improvement in the best observed productivity. Instead, productivity increased mainly due to 
enhancing scale efficiency. Thus, the structural change and growth of production units seem to be 
important sources of productivity growth in Finland where the average farm size is relatively small.  
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Appendix 1 
 
The Fisher ideal TFP index is the product of the technical efficiency ( TEff∆ ), technical change  

( Tech∆ ), scale efficiency ( SEff∆ ), allocative efficiency ( AEff∆ ), and the price effect (∆PE ) 
components (superscripts 0 and 1 refer to periods 0 and 1): 
 

(1) TFPF = TEff∆ ⋅ Tech∆ ⋅ SEff∆ AEff⋅∆ ⋅∆PE , 

where 

(2) TEff∆ ≡ ( )1/ 2ITEff OTEff∆ ⋅∆  

(2a)   ITEff∆ ≡ 1 1 1 0 0 0( , ) / ( , )x xD Dx y x y  

(2b)   OTEff∆ ≡ 1 1 1 0 0 0( , ) / ( , )y yD Dx y x y  
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HEDONIC PRICE ANALYSIS OF BOARDING HORSE STABLES: EVIDENCE FROM 
NORTHERN GERMANY 

 
Verena Otter* and Sebastian Hess, *Department of Agricultural Economics and Rural Development., 
Georg- August- Universität Göttingen, Platz der Göttinger Sieben 5, D-37073 Göttingen, Germany; 

verenaotter@gmx.de 
 
We seek to identify factors that affect the monthly price (stall rent) charged by boarding horse farms 
and assume that variation in prices can be explained as a function of various services provided to the 
horse, and of other attributes of the farm. A survey has been conducted in a district with an isolated 
and centrally located, medium sized city (Göttingen, Germany) in order to capture the effect of 
geographical location of a horse business relative to the residence of most of its customers. The 
survey returned n=73 different price observations from 23 different horse farms. Based on these 
data, a Hedonic Price model was estimated using regressions in order to explain the observed 
variation in prices across farms. We identify horse businesses that follow either an extensive (loose-
housing systems, single box with paddock, on pasture) or intensive (single box, single box with 
outside window) approach. Findings show that the stall rent is decreasing (increasing) in area 
required per horse for extensive (intensive) horse boarding. Regardless the type of horse business, 
however, our findings show a negative price effect caused by distance from the city center. On the 
other hand, the survey shows that farms can partly compensate this effect through specific business 
alignment: Horse farms far from the city can charge ceteris paribus a higher price per horse if they 
provide services targeted towards leisure riders, whereas horse stable farms in urban regions should 
specialize their services towards customers who mainly aim to compete in tournaments. 
Furthermore, both the frequency of marketing activities and the environmental amenities around a 
farm have a significant impact on the monthly price charged. From the perspective of regional policy 
it is noteworthy that also a particularly positive influence on the stall rent was found if the farm has 
received investment support. 
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DEVELOPMENT THROUGH ON-FARM RESEARCH? AN ASSESSMENT BASED ON 
RESPONSE FROM TANZANIAN FARMERS 

 
Fred H. Johnsen*, Dismas L. Mwaseba and Felister M. Mombo, *Department of Agricultural Sciences, 

Hedmark University College, P.O. Box 400, N-2418 Elverum, Norway; fred.johnsen@hihm.no 
 
The research program ‘Food Security and Household Income for smallholder farmers: applied 
research with emphasis on women’ (TARPII-SUA) was carried out from 2000 to 2005. The program 
was organised under the umbrella of Tanzania Agricultural Research Project Phase II (TARPII) and was 
managed by Sokoine University of Agriculture (SUA), thus the acronym TARPII-SUA. The study was 
made in a selection of villages in the Eastern Zone and Southern Highlands Zone of Tanzania which 
were project sites under TARPII-SUA. Interviews were made with all those project leaders from the 
TARPII-SUA projects who could easily be accessed. Based on the interviews, 10 projects were 
selected for field work and within each of those 10 projects field studies were done both in the 
village with highest adoption and the village with lowest adoption according to the project leader’s 
expectations. Each of the 20 study villages was addressed through a one-day field visit. The activities 
of each field visit included a key informant interview with Village Chairperson, Village Secretary or 
Village Extensionist, a group interview with villagers who were contact farmers of the TARPII-SUA 
project, and direct observation of use and impacts of the introduced technologies. The extent of 
sustained adoption of TARPII-SUA technologies varied widely, ranging from complete rejection by all 
contact farmers to cases where technologies were practiced full scale by contact farmers and had 
been taken up by many other farmers in the village as well as in neighbouring villages. Based on the 
findings in this study, several success factors are suggested including easy access to the technology 
for farmers, real farmer participation in project identification and planning, affordable inputs, easily 
marketable outputs, long term involvement in farm development beyond the normal duration of a 
project, good leadership of groups that implement project activities and active involvement of local 
institutions. 
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We seek to identify factors that affect the monthly price (stall rent) charged by boarding horse farms 
and assume that variation in prices can be explained as a function of various services provided to the 
horse, and of other attributes of the farm. A survey has been conducted in a district with an isolated 
and centrally located, medium sized city (Göttingen, Germany) in order to capture the effect of 
geographical location of a horse business relative to the residence of most of its customers. The 
survey returned n=73 different price observations from 23 different horse farms. Based on these 
data, a Hedonic Price model was estimated using regressions in order to explain the observed 
variation in prices across farms. We identify horse businesses that follow either an extensive (loose-
housing systems, single box with paddock, on pasture) or intensive (single box, single box with 
outside window) approach. Findings show that the stall rent is decreasing (increasing) in area 
required per horse for extensive (intensive) horse boarding. Regardless the type of horse business, 
however, our findings show a negative price effect caused by distance from the city center. On the 
other hand, the survey shows that farms can partly compensate this effect through specific business 
alignment: Horse farms far from the city can charge ceteris paribus a higher price per horse if they 
provide services targeted towards leisure riders, whereas horse stable farms in urban regions should 
specialize their services towards customers who mainly aim to compete in tournaments. 
Furthermore, both the frequency of marketing activities and the environmental amenities around a 
farm have a significant impact on the monthly price charged. From the perspective of regional policy 
it is noteworthy that also a particularly positive influence on the stall rent was found if the farm has 
received investment support. 
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MOTIVATION AND WILLINGNESS VERSUS BEHAVIOUR AND ACTIONS OF 
DAIRY PRODUCERS TO PARTICIPATE IN COOPERATIVE MANAGEMENT 

 
John Sumelius* and Liu Yu Xiang, *University of Helsinki, Department of Economics and Management, 

Finland; john.sumelius@helsinki.fi 
 
This study investigates what factors influence the members’ motivation and participatory behaviour 
in the management of cooperatives based on the theory of planned behaviour. Data on the opinions 
of 200 Finnish dairy farmers were collected through an electronic survey. The goal was to determine 
what factors influence members’ motivation and behaviour related to their active participation in 
management of cooperatives. Three factors that reveal motivation and willingness to participate in 
the management, namely by leaving the cooperative, or by not fulfilling their obligations (such as not 
providing milk to the cooperative dairy), or by actively taking part in management of the cooperative 
were studied. Correspondingly three forms of behaviour, namely: attending meetings, voting, and 
communicating with leaders of the cooperative were analyzed. These six dependent variables were 
empirically explained by 43 independent variables relating to personal or family characteristics, 
members’ attitudes, trust factors or members’ needs using linear probability models and multinomial 
logit models. The results show that equality and fairness in cooperatives can improve members’ 
willingness and participatory behaviour in cooperative management. Trust factors, especially trust in 
the cooperative and that manager are also crucial to members. Other factors affects their frequency 
of participation included the members level of education, debt of individual members, proportion of 
agricultural income of total annual income, frequency of communication with the cooperative 
leaders. The results point out that management should pay enough attention to members’ attitudes 
and needs, trust factors, training and competitive capability of the cooperative. 
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EVALUATING GRASSLAND FEED RESOURCE UTILIZATION BY EXTENSIVE BEEF 
FARMING 

 
Odd-Jarle Øvreås*, Leif J. Asheim, Pål Thorvaldsen and Torbjørn Haukås, *Bioforsk Norwegian 
Institute for Agricultural and environmental research, Fure, N-6967 Hellevik i Fjaler, Norway; 

odd-jarle.ovreas@bioforsk.no 
 
During the last decade the cattle population has declined by 17 percent in the Agder and Western 
Norway counties. The decline has been strongest in the coastal municipalities in Western Norway. 
The use of pasture has decreased and intensive beef production in the area is depending upon 
concentrate feeding. The study evaluates replacing 10 percent of the indoor fed bulls with castrates 
grazing two seasons, in order to increase output of biomass and reducing encroachment. Since 
castrates live longer, reaching 260 kg in 24 months, compared to 290 kg in 15 months for bulls, the 
change would result in approximately 12 600 more animals. Measures to sustain beef production still 
would have to be introduced. For the castrates grazing pasture constitute 40–45 percent and 
concentrate 10–15 percent of the energy intake. The change would require 17–18 million feeding 
units of pasture feed or about 3 400 ha of farmland and another 37 800 ha outfield pastures. 
Compared to e.g. Sweden or the US there are not much traditions for castrates in Norway. Castrates 
obtain poorer slaughter classes than bulls in the current EUROP system. The high content of Omega-3 
fatty acids and CLA in pasture based meat (Nuernberg et al, 2005, Livestock Production Science 94, 
137–147) is not reflected in the price. However, farm profit might be sustained as much 
governmental support is channeled to farmland and pasture utilization. The resources of farm 
pasture as well as access to outfield pasture together with farm buildings and labor will be decisive. 
Moreover, the costs of fencing, land degradation due to trampling in areas with heavy rainfalls or 
steep slopes as well as intestinal nematodes should be paid attention in castrate production whereas 
those problems are largely avoided in systems with bulls fed indoors. 
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John Sumelius* and Liu Yu Xiang, *University of Helsinki, Department of Economics and Management, 

Finland; john.sumelius@helsinki.fi 
 
This study investigates what factors influence the members’ motivation and participatory behaviour 
in the management of cooperatives based on the theory of planned behaviour. Data on the opinions 
of 200 Finnish dairy farmers were collected through an electronic survey. The goal was to determine 
what factors influence members’ motivation and behaviour related to their active participation in 
management of cooperatives. Three factors that reveal motivation and willingness to participate in 
the management, namely by leaving the cooperative, or by not fulfilling their obligations (such as not 
providing milk to the cooperative dairy), or by actively taking part in management of the cooperative 
were studied. Correspondingly three forms of behaviour, namely: attending meetings, voting, and 
communicating with leaders of the cooperative were analyzed. These six dependent variables were 
empirically explained by 43 independent variables relating to personal or family characteristics, 
members’ attitudes, trust factors or members’ needs using linear probability models and multinomial 
logit models. The results show that equality and fairness in cooperatives can improve members’ 
willingness and participatory behaviour in cooperative management. Trust factors, especially trust in 
the cooperative and that manager are also crucial to members. Other factors affects their frequency 
of participation included the members level of education, debt of individual members, proportion of 
agricultural income of total annual income, frequency of communication with the cooperative 
leaders. The results point out that management should pay enough attention to members’ attitudes 
and needs, trust factors, training and competitive capability of the cooperative. 
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COMPARISON OF IN VITRO AND IN SITU METHODS IN RUMINANT FEED 
EVALUATION OF IN VIVO ORGANIC MATTER DIGESTIBILITY OF FORAGES 

 
Sophie J. Krizsan*, Laura Nyholm, Juha Nousiainen, Karl-Heinz Südekum and Pekka Huhtanen, 

*Swedish University of Agricultural Sciences, Department of Agricultural Research for Northern 
Sweden, SE-90183 Umeå, Sweden; sophie.krizsan@slu.se 

 
The objective with this study was to compare the application of different in vitro and in situ methods 
in empirical and mechanistic predictions of in vivo OM digestibility (OMD) and their associations to 
NIRS spectra for a wide variety of forages. Apparent in vivo OMD of silages made from lucerne (n=3), 
whole crop maize (n=9), maize stems (n=2), grass (n=11), whole crops of wheat and barley (n=8), red 
clover (n=7), and grass hays (n=5) and wheat straws (n=4) had previously been determined in sheep 
fed at maintenance level. Concentrations of indigestible NDF (iNDF) in all forage samples were 
determined following a 288-h in situ incubation in the rumen using 3 cows. Isolated forage NDF was 
subjected to in vitro incubations with recording of gas volumes for 72 h. In vitro pepsin-cellulase 
organic matter solubility of the forages was determined by a 2-step gravimetric digestion method. 
Further, ruminal fluid digestible OM was determined from a single 96-h incubation in 38 °C. 
Digestibility of OM from the prolonged in situ and the in vitro incubations was calculated according to 
published empirical equations for the different methods. Indigestible NDF was also used in a 
mechanistic model with a calculated first order degradation rate of NDF from gas profile recordings 
to predict OMD. Predictions of OMD were evaluated by residual analysis using MIXED procedure in 
SAS. Indigestible NDF predicted OMD without any bias. However, simple regression of in vivo OMD 
on iNDF was improved when lucerne and straw samples were excluded. Generally, there were small 
differences between the in vitro and in situ methods when all observations were included in 
calibrations of iNDF and OMD by NIRS. Indigestible NDF seems to be a promising platform for 
predictions of forage OMD for a large variety of forage types.  
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A RING TEST OF A WIRELESS IN VITRO GAS PRODUCTION SYSTEM 
 

Cécile Cornou*, Ida K. Auf der Mauer Hindrichsen, Hilary Worgan, Eleanor Bakewell, David R. Yáñez 
Ruizd, Leteica Abecia, Franco Tagliapietra, Mirko Cattani, Ida Marie Lindhardt Drejer Storm, Christian 
Ritz and Hanne H. Hansen, *Department of Large Animal Science, Faculty of Life Sciences, University 

of Copenhagen, Gønnegårdsvej 2, DK-1870 Frederiksberg, Denmark; cec@life.ku.dk 
 
The in-vitro gas production (GP) technique has been widely used for feed evaluation. However, 
variability in results limits useful comparisons. Results from a ring test undertaken in 4 countries 
(Italy-IT, Spain-SP, Wales-WA and Denmark-DK) using the same wireless (ANKOM Technology) 
equipment, same feeds and same protocol are presented. A novel approach to data analysis was 
used. Hay, maize and straw samples and bottles without sample (blanks) were incubated in 4 or 5 
replications using rumen inocula from cows (DK, IT and WA) or goats (SP). Time from fluid collection 
to incubation start differed. Curves, corrected for blanks, were fitted using three nonlinear regression 
models. For each curve, the best fitting model was selected using AIC and residual variance. 
Parameters calculated from the fitted curve were: GP at 3, 6, 12, 24 and 48 hours (V3, V6, V12, V24, V48); 
rate of maximum GP (GPA); time when half of GPA is produced (t½). No differences were found 
between hay samples in DK and SP for all parameters. IT and SP were similar for 12 to 48 hours 
predicted values. GPA and t½ were similar for all countries, with one exception (DK and WA (P=0.01)). 
Differences between countries were observed for maize and straw kinetics for most parameters 
(P<0.05). However, DK, IT and SP showed no differences between predicted t½ for either hay or 
straw. The relative ranking for V12, V24 and V48 was highest for all feeds in DK and SP and always 
lowest for the IT and WA. The large variations observed among results suggest poor reproducibility of 
absolute values. This can be due to differences in donor species and time, and suggests that more 
standardization is needed. The similarity of ranking between countries, using this analytical 
approach, shows promise. 
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The objective with this study was to compare the application of different in vitro and in situ methods 
in empirical and mechanistic predictions of in vivo OM digestibility (OMD) and their associations to 
NIRS spectra for a wide variety of forages. Apparent in vivo OMD of silages made from lucerne (n=3), 
whole crop maize (n=9), maize stems (n=2), grass (n=11), whole crops of wheat and barley (n=8), red 
clover (n=7), and grass hays (n=5) and wheat straws (n=4) had previously been determined in sheep 
fed at maintenance level. Concentrations of indigestible NDF (iNDF) in all forage samples were 
determined following a 288-h in situ incubation in the rumen using 3 cows. Isolated forage NDF was 
subjected to in vitro incubations with recording of gas volumes for 72 h. In vitro pepsin-cellulase 
organic matter solubility of the forages was determined by a 2-step gravimetric digestion method. 
Further, ruminal fluid digestible OM was determined from a single 96-h incubation in 38 °C. 
Digestibility of OM from the prolonged in situ and the in vitro incubations was calculated according to 
published empirical equations for the different methods. Indigestible NDF was also used in a 
mechanistic model with a calculated first order degradation rate of NDF from gas profile recordings 
to predict OMD. Predictions of OMD were evaluated by residual analysis using MIXED procedure in 
SAS. Indigestible NDF predicted OMD without any bias. However, simple regression of in vivo OMD 
on iNDF was improved when lucerne and straw samples were excluded. Generally, there were small 
differences between the in vitro and in situ methods when all observations were included in 
calibrations of iNDF and OMD by NIRS. Indigestible NDF seems to be a promising platform for 
predictions of forage OMD for a large variety of forage types.  
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MAGNESIUM CHLORIDE IN DRY COW SILAGE TO PREVENT PARTURIENT 
HYPOCALCEMIA IN DAIRY COWS 

 
Cecilia Kronqvist*, Mikaela Jardstedt, Rolf Spörndly and Kjell Holtenius, *Swedish University of 

Agricultural Sciences, Department of Animal Nutrition and Management, Kungsängen Research 
Centre, SE-75323 Uppsala, Sweden; cecilia.kronqvist@slu.se 

 
Virtually all dairy cows experience parturient hypocalcemia, however, the extent is partly dependent 
on the acid-base status of the cow. Metabolic alkalosis increases the susceptibility to hypocalcemia, 
and is affected by the dietary cation-anion difference (DCAD) during the weeks preceding parturition. 
Dietary chloride ions are readily absorbed, thus decreasing the DCAD-value of the feed and 
decreasing the degree of alkalosis, which may improve the calcium homeostasis. Also magnesium is 
important for maintaining calcium homeostasis. The aim was to investigate the effects of feeding 
silage with low DCAD, obtained by addition of magnesium chloride at ensiling, on feed intake and 
calcium metabolism in periparturient dairy cows and heifers. Twelve cows and 12 heifers in their last 
month of pregnancy were allocated to one of three experimental diets, all with 1.8 kg DM of 
concentrate. The magnesium chloride diet consisted of 8 kg DM of silage with magnesium chloride 
equal to 1.4 g extra magnesium/kg DM. A control diet consisted of 8 kg DM of silage from the same 
harvest but without any addition, and the magnesium oxide diet consisted of 8 kg DM of the control 
silage, but with 1.7 g magnesium/kg DM as magnesium oxide added at feeding. Animals on all 
treatments consumed the entire prepartum ration. Postpartum, all cows were fed silage adapted for 
lactating cows, and with increasing amounts of concentrates. Plasma samples and spot samples of 
urine were obtained. Results showed that, although no differences among treatments in urinary pH 
and plasma calcium were obtained, the magnesium chloride diet gave an increased excretion of 
calcium in the urine during the last week before calving (0.90 g/d) compared to the control diet (0.47 
g/d, P<0.05), indicating that the cows had a more available calcium pool and thus were better 
prepared for the parturient hypocalcemia.  
 
  



 

24th NJF Congress and 2nd NFS Conference 2011 147 

Plenary session, Room L, Wednesday June 15, 13.00–17.00 Abstract no. D208 
 
 

LOCALLY PRODUCED PROTEIN FEEDS FOR DAIRY BULL CALVES 
 

Birgitta Johansson*, Therese Fernqvist, Anna Hessle, Elisabet Nadeau, Annika Arnesson and Karl-Ivar 
Kumm, *Swedish University of Agricultural Sciences, Department of Animal Environment and Health, 

P.O. Box 234, SE-53223 Skara, Sweden; birgitta.johansson@slu.se 
 
The purpose of the study was to compare dry matter intake (DMI), live weight gain (LWG), feed 
efficiency (FE) and profitability in calves fed different locally produced protein feeds. The experiment 
was conducted during two years with 2x84 dairy bull calves from 90 to 275 kg live weight in a 
completely randomized design with three protein treatments each year. Calves were fed either rolled 
peas (P) or rolled field beans (FB) in year 1, Swedish grown rolled soya beans (SSB) or dried distiller’s 
grains with solubles (DDGS) in year 2, which were compared to imported soya bean meal (SBM) both 
years. All calves were fed a total mixed ration ad libitum containing grass-clover silage, rolled barley 
and the protein feed. Feed rations were isonitrogenic and isoenergetic. In all diets, except diets with 
soya bean meal, cold-pressed rapeseed cake was included up to 175 kg live weight to fulfil the 
protein requirements. Calves were weighed every second week and FE was calculated from LWG and 
DMI. In first year, no differences in daily LWG (P: 1.16 kg, SBM: 1.12 kg, FB: 1.08 kg) or DMI (P: 4.66 
kg, SBM: 4.41 kg, FB: 4.38 kg) were found between the diets. In year 2, calves fed DDGS had the 
highest daily LWG (1.34 kg vs. 1.25 kg and 1.21 kg, P<0.01) and a tendency for a higher DMI (4.81 kg 
vs. 4.50 kg and 4.45 kg, P=0.058) than calves fed SSB or SBM diets. FE did not differ between 
treatments. Calves fed protein feeds produced in Sweden obtained at least the same LWG and FE as 
calves fed SBM, with a better outcome for DDGS. As a result, the P diet was most profitable the first 
year whereas DDGS was most profitable the second year.  
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Virtually all dairy cows experience parturient hypocalcemia, however, the extent is partly dependent 
on the acid-base status of the cow. Metabolic alkalosis increases the susceptibility to hypocalcemia, 
and is affected by the dietary cation-anion difference (DCAD) during the weeks preceding parturition. 
Dietary chloride ions are readily absorbed, thus decreasing the DCAD-value of the feed and 
decreasing the degree of alkalosis, which may improve the calcium homeostasis. Also magnesium is 
important for maintaining calcium homeostasis. The aim was to investigate the effects of feeding 
silage with low DCAD, obtained by addition of magnesium chloride at ensiling, on feed intake and 
calcium metabolism in periparturient dairy cows and heifers. Twelve cows and 12 heifers in their last 
month of pregnancy were allocated to one of three experimental diets, all with 1.8 kg DM of 
concentrate. The magnesium chloride diet consisted of 8 kg DM of silage with magnesium chloride 
equal to 1.4 g extra magnesium/kg DM. A control diet consisted of 8 kg DM of silage from the same 
harvest but without any addition, and the magnesium oxide diet consisted of 8 kg DM of the control 
silage, but with 1.7 g magnesium/kg DM as magnesium oxide added at feeding. Animals on all 
treatments consumed the entire prepartum ration. Postpartum, all cows were fed silage adapted for 
lactating cows, and with increasing amounts of concentrates. Plasma samples and spot samples of 
urine were obtained. Results showed that, although no differences among treatments in urinary pH 
and plasma calcium were obtained, the magnesium chloride diet gave an increased excretion of 
calcium in the urine during the last week before calving (0.90 g/d) compared to the control diet (0.47 
g/d, P<0.05), indicating that the cows had a more available calcium pool and thus were better 
prepared for the parturient hypocalcemia.  
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PLANT DEVELOPMENT, AGRONOMIC PERFORMANCE AND NUTRITIVE VALUE 
DEPENDING ON MATURITY OF FORAGE MAIZE HYBRIDS GROWN AT HIGH 

LATITUDES 
 

Zohaib Mussadiq*, Mårten Hetta, Anne-Maj Gustavsson and Christian Swensson, *Swedish University 
of Agricultural Sciences, Department of Agricultural Research for Northern Sweden, SE-90183 Umeå, 

Sweden; zohaib.mussadiq@slu.se 
 
The objective was to study effects of site, hybrid and plant maturity on dry matter yield, nutritive 
value and plant development of forage maize hybrids when cultivated at higher latitudes in Sweden. 
Field experiments were conducted during 2008 and 2009 at three experimental sites with increasing 
latitudes (55° - 60° N). Three maize hybrids Avenir (FAO 180), Isberi (FAO 190) and Burli (FAO 210) 
were used in the study. Experimental design was a randomised complete block with three hybrids 
and sites each, and four harvests. All plots were graded for plant developmental stages from 
appearance of silks (R1) to final harvest. Harvested whole plant samples were analyzed for dry 
matter (DM), crude protein (CP), organic matter digestibility (OMD), starch, sugars and neutral 
detergent fibre (NDF). Data was analyzed hybrid × site using ANOVA procedure of Minitab. Results 
showed that in Kristianstad, Burli gave highest dry matter yield (P<0.01). In Skara, Isberi gave highest 
dry matter yield (P<0.01). In Västerås, Burli gave highest dry matter yield (P<0.01). In Kristianstad, 
hybrids were different (P<0.05) for starch, OMD, NDF and sugars. Highest starch concentration 
(P<0.01) was in Avenir. In Skara hybrids were different (P<0.05) for OMD and NDF. In Västerås, 
hybrids were different (P<0.01) for only sugar concentration. For plant development, hybrids were 
different (P<0.01) for crop heat units (CHU), growing degree days (GDD) and days after sowing (DAS) 
to reach same developmental stages, with least CHU, GDD and DAS observed in Avenir. It is 
concluded that hybrids with higher FAO numbers gave high DM yields but with less starch 
concentration. Hybrids in Kristianstad showed more variations for measured parameters, but with 
increasing latitudes at Skara and Västerås there were fewer differences among hybrids. For areas 
with short growing season, Avenir could be an option to achieve higher maturity stage.  
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METHANE PRODUCTION IN BULL CALVES FED CONCENTRATES BASED ON 
GRAIN OR DIFFERENT LEVELS OF HIGH-MOISTURE CORN SILAGE 

 
Anne Louise F. Hellwing*, Kirstine F. Jørgensen, Mogens Vestergaard and Martin R. Weisbjerg, 

*Department of Animal Health and Bioscience, Faculty of Science and Technology, Aarhus University, 
Blichers Álle 20, DK-8830 Tjele, Denmark; annelouise.hellwing@agrsci.dk 

 
Methane production from bull calves is based on ICCP standard methods in Denmark, and there is no 
available data for bull calves under Danish feeding conditions. The objective of this study was to 
measure the methane production in 300 kg bull calves fed three different diets: Pelleted concentrate 
based on mature grain (mainly barely, wheat, triticale) and oil seed meal (rape and soya) 
supplemented with straw (CONC) or two total mixed rations (TMR) with either 25% (M25) or 50% 
(M50) of dry matter from high-moisture corn silage. Twelve Danish Friesian bull calves were allocated 
to the three diets (4 per treatment) from 130 kg body weight. Diets were fed ad libitum and 
individual feed intake was measured. The calves were submitted to four days measurements in an 
open circuit respiration unit with measurement of production of methane, hydrogen and carbon 
dioxide and consumption of oxygen. Data was analyzed with PROC GLM in SAS® with diet as main 
effect. Calves on M50 had a lower dry matter intake compared to the two other diets (P=0.01). 
Methane production was14 L CH4/kg DM on CONC which was lower (P=0.03) than 24.1 and 24.7 L 
CH4/kg DM on M25 and M50, respectively. Loss of GE as methane was 3.1% on CONC which was 
lower (P=0.04) than the average of 5.3% on the two TMR diets. The hydrogen production did not 
differ (P=0.23) between diets and was 1.4, 3.5, and 0.5 l/d on CONC, M25 and M50, respectively. This 
was negligible compared to methane, but there were a considerable variation in the hydrogen 
emission from day to day. Heat production did not differ between animals (P=0.60). In conclusion, 
exchange of pelleted concentrate with high-moisture corn silage increased methane production in 
300 kg bull calves. 
 
  

 

148 24th NJF Congress and 2nd NFS Conference 2011 

Plenary session, Room L, Wednesday June 15, 13.00–17.00 Abstract no. D221 
 
 

PLANT DEVELOPMENT, AGRONOMIC PERFORMANCE AND NUTRITIVE VALUE 
DEPENDING ON MATURITY OF FORAGE MAIZE HYBRIDS GROWN AT HIGH 

LATITUDES 
 

Zohaib Mussadiq*, Mårten Hetta, Anne-Maj Gustavsson and Christian Swensson, *Swedish University 
of Agricultural Sciences, Department of Agricultural Research for Northern Sweden, SE-90183 Umeå, 

Sweden; zohaib.mussadiq@slu.se 
 
The objective was to study effects of site, hybrid and plant maturity on dry matter yield, nutritive 
value and plant development of forage maize hybrids when cultivated at higher latitudes in Sweden. 
Field experiments were conducted during 2008 and 2009 at three experimental sites with increasing 
latitudes (55° - 60° N). Three maize hybrids Avenir (FAO 180), Isberi (FAO 190) and Burli (FAO 210) 
were used in the study. Experimental design was a randomised complete block with three hybrids 
and sites each, and four harvests. All plots were graded for plant developmental stages from 
appearance of silks (R1) to final harvest. Harvested whole plant samples were analyzed for dry 
matter (DM), crude protein (CP), organic matter digestibility (OMD), starch, sugars and neutral 
detergent fibre (NDF). Data was analyzed hybrid × site using ANOVA procedure of Minitab. Results 
showed that in Kristianstad, Burli gave highest dry matter yield (P<0.01). In Skara, Isberi gave highest 
dry matter yield (P<0.01). In Västerås, Burli gave highest dry matter yield (P<0.01). In Kristianstad, 
hybrids were different (P<0.05) for starch, OMD, NDF and sugars. Highest starch concentration 
(P<0.01) was in Avenir. In Skara hybrids were different (P<0.05) for OMD and NDF. In Västerås, 
hybrids were different (P<0.01) for only sugar concentration. For plant development, hybrids were 
different (P<0.01) for crop heat units (CHU), growing degree days (GDD) and days after sowing (DAS) 
to reach same developmental stages, with least CHU, GDD and DAS observed in Avenir. It is 
concluded that hybrids with higher FAO numbers gave high DM yields but with less starch 
concentration. Hybrids in Kristianstad showed more variations for measured parameters, but with 
increasing latitudes at Skara and Västerås there were fewer differences among hybrids. For areas 
with short growing season, Avenir could be an option to achieve higher maturity stage.  
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RELATIONSHIPS BETWEEN MILK UREA AND PRODUCTION TRAITS IN DAIRY 
HERDS IN LATVIA 

 
Diana Ruska* and Daina Jonkus, *Latvian University of Agriculture, Institute of Agrobiotechnology, 

Liela str. 2, Jelgava, LV-3001, Latvia; delta@e-apollo.lv 
 
Cow’s milk is a complex fluid consisting of many components. The objective of this study was to 
evaluate the relation between milk urea and milk yield as well as milk constituents in four different 
farms with Latvian Brown and Holstein Black and White breed cows. Milk yield and content of fat, 
total protein, lactose, urea (mg/100mL) and somatic cell (SCC) was collected from the herd control 
data from August 2008 to February 2009. Milk content parameters for total 1522 milk samples were 
analyzed at an accredited milk quality laboratory. The statistical analyses were performed with the 
SPSS program package. Average lactation number was 2.04. The average milk yield was 21.7±7.39 kg 
and 19.1±8.43 mg /100mL of urea level per control day. The average protein, fat and lactose contents 
were 3.50±0.48%, 4.44±0.90% and 4.77±0.26%. The average SCC was 189.9 thousand per ml or 
2.42±1 when transformed into somatic cell score (SCS). The variation coefficient value was 32.8% for 
milk yield and 45.3% for urea what proof that study traits in farm was variable. A phenotype relation 
of milk urea to milk yield was low positive (rp=0.053; P<0.05). The relation of analysed milk samples 
constituents parameters to urea were low positive too (from rp=0.101 to rp=0.071; P<0.01) and was 
observed low negative relation to SCS (rp=-0.077; P<0.01). Based on General Linear Model data it was 
establish that an influence from farm and lactation on variability of urea level was statistical 
believable (P<0.001) and at the same time unaffected by breed and lactation stage. The milk yield 
variability significantly (P<0.001) depended on all analysed factors. The farm with the highest milk 
yield had the lower urea level (25.3±6.75 kg and 17.3±9.27 mg/100mL) whereas in the farm with 
lower milk yield (17.7±4.92 kg) a higher milk urea level was observed (28.3±7.92 mg/100mL) which 
indicated problems with farms management.  
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LYPSIKKI – A NOVEL APPROACH FOR THE FORMULATION OF DAIRY COW 
RATIONS 

 
Pekka Huhtanen* and Juha Nousiainen, *Swedish University of Agricultural Sciences, SE-90183 Umeå, 

Sweden; pekka.huhtanen@slu.se 
 
Dairy cow rations have traditionally been formulated by minimizing diet costs while meeting nutrient 
requirements. Although theoretically sound, this approach may not optimize the profit (margin over 
feed cost) when both feed and milk prices are variable. Under increasing environmental concerns of 
dairy production, it would also be important to take N and P emissions into account in ration 
formulation. The objectives of this project were to develop a ration formulation system which 
optimizes margin over feed cost (per cow or liter of milk) in addition to minimum diet cost. Lypsikki 
model is based on the Finnish feed evaluation systems. Energy intake is corrected for feeding level 
and associative effects using an empirical equation derived from a large dataset of digestibility trials. 
Intake model is based on relative DM intake index which has been extended to account also for 
animal effects (LW, DIM and standardized ECM yield). Production response functions are derived 
from a large dataset of milk production trials (>500 diets, mean milk yield >25 kg/d) using a mixed 
model regression analysis with random study effect; i.e. predicting responses to nutrient supply 
within a study. In addition to ME intake, the model parameters include concentration or intake of 
feed-AAT, concentrate fat and non-fibre carbohydrates. The diets are optimized for maximum margin 
over feed cost by taking into account predicted production responses within the constraints of intake 
potential, variable ME and AAT requirements and a healthy diet. Also N and P excess per kg milk can 
be constrained. Model simulations have shown improved margin over feed cost compared with 
minimum feed cost optimizations.  
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Cow’s milk is a complex fluid consisting of many components. The objective of this study was to 
evaluate the relation between milk urea and milk yield as well as milk constituents in four different 
farms with Latvian Brown and Holstein Black and White breed cows. Milk yield and content of fat, 
total protein, lactose, urea (mg/100mL) and somatic cell (SCC) was collected from the herd control 
data from August 2008 to February 2009. Milk content parameters for total 1522 milk samples were 
analyzed at an accredited milk quality laboratory. The statistical analyses were performed with the 
SPSS program package. Average lactation number was 2.04. The average milk yield was 21.7±7.39 kg 
and 19.1±8.43 mg /100mL of urea level per control day. The average protein, fat and lactose contents 
were 3.50±0.48%, 4.44±0.90% and 4.77±0.26%. The average SCC was 189.9 thousand per ml or 
2.42±1 when transformed into somatic cell score (SCS). The variation coefficient value was 32.8% for 
milk yield and 45.3% for urea what proof that study traits in farm was variable. A phenotype relation 
of milk urea to milk yield was low positive (rp=0.053; P<0.05). The relation of analysed milk samples 
constituents parameters to urea were low positive too (from rp=0.101 to rp=0.071; P<0.01) and was 
observed low negative relation to SCS (rp=-0.077; P<0.01). Based on General Linear Model data it was 
establish that an influence from farm and lactation on variability of urea level was statistical 
believable (P<0.001) and at the same time unaffected by breed and lactation stage. The milk yield 
variability significantly (P<0.001) depended on all analysed factors. The farm with the highest milk 
yield had the lower urea level (25.3±6.75 kg and 17.3±9.27 mg/100mL) whereas in the farm with 
lower milk yield (17.7±4.92 kg) a higher milk urea level was observed (28.3±7.92 mg/100mL) which 
indicated problems with farms management.  
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ESTIMATING MILK YIELD RESPONSE TO INCREASING FEED INTAKE IN DAIRY 
COWS – EVALUATION OF COW LEVEL VERSUS GROUP LEVEL APPROACHES 

 
Charlotte Jensen, Knowledge Centre for Agriculture, Agro Food Park 15, 8200 Aarhus N, Denmark and 

Department of Animal Health and Bioscience, Faculty of Agricultural Sciences, Aarhus University, 
Blichers Allé 20, P.O. Box 50, DK-8830 Tjele, Denmark; charlotte.jensen@agrsci.dk 

 
A model for economical optimization of the feeding level for dairy cows in Scandinavia is to be 
developed and evaluated in a PhD project. This involves estimation of milk yield response to 
increasing energy intake by doing a meta-analysis of data from cows feed at different feeding levels 
within the experiments and where feeding levels are independent of milk yield. It has been 
questioned which observational unit should be used in this meta-analysis. Therefore, a pilot study 
was conducted to evaluate the consequences of assigning observational units to individual cows 
versus groups of primi- and multiparous cows within each treatment group. Data from two block 
experiments (1998 and 1999) at Research Centre Foulum, Aarhus University, Denmark were used. 
The experiments each lasted from 3 to 15 weeks after parturition and included 63 Danish Holstein 
cows, which were fed TMR rations. There were nine treatments consisting of one of three roughages 
(grass-clover silage, whole-crop barley and NH3-treated straw) each combined with low, medium or 
high levels of concentrates giving 9 combinations of energy intake and quality of roughage. The 
statistical analysis of covariance was done by use of R. Results from the statistical analyses and 
discussion on cow level versus group level approach will be presented.  
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ANIMAL MANURE FOR BIOGAS PRODUCTION – WHAT HAPPENS TO THE SOIL? 
 

Anne-Kristin Løes*, Anders Johansen, Reidun Pommeresche and Hugh Riley, *Bioforsk Organic Food 
and Farming, Gunnars veg 6, N-6630 Tingvoll, Norway; anne-kristin.loes@bioforsk.no 

 
Biogas plants utilize various organic substrates for energy production, commonly a mixture of animal 
manure, energy crops and food waste from households or industry. The digestates may be good 
fertilizers and soil conditioners. Attempting to reduce dependency on fossil fuels and emissions of 
greenhouse gases, farmers consider the biogas technology. However, they need to know how the 
anaerobic digestion will impact the quality of the animal manure and thereby the soil fertility. 
Especially in organic farming systems, also aiming at nutrient self-sufficiency, farmers are concerned 
about reduced input of organic matter to the soil after digestion. Few studies have examined the 
long-term impact on soil fertility when part of the organic matter in the manure is converted to 
methane, and thus escaping the farm carbon cycle. The project “Effects of anaerobically digested 
manure on soil fertility - establishment of a long-term study under Norwegian conditions” 
(Soileffects, 2010–2014), includes a field experiment located at an organically managed research 
farm in Tingvoll, Norway. A biogas plant has been established, from which digested slurry from a 
herd of 25 dairy cows will be compared with non-digested slurry in two cropping systems - arable 
crops and perennial ley. In 2011, the crops will be barley and 2nd year grass-clover ley. Low/high 
fertilization levels, determined by phosphorus (P) concentrations in the slurries as gaseous P losses 
do not occur, will correspond to 85/170 kg N ha-1 yr-1 in the arable system and 110/220 in the ley. In 
the slurries, chemical composition, viscosity, infiltration rate in field, smell and colour will be 
described. By June 2011, initial characteristics of manure and soil (physical, chemical, biological) will 
be available for presentation.  
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A model for economical optimization of the feeding level for dairy cows in Scandinavia is to be 
developed and evaluated in a PhD project. This involves estimation of milk yield response to 
increasing energy intake by doing a meta-analysis of data from cows feed at different feeding levels 
within the experiments and where feeding levels are independent of milk yield. It has been 
questioned which observational unit should be used in this meta-analysis. Therefore, a pilot study 
was conducted to evaluate the consequences of assigning observational units to individual cows 
versus groups of primi- and multiparous cows within each treatment group. Data from two block 
experiments (1998 and 1999) at Research Centre Foulum, Aarhus University, Denmark were used. 
The experiments each lasted from 3 to 15 weeks after parturition and included 63 Danish Holstein 
cows, which were fed TMR rations. There were nine treatments consisting of one of three roughages 
(grass-clover silage, whole-crop barley and NH3-treated straw) each combined with low, medium or 
high levels of concentrates giving 9 combinations of energy intake and quality of roughage. The 
statistical analysis of covariance was done by use of R. Results from the statistical analyses and 
discussion on cow level versus group level approach will be presented.  
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PRE-TREATMENT OF LEAVES AND ROOTS OF WATER HYACINTH TO ENHANCE 
ITS METHANE PRODUCTION POTENTIAL 

 
Sohail Rafique* and Anna Karlsson, *Department of Agricultural Sciences, University of Helsinki, P.O. 

Box 27 (Latokartanonkaari), FI-00014 Helsinki, Finland, sohail.rafique@helsinki.fi 
 
Conversion of sugars from organic biomass is initiated by a hydrolysis step. The hydrolysis of 
lignocelluloses is the rate limiting step in its anaerobic digestion and pretreatment can be a way to 
improve its degradation rate and degradability. The aim of this study was to investigate the effects of 
alkaline and enzymatic pre-treatment of aquatic weed water hyacinth (Eichhornia 
crassipes) to enhance its methane production potential under anaerobic digestion. Two experiments 
were conducted to quantify the methane production potential. Experiment 1 
revealed the methane production potential of untreated leaves and roots of water hyacinth while in 
experiment 2 we investigated the effect of pre-treatment on leaves and roots of water hyacinth. 
Both experiments were run using gas tight 300 mL serum bottles in triplicate for each treatment. 
Alkaline pretreatment of harvested leaves and roots were done soaking leaves and roots for 24h in a 
wooden ash alkaline solution (pH 10). For the enzymatic pretreatment, 0.1 mL of 10-fold diluted 
enzymes stock solution was applied to each incubation bottle. The methane production was 
monitored by measuring the overpressure in the incubation bottles combined with analysis of the 
CH4-content of the produced gas by gas chromatograph with flame ionization. No significant 
difference in methane production potential as a result of pretreatment could be seen. This study 
illustrates that neither enzyme nor alkaline treatment showed increase in methane production 
potential for leaves/stalks or roots. Roots treated with and without enzymes give an average 15 mL 
CH4/g VS.
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CHANGES IN QUALITY OF BIOMASS FOR BIOGAS PRODUCTION DURING 
GROWING SEASON 

 
Vita Tilvikienė*, Žydrė Kadžiulienė and Zenonas Dabkevičius, *Institute of Agriculture, Lithuanian 
Research Centre for Agriculture and Forestry, Instituto al. 1, Akademija, LT-58344 Kedainiai distr., 

Lithuania; vita@lzi.lt 
 
Biogas production from perennial herbaceous energy crops is promising because it alleviates the 
conflict of using food crops for bioenergy and because high biomass yields are produced annually for 
several years in succession before replanting. During the period 2009 – 2010, field and laboratory 
experiments were carried out at the Institute of Agriculture to evaluate the variation of production 
and chemical composition of cocksfoot (Dactylis glomerata L.), tall fescue (Festuca arundinacea) and 
reed canary grass (Phalaris arundinacea Serb.) during the growing season. Swards were cut twice and 
three times per season. The first cut was made at heading or flowering stages. Two levels of mineral 
nitrogen fertilizers N90 and N180 were applied twice or three times per growing season, depending on 
the maturity stage of the first cut. The total nitrogen and organic carbon were determined using the 
Dumas method (DIN/ ISO 13878). The concentration of lignin (ADL) was estimated using Van Soest 
methodology of fibre fraction. Biomass yield and chemical composition were analyzed after each cut. 
The biomass yield of each cut was significantly influenced by the grass species, nitrogen fertilization 
and the number of cuts taken per growing season. The dry matter (biomass) yield of the first cut was 
significantly higher (P<0.05) at flowering stage compared to that at heading stage. This influenced 
the annual biomass yield. The concentration of nitrogen was the highest in the first cut and 
decreased till the last cut. A different scenario was seen with carbon and lignin, which is a limiting 
element for biogas production. The concentration of these elements was the lowest at heading 
stage. The first experimental results suggest that annual biomass quality is highly influenced by grass 
maturity within cuts, grass species and fertilization. 
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Conversion of sugars from organic biomass is initiated by a hydrolysis step. The hydrolysis of 
lignocelluloses is the rate limiting step in its anaerobic digestion and pretreatment can be a way to 
improve its degradation rate and degradability. The aim of this study was to investigate the effects of 
alkaline and enzymatic pre-treatment of aquatic weed water hyacinth (Eichhornia 
crassipes) to enhance its methane production potential under anaerobic digestion. Two experiments 
were conducted to quantify the methane production potential. Experiment 1 
revealed the methane production potential of untreated leaves and roots of water hyacinth while in 
experiment 2 we investigated the effect of pre-treatment on leaves and roots of water hyacinth. 
Both experiments were run using gas tight 300 mL serum bottles in triplicate for each treatment. 
Alkaline pretreatment of harvested leaves and roots were done soaking leaves and roots for 24h in a 
wooden ash alkaline solution (pH 10). For the enzymatic pretreatment, 0.1 mL of 10-fold diluted 
enzymes stock solution was applied to each incubation bottle. The methane production was 
monitored by measuring the overpressure in the incubation bottles combined with analysis of the 
CH4-content of the produced gas by gas chromatograph with flame ionization. No significant 
difference in methane production potential as a result of pretreatment could be seen. This study 
illustrates that neither enzyme nor alkaline treatment showed increase in methane production 
potential for leaves/stalks or roots. Roots treated with and without enzymes give an average 15 mL 
CH4/g VS.
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MULTIFUNCTIONAL LEY FOR BIOGAS PRODUCTION – A LIFE CYCLE 
PERSPECTIVE 

 
Pernilla Tidåker, Swedish University of Agricultural Sciences, Department of Crop Production Ecology, 

P.O. Box 7043, SE-75007 Uppsala, Sweden; pernilla.tidaker@slu.se 
 
Intensive monocultural crop production is associated with negative impacts on biodiversity and 
ecosystem services. Introducing crop rotation is one means to overcome some of these impacts by 
improving soil structure, maintaining long-term productivity and increasing the biodiversity. A 
perennial ley crop is particularly interesting in this respect and mixing clover with grass could also 
accumulate considerable amounts of nitrogen, thus reducing the need for synthetic mineral 
fertilizers. In addition, perennial ley may reduce nitrogen leaching and sequester carbon. Perennial 
ley might thus provide a wide range of ecosystem services. There is a limited market for ley in regions 
without ruminant livestock production. Using ley as a feedstock for energy production provides an 
additional option. However, if the feedstock for bioenergy production comes from dedicated crops 
rather than residues and the high demand for feed and food remains, the displaced crop production 
has to be substituted, thus causing indirect land use changes (iLUC) which might counterbalance the 
positive effects to varying degrees. Crop production changes could either be accomplished by 
increasing the cultivated area or by increasing the productivity. Introducing ley for energy production 
in crop rotations dominated by cereal production might thus have positive direct and negative 
indirect effects. Synergies and tradeoffs are thus important to consider and evaluate. The goal of this 
currently ongoing study is to assess the environmental performance associated with the introduction 
of ley for biogas production in cereal-dominated conventional crop rotation. Life cycle assessment 
(LCA) is used for evaluation of primary energy use, global warming potential, eutrophication and land 
use. The functional unit considers 1000 hectares of cropland in the plain area of Uppland, Sweden. A 
reference scenario consisting of a crop rotation including only cereals is compared with a scenario 
including also ley. The result is under preparation and will be presented and discussed. 
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FALSE FLAX (CAMELINA SATIVA L.) AS ALTERNATIVE RENEWABLE BIOFUEL 
SOURCES 

 
Danutė Karčauskienė*, Violeta Makareviciene and Egle Sendzikiene, *Vezaiciai Branch of the 

Lithuanian Research Centre for Agriculture and Forestry, Gargzdu, 29, Vezaiciai, Klaipedos district, 
Lithuania; danuteo@vezaiciai.lzi.lt 

 
False flax (Camelina sativa L.) is considered as one of the renewable raw materials for non-food 
industry. The study objectives were: 1) to determine the effect of nitrogen fertilizers on false flax 
winter type, cultivar ‘Przybrodzka‘(N0; N50, N100, N150), summer type, cultivar ‘Borowska’ (N0; N30, N60, 

N90, N120) seed yield and quality under humid littoral climatic conditions in Western Lithuania and 2) 
to estimate the false flax oil content, composition and possibilities to use oil for the biodiesel fuel 
production. It was revealed that the highest seed yield of false flax winter type (0.92tha-1) and 
summer type (0.83tha-1) was obtained in moraine loam Albeluvisol by applying N100 and N60 
respectively. In most cases nitrogen fertilizers increased the amount of proteins in seeds of false flax. 
Studies of the oil content in false flax seed showed that in case of spring type seed, it reached 40.3%, 
while the oil content of winter type seed was lower, 37%. False flax oil has an especially high content 
of polyunsaturated – linolenic acid: it reaches as much as 38.2% in winter type false flax oil and 
34.3% in spring type false flax oil. Fatty acid methyl esters produced from false flax oil has a high 
iodine value (164.6–169.6 g I2 / 100 g oil); therefore, it can be used as fuel for diesel engines only in 
mixtures with methyl esters produced from animal fat or used for frying oil. Such mixtures can 
contain 50–60% of false flax oil methyl esters. To increase the oxidation stability as well as to 
improve the cold flow properties of esters mixtures the most effective antioxidant - Ionol (optimal 
dosage of 500 ppm) as well as most effective depressants Wintron XC-30 (optimal dosage – 1500 
ppm) and Infineum R-442 (optimal dosage – 1200 ppm) were selected.  
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Intensive monocultural crop production is associated with negative impacts on biodiversity and 
ecosystem services. Introducing crop rotation is one means to overcome some of these impacts by 
improving soil structure, maintaining long-term productivity and increasing the biodiversity. A 
perennial ley crop is particularly interesting in this respect and mixing clover with grass could also 
accumulate considerable amounts of nitrogen, thus reducing the need for synthetic mineral 
fertilizers. In addition, perennial ley may reduce nitrogen leaching and sequester carbon. Perennial 
ley might thus provide a wide range of ecosystem services. There is a limited market for ley in regions 
without ruminant livestock production. Using ley as a feedstock for energy production provides an 
additional option. However, if the feedstock for bioenergy production comes from dedicated crops 
rather than residues and the high demand for feed and food remains, the displaced crop production 
has to be substituted, thus causing indirect land use changes (iLUC) which might counterbalance the 
positive effects to varying degrees. Crop production changes could either be accomplished by 
increasing the cultivated area or by increasing the productivity. Introducing ley for energy production 
in crop rotations dominated by cereal production might thus have positive direct and negative 
indirect effects. Synergies and tradeoffs are thus important to consider and evaluate. The goal of this 
currently ongoing study is to assess the environmental performance associated with the introduction 
of ley for biogas production in cereal-dominated conventional crop rotation. Life cycle assessment 
(LCA) is used for evaluation of primary energy use, global warming potential, eutrophication and land 
use. The functional unit considers 1000 hectares of cropland in the plain area of Uppland, Sweden. A 
reference scenario consisting of a crop rotation including only cereals is compared with a scenario 
including also ley. The result is under preparation and will be presented and discussed. 
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To examine the suitability of acid sulphate soils for perennial energy cropping and specifically to 
provide information on the responses of reed canary grass (Phalaris arundinacea L.) to raised water 
levels, a management option for these problematic soils, large core lysimeters of undisturbed field 
acid sulphate soil were taken into PVC tubes equipped with ground water level control and 
measurement instruments, planted with reed canary grass, and studied during the period 2008–
2010. Two treatments; high water content (HWC) (20 cm below soil surface) and low water content 
(LWC; 70 cm below soil surface, considered normal for acid sulphate soils) were considered and there 
were 4 replicates. Tiller height, net photosynthesis, and dry weight at harvest were measured and 
elements were analysed after nitric acid digestion by an ICP-OES instrument. Tillers in HWC 
lysimeters were 30 and 22.5% taller than those in LWC lysimeters (P=0.001, P=0.003) in September 
2009 and 2010 respectively. On the other hand, net photosynthesis was higher in LWC grasses 
(P=0.019, P=0.001). Spring 2009 dry matter yields were almost the same in both treatments, but in 
2010, HWC grasses yielded 43% higher than LWC (P=0.002). The 2009 spring harvest analyzed so far 
for element composition revealed a higher proportion of Al, Fe and K in leaves and panicles than in 
stems, and differences between the treatments were not significant. We concluded that reed canary 
grass, an established bioenergy crop, grows well in acid sulphate soils and can perform better when 
the water table is raised to reduce acidity and prevent environmental hazards. Furthermore, in order 
to obtain good quality biomass, harvesting should be done in spring after some of the deleterious 
elements affecting the processing stage such as K have been reduced by leaf drop and leaching.  
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To achieve the requirements to decrease emissions of greenhouse gases by 20% by 2020, Sweden 
needs to increase its use of biofuel. In doing so, it seems natural that those who already have access 
to large amounts of biofuels in the form of by-products such as straw, wood chips and digestible 
materials take advantage of these assets locally. By combining production of heat with power 
production at the farm it is possible to not only reduce the direct use of fossil fuel for heating but 
also reduce energy costs. The purpose was to simulate different cases of using a small scale biofueled 
combined heat and power plant for farm-based systems. A MATLAB-model was developed and used 
to draw conclusions about what technologies to use and which biofuel to choose in specific cases. 
The model uses climate data to simulate the variations in heat energy demand on a day-to-day basis. 
The given heat demand is the base of the simulation and from this the possible electric output is 
calculated. This study has focused on the impact of the following properties: electric-, heat- and total 
efficiency, fuel, fuel price and specific fuel requirements. The studied cases cover applications with a 
heat demand from 70 kW to 1 MW. Preliminary results suggest that it is not possible to find a 
technical solution for all cases and demands; for solid fuels there exist techniques from around 45 
kW thermal power and 25 kW electric power. These small scale CHP plants are designed for use with 
derivatives of wood or digestible materials and not for use with straw, because of its low ash melting 
point. 
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To examine the suitability of acid sulphate soils for perennial energy cropping and specifically to 
provide information on the responses of reed canary grass (Phalaris arundinacea L.) to raised water 
levels, a management option for these problematic soils, large core lysimeters of undisturbed field 
acid sulphate soil were taken into PVC tubes equipped with ground water level control and 
measurement instruments, planted with reed canary grass, and studied during the period 2008–
2010. Two treatments; high water content (HWC) (20 cm below soil surface) and low water content 
(LWC; 70 cm below soil surface, considered normal for acid sulphate soils) were considered and there 
were 4 replicates. Tiller height, net photosynthesis, and dry weight at harvest were measured and 
elements were analysed after nitric acid digestion by an ICP-OES instrument. Tillers in HWC 
lysimeters were 30 and 22.5% taller than those in LWC lysimeters (P=0.001, P=0.003) in September 
2009 and 2010 respectively. On the other hand, net photosynthesis was higher in LWC grasses 
(P=0.019, P=0.001). Spring 2009 dry matter yields were almost the same in both treatments, but in 
2010, HWC grasses yielded 43% higher than LWC (P=0.002). The 2009 spring harvest analyzed so far 
for element composition revealed a higher proportion of Al, Fe and K in leaves and panicles than in 
stems, and differences between the treatments were not significant. We concluded that reed canary 
grass, an established bioenergy crop, grows well in acid sulphate soils and can perform better when 
the water table is raised to reduce acidity and prevent environmental hazards. Furthermore, in order 
to obtain good quality biomass, harvesting should be done in spring after some of the deleterious 
elements affecting the processing stage such as K have been reduced by leaf drop and leaching.  
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The aim of the study was to evaluation the influence of nitrogen (N) fertilizer rate, variety, cultivation 
year, and soil type on the quality of winter wheat and triticale and bioethanol production. Three 
varieties of winter wheat (Triticum aestivum L.) and winter triticale (Triticosecale Wittm) were 
studied with two nitrogen fertilizer rates (N100 (N70 + 30) kg/ha, N140 (70 + 70) kg/ha) in 2008–
2009. The method of ethanol outcome is based on fermentation of saccharified cereal samples by 
yeast Saccharomyces cerevisiae. The test of statistically significant differences (LSD0.05) with the 
Fisher criterion (F-test) and influence of factors density was used for the analyses of means 
differences. There was a significant (P<0.05) difference between winter wheat and triticale with 
respect to yield, starch, protein, TGW and ethanol g/g outcome, was detected. In the cereal grains, 
no lead (Pb) and cadmium (Cd) was found. Nitrogen fertilizer rate had an effect on the ethanol g/g 
outcome in 2009 (P<0.05). Application of both N fertilizer rates allowed to find a significant 
correlation between, starch content and protein in wheat, winter wheat yield and starch content, 
and TGW and ethanol g/g outcome. The amount of bioethanol obtained from one tonne of grain was 
335 kg (from winter wheat) and 328 kg (from winter triticale). Ethanol yield from 1 tonne of grain and 
per one hectare was dependent on the variety of cereals, therefore it was choose suitable variety for 
Latvian agro-meteo conditions. 
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The quality of biomass is one of the most important determinants of environmental risks from direct 
combustion. The objective of the study was to estimate the productivity of phytocenoses, formed in 
different habitats and used for alternative biomass energy production. The study was carried out on 
the floodplain grasslands of the Nemunas delta, Lithuania under the process of naturalization. 
Pasture DM yield was determined on 2.0x2.0 m research plots, which were selected in sites 
representative for the floodplain area and had six replicates. Sites differed in ground water level. The 
grasslands’ specific composition and bioindicative status were assessed according to the Ellenberg 
method. Mean humidity (InH) and soil nitrogen (InN) availability indices for each plot were 
calculated. The data were analysed by ANOVA and regression. The conditions on the floodplain of the 
Lower Nemunas delta are particularly favourable for semi-natural grasslands. Different durations and 
mineral silt amounts of floods, as well as soil moisture regimes in grasslands, create conditions for 
various plant communities. However, the management of the grasslands have changed due to social, 
economical and political events of Lithuania. Two main periods can be distinguished: i) 1960–1989 – 
the period of intensive management, when unique landscapes of the region were changed 
considerably; ii) 1990 onwards, with some changes in floodplain grassland management (new land 
owners, ceased production of grass meal, reduced areas of properly fertilized grasslands) due to 
Lithuania’s transition from the Soviet system to an independent state. The productivity and specific 
composition of semi-natural grasslands in the Nemunas river lower floodplain vary and depend on 
current temperature and moisture conditions. The mowing and polder system are necessary for the 
preservation of the open space flora. Different areas are particularly suitable for grazing, grass fodder 
production, horse bedding and bioenergy production, and also for the development of agro-tourism. 
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The aim of the study was to evaluation the influence of nitrogen (N) fertilizer rate, variety, cultivation 
year, and soil type on the quality of winter wheat and triticale and bioethanol production. Three 
varieties of winter wheat (Triticum aestivum L.) and winter triticale (Triticosecale Wittm) were 
studied with two nitrogen fertilizer rates (N100 (N70 + 30) kg/ha, N140 (70 + 70) kg/ha) in 2008–
2009. The method of ethanol outcome is based on fermentation of saccharified cereal samples by 
yeast Saccharomyces cerevisiae. The test of statistically significant differences (LSD0.05) with the 
Fisher criterion (F-test) and influence of factors density was used for the analyses of means 
differences. There was a significant (P<0.05) difference between winter wheat and triticale with 
respect to yield, starch, protein, TGW and ethanol g/g outcome, was detected. In the cereal grains, 
no lead (Pb) and cadmium (Cd) was found. Nitrogen fertilizer rate had an effect on the ethanol g/g 
outcome in 2009 (P<0.05). Application of both N fertilizer rates allowed to find a significant 
correlation between, starch content and protein in wheat, winter wheat yield and starch content, 
and TGW and ethanol g/g outcome. The amount of bioethanol obtained from one tonne of grain was 
335 kg (from winter wheat) and 328 kg (from winter triticale). Ethanol yield from 1 tonne of grain and 
per one hectare was dependent on the variety of cereals, therefore it was choose suitable variety for 
Latvian agro-meteo conditions. 
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The aim of these experiments is to evaluate soil pH and nitrogen fertilisation on the dry mass yield of 
perennial energy plants. The field experiments with perennial energy plants have been performed in 
Vėžaičiai branch of the Lithuanian Research Centre for Agriculture and Forestry (Western Lithuania, 
coastal region (55o43‘N, 21o27‘E)), since 2009. The soil of the experimental site is Dystric Albeluvisol 
(FAO, 1998), texture – moraine loam (clay 12–14%). The field trials involved two factors: factor A – 
soil pH (4.6–4.8 (natural site acidity), 5.0–5.5 (the level which eliminates the effect of mobile 
aluminium, 6.1–6.4 (optimal pH for many plants); factor B – nitrogen rate (0, 60 and 120 kg N ha-1). 
The plants for investigations are unconventional plants: mugwort (Artemisia vulgaris L.), virginia 
mallow (Sida hermaphrodita L.), cup plant (Silphium perfoliatum L.) and two perennial grasses: 
orchard grass (Dactylis glomerata L.) and reed canarygrass (Phalaroides arundinacea Schrub.). The 
results on DM yield were statistically evaluated by using ANOVA procedures with Fisher’s LSD to 
determine significant differences between means. The data of 2009–2010 experimental years show, 
that the effect of year was significant for mugwort (P≤0.05) and cup plant dry mass yields (P≤0.01). 
Soil pH significantly influenced cup plant dry-mass yield (P≤0.01), but not mugwort dry-mass yield. 
Contrarily, the effect of N rate was positive for mugwort (P≤0.01), but less evident for cup plant 
(P=0.109). The data of the first (2010) harvesting year revealed, that both soil pH and N rate 
positively affected the yield of virginia mallow as well as both perennial grasses: reed canarygrass 
and orchard grass yield (the sum of harvests at 1st and 2nd cuttings) (P≤0.01). The investigations will 
continue until 2012. 
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There are many kinds of biomass growing in the Nordic countries, which are poorly utilized, for 
example hay from green fallows and buffer zones, cereal straw and reed from lakes and coasts. This 
biomass could be converted locally to energy via biogas processes or by combustion. Our aim was to 
study suitability of reed canary grass, common reed, buffer zone grass and wheat straw to be 
combusted in a Danish whole round-bale boiler (380 kW, accumulator 70 m3). The boiler was fed 
with three round bales by a tractor with a front loader. The bales were combusted within 6 – 8 hours 
and finally ashes were moved outside of the boiler by a tractor. For the study, the boiler was 
equipped with a smoke gas analyser, which can measure flue gas temperature, CO, CO2, O2, NO and 
NO2. Combustion efficiency could to be calculated by using these values. The round bales were dry 
(10 – 14%, wet basis) and their density varied between 66 and 131 kg DM/m3 depending on material. 
Loose wheat straw bales burnt best (average CO 1356 ppm, NOx 98 ppm, efficiency 79%). 
Combustion was poorest with dense reed canary grass bales (average CO 3969 ppm, NOx 50 ppm, 
efficiency 64%). Combustion of common reed and buffer zone grass was between those two 
extremes. According to ash analyses all ashes had so low heavy metal concentration that it would be 
safe to spread the ashes back to the fields. It is not fully clear, why reed canary grass and buffer zone 
grass were combusted poorly in the experiment, but it is probable that density of the bales was too 
high for this type of boiler. According to the boiler owner the combustion has been the best, when 
straw bales have been loose enough (<100 kg DM/m3). 
 
  

 

162 24th NJF Congress and 2nd NFS Conference 2011 

Poster session Abstract no. A97 
 
 

THE EFFECT OF SOIL PH AND NITROGEN FERTILIZATION TO DRY BIOMASS OF 
ENERGY PLANTS UNDER WESTERN LITHUANIA AGROCLIMATIC CONDITIONS 

 
Gintaras Šiaudinis* and Danutė Karčauskienė, *Vėžaičiai Branch of the Lithuanian Research Centre 

for Agriculture and Forestry, LT-96216, Gargždų 29, Vėžaičiai, Klaipėda dist., Lithuania; 
gintaras@vezaiciai.lzi.lt 

 
The aim of these experiments is to evaluate soil pH and nitrogen fertilisation on the dry mass yield of 
perennial energy plants. The field experiments with perennial energy plants have been performed in 
Vėžaičiai branch of the Lithuanian Research Centre for Agriculture and Forestry (Western Lithuania, 
coastal region (55o43‘N, 21o27‘E)), since 2009. The soil of the experimental site is Dystric Albeluvisol 
(FAO, 1998), texture – moraine loam (clay 12–14%). The field trials involved two factors: factor A – 
soil pH (4.6–4.8 (natural site acidity), 5.0–5.5 (the level which eliminates the effect of mobile 
aluminium, 6.1–6.4 (optimal pH for many plants); factor B – nitrogen rate (0, 60 and 120 kg N ha-1). 
The plants for investigations are unconventional plants: mugwort (Artemisia vulgaris L.), virginia 
mallow (Sida hermaphrodita L.), cup plant (Silphium perfoliatum L.) and two perennial grasses: 
orchard grass (Dactylis glomerata L.) and reed canarygrass (Phalaroides arundinacea Schrub.). The 
results on DM yield were statistically evaluated by using ANOVA procedures with Fisher’s LSD to 
determine significant differences between means. The data of 2009–2010 experimental years show, 
that the effect of year was significant for mugwort (P≤0.05) and cup plant dry mass yields (P≤0.01). 
Soil pH significantly influenced cup plant dry-mass yield (P≤0.01), but not mugwort dry-mass yield. 
Contrarily, the effect of N rate was positive for mugwort (P≤0.01), but less evident for cup plant 
(P=0.109). The data of the first (2010) harvesting year revealed, that both soil pH and N rate 
positively affected the yield of virginia mallow as well as both perennial grasses: reed canarygrass 
and orchard grass yield (the sum of harvests at 1st and 2nd cuttings) (P≤0.01). The investigations will 
continue until 2012. 
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Knowing the vast availability potential along with the arrays of utilization of biogas as heat, 
electricity, process steam, methanol and bio-fuel to run vehicles, significant efforts are given to 
anaerobic digestion of biomass to produce biogas. In a typical Danish biogas scenario, biogas plants 
with a constant base load are used for combined heat and power production where heat is sold and 
distributed in district heating systems and electricity is fed into public a power grid. In countries 
situated at northern latitudes there is a need for heating houses approximately during 9 months of a 
year, therefore a significant surplus of heat is produced during summer and a deficit is found during 
winter. In Denmark, there is great potential for renewable energy by wind power, although wind 
energy can be unpredictable and supply cannot be guaranteed to match demand. Taking these issues 
into account, additional and easily stored substrates for increasing biogas production are proposed 
for this study. The aim is to demonstrate how these storable substrates can be combined with a base 
load of pig manure to bridge the gap between heat supply and heat demand throughout the year 
and to provide a backup electricity production method at short notice for days when wind power is 
insufficient. By examining the biogas production from the selected feedstocks, e.g, pig manure and 
enzymatically treated straw, a model will be formulated in response to energy demand variation and 
subsequently validated by experiments. Risk of plant failure due to sudden increases in feeding will 
also be put into model consideration. The bulk of the research in the form of experiment and 
modelling will be carried out at the pilot scale biogas facility, Faculty of Agricultural Science, Aarhus 
University. 
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Biogas production from maize substrates mainly depends on dry matter (DM) that can be degraded 
to methane. The paper is aimed to determine the impact of agrometeorological factors on DM yield 
of maize hybrids. A field trial was carried out at the research farm of the Latvia University of 
Agriculture (LLU) from 2008 to 2010. Ten (in 2008), eleven (in 2009) and fifteen (in 2010) maize 
hybrids with different maturity ratings according to FAO numbers (FAO 180 – 340) were harvested at 
three different times beginning on 5 September at fourteen-day intervals. The seven hybrids were 
used in all trial years. Samples of fresh maize were analyzed determining DM content in the Scientific 
Laboratory of Agronomy Research of LLU using standard methods. Results were statistically analyzed 
using analysis of variance. June and September of 2008 were cool and the season in general was dry 
when compared with long-term average data; sum of active temperature (above 10 °C) was 1943 °C, 
sum of precipitation was 239 mm. Start of the season in 2009 was unsuitable for the development of 
maize, but average day and night temperatures in September were warmer when compared with 
long-term average data, sum of active temperatures per season was 2037 °C, sum of precipitation 
was 327 mm. Active temperature sum in 2010 was higher (2215 °C) than in previous seasons, sum of 
precipitation was 303 mm. Dry-matter yields substantially (P<0.05) depended on meteorological 
conditions during the trial year. Maize hybrid influence on average DM yield was substantial (P<0.05) 
in all years. Average DM yields across all treatments were substantially (P<0.05) higher in 2010 (15.97 
t ha-1) when compared with 2008 (13.63 t ha-1) or 2009 (15.10 t ha-1). The highest DM yield was 
obtained using hybrid ‘Fernandez’ (22.79 t ha-1) on the last harvest time in 2010.  
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Knowing the vast availability potential along with the arrays of utilization of biogas as heat, 
electricity, process steam, methanol and bio-fuel to run vehicles, significant efforts are given to 
anaerobic digestion of biomass to produce biogas. In a typical Danish biogas scenario, biogas plants 
with a constant base load are used for combined heat and power production where heat is sold and 
distributed in district heating systems and electricity is fed into public a power grid. In countries 
situated at northern latitudes there is a need for heating houses approximately during 9 months of a 
year, therefore a significant surplus of heat is produced during summer and a deficit is found during 
winter. In Denmark, there is great potential for renewable energy by wind power, although wind 
energy can be unpredictable and supply cannot be guaranteed to match demand. Taking these issues 
into account, additional and easily stored substrates for increasing biogas production are proposed 
for this study. The aim is to demonstrate how these storable substrates can be combined with a base 
load of pig manure to bridge the gap between heat supply and heat demand throughout the year 
and to provide a backup electricity production method at short notice for days when wind power is 
insufficient. By examining the biogas production from the selected feedstocks, e.g, pig manure and 
enzymatically treated straw, a model will be formulated in response to energy demand variation and 
subsequently validated by experiments. Risk of plant failure due to sudden increases in feeding will 
also be put into model consideration. The bulk of the research in the form of experiment and 
modelling will be carried out at the pilot scale biogas facility, Faculty of Agricultural Science, Aarhus 
University. 
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Combusted reed canary grass (RCG) produces relatively high amounts of ash. Deposition cost of ash 
is high and deposition is not very environmentally friendly. Thus, it is desirable that RCG ashes, pure 
or in mixtures, can be recycled to the fields. A field trial was established at SLUs field station in Umeå 
in the spring 2002 to asses the risk of enrichment of heavy metals using annual ash applications. 
Three different treatments were applied: Ash from combustion of RCG together with municipal 
wastes, ash from RCG and commercial fertilizers. The yearly applied amounts of nutrients were 100 
kg ha-1 N, 15 kg ha-1 P and 80 kg ha-1 K. The amount of ash in treatments A and B was calculated to be 
equal to the required amount of P while the required amounts of N and K were complemented by 
commercial fertilizers. The trial was harvested each spring 2003–2009. There was large variation in 
dry matter yield between years but no significant differences between treatments were found. We 
also found no significant differences in heavy metal content of the grass between treatments. The 
grass content was lower for most elements in 2009 than in 2004, only Zn showed a significantly 
higher level (P<0.05). Soil samples from 3 levels; 0–5 cm, 5–10 cm and 10–20 cm showed significant 
differences between treatments for Cd, Pb and Zn only in the uppermost level, with higher contents 
in treatment A. The differences between levels were mainly small, and compared to samples from 
2003, there seems to be no tendency to enrichment during this period of time. In conclusion, the ash 
we used did not negatively affect the growth of RCG and can be used as a complement to 
commercial fertilizers, but ashes from mixed combustion need to be analyzed for heavy metals 
before use. 
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Reed canary grass is a promising bio-energy crop for northern Scandinavia. However to make it 
competitive there is a need to reduce costs. Four experiments have been set up at different sites to 
investigate intercropping with legumes and recycling of wastes to cut fertilization costs. The 
experiments have a split plot design, with three fertilization treatments, (A) recommended N,P and K, 
(B) half N, recommended P and K, (C) half N and reed canary grass ash or sewage sludge, and seven 
species mixtures on the sub-plots. The intercropped legumes were red clover, Alsike clover, goats 
rue, lucerne and Kura clover. Two of the experiments, located on farms, encountered serious weed 
problems, couch grass or white clover and Alsike clover. On both sites the reed canary grass suffered 
much from the combined competition from weeds and sown legume and these experiments were 
not continued after the second growing season. The two remaining sites were situated on 
experimental field stations. In Umeå Alsike clover had 27% of the biomass, red clover 31% and goats 
rue 1%. Kura clover did not survive winter. In Jämtland 16% of the biomass was Alsike clover in the 
second year, 8% was red clover and 5% was goats rue. The third year the clovers had almost 
disappeared at the latter site but goats rue remained and contributed 7% of the biomass. In Jämtland 
the full N fertilization gave higher biomass and lower legume content than half N-fertilization 
(P<0.05). With a legume content up to 15% and low weed pressure the legume N-fixation provided N 
to replace up to half of the fertilizer N without impeding the growth of the reed canary grass too 
much, but with more legumes than 15% the competition was too tough for the grass. 
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USE OF ASHES AS A FERTILIZER IN REED CANARY GRASS (PHALARIS 
ARUNDINACEA L.) GROWN AS AN ENERGY CROP 

 
Eva Lindvall* and Cecilia Palmborg, *Swedish University of Agricultural Sciences, Department of 

agricultural research for northern Sweden, SE-90183 Umeå, Sweden; eva.lindvall@slu.se 
 
Combusted reed canary grass (RCG) produces relatively high amounts of ash. Deposition cost of ash 
is high and deposition is not very environmentally friendly. Thus, it is desirable that RCG ashes, pure 
or in mixtures, can be recycled to the fields. A field trial was established at SLUs field station in Umeå 
in the spring 2002 to asses the risk of enrichment of heavy metals using annual ash applications. 
Three different treatments were applied: Ash from combustion of RCG together with municipal 
wastes, ash from RCG and commercial fertilizers. The yearly applied amounts of nutrients were 100 
kg ha-1 N, 15 kg ha-1 P and 80 kg ha-1 K. The amount of ash in treatments A and B was calculated to be 
equal to the required amount of P while the required amounts of N and K were complemented by 
commercial fertilizers. The trial was harvested each spring 2003–2009. There was large variation in 
dry matter yield between years but no significant differences between treatments were found. We 
also found no significant differences in heavy metal content of the grass between treatments. The 
grass content was lower for most elements in 2009 than in 2004, only Zn showed a significantly 
higher level (P<0.05). Soil samples from 3 levels; 0–5 cm, 5–10 cm and 10–20 cm showed significant 
differences between treatments for Cd, Pb and Zn only in the uppermost level, with higher contents 
in treatment A. The differences between levels were mainly small, and compared to samples from 
2003, there seems to be no tendency to enrichment during this period of time. In conclusion, the ash 
we used did not negatively affect the growth of RCG and can be used as a complement to 
commercial fertilizers, but ashes from mixed combustion need to be analyzed for heavy metals 
before use. 
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Sutaryo Sutaryo*, Henrik B. Møller and Alastair J. Ward, *Aarhus University, Department of Bio-
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This study investigates the effect of the level of total ammonia nitrogen (TAN) and free ammonia (FA) 
concentrations on the methane gas yield and digester performance at thermophilic temperature 
(50°C), thus being able to estimate to which extent a commercial thermophilic biogas digester with 
high ammonia content are inhibited by ammonia. Urea was used as source of ammonia at the 
following concentration: no urea; 0.175; 0.35, 0.525 and 0.7% w/w in R1, R2, R3, R4 and R5 
respectively. The urea concentration in the reactors was maintained at these levels by daily feeding 
with cattle manure spiked urea for 56 days and followed by recovery for 27 days. This paper found 
strong negative correlations (R2=0.98 and R2=0.96) between TAN and FA concentrations 
(respectively) corresponding to methane gas yield. Methane yield was 25% lower in the reactor that 
had TAN concentration of 3.02 g L-1 corresponding to FA: 0.75 g L-1 compared to the reference 
reactor (TAN concentration 2.26 g L-1 corresponding to FA: 0.47 g L-1). Total volatile fatty acid (VFA), 
isovaleric and isobutyric acid were clearly accumulated during ammonia inhibition, thus these 
parameters were useful as process indicators. Recovery in R2 took 22 days and recovery in R4 and R5 
was faster than in R3, indicating that the microorganisms in these reactors were already adapted to 
high ammonia inhibition. In commercial digesters the ammonia level is often exceeding 3 g L-1 
indicating that very often the full biogas potential is not achieved due to inhibition and that longer 
retention time should be used to compensate or a lower process temperature should be chosen.  
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REED CANARY GRASS NITROGEN FERTILISER EFFICIENCY DEPENDENCE ON 
PEDO-CLIMATIC CONDITIONS 

 
Liia Kukk*, Hugo Roostalu and Alar Astover, *Estonian University of Life Sciences, Institute of 

Agricultural and Environmental Sciences, Department of Soil Science and Agrochemistry, Fr. R. 
Kreutzwaldi 1, EE-51014 Tartu, Estonia; liia.kukk@emu.ee 

 
Reed canary grass (RCG) is considered to be a potential bio-energy crop in northern Europe. Since 
nitrogen (N) fertilisation influences RCG yields significantly it is relevant to analyse fertilisation 
efficiency in the context of local pedo-climatic conditions. The current study analyses RCG nitrogen 
differential efficiency and performs statistical regression model of mineral N fertiliser average 
efficiency based on previous Estonian RCG field experiments. Additionally, energy use efficiency 
(ratio of net energy output and energy input) of the model was calculated. Nitrogen differential 
efficiency (kg N kg-1) is the derivative of the yield regression equation in dependence of N fertilisation 
while N fertiliser average efficiency model indicates the effect of fertiliser (kg N kg-1) in applying 100 
kg N ha-1 and is performed in the context of soil N content and probability (expresses the climatic 
risk). Nitrogen differential efficiency decreases with increasing N inputs. The differential efficiency 
decrease on Haplic Albeluvisol, Fluvic Histosol and Eutric Histosol is 8.3, 0.5 and 2.4 kg using 100 kg N 
ha-1 with the highest N fertilisation effect on Haplic Albeluvisol. The standard error of the N fertiliser 
average efficiency model (R2=0.71; P<0.000) estimate is 6.04 kg N kg-1. The average efficiency model 
indicates N fertilisation efficiency decrease and yield variability increase with increasing soil N supply. 
The nitrogen fertiliser average efficiency varies from 6 to 41 kg N kg-1 depending on soil N content 
and weather conditions. Energy use efficiency of the model indicates the decrease with increasing 
soil N content of being at least double on soils with N content of 0.1% compared to soils with soil N 
content of 3%. Current study provides the evidence of RCG nitrogen fertiliser efficiency and its 
energy use efficiency dependence on soil N content. 
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This study investigates the effect of the level of total ammonia nitrogen (TAN) and free ammonia (FA) 
concentrations on the methane gas yield and digester performance at thermophilic temperature 
(50°C), thus being able to estimate to which extent a commercial thermophilic biogas digester with 
high ammonia content are inhibited by ammonia. Urea was used as source of ammonia at the 
following concentration: no urea; 0.175; 0.35, 0.525 and 0.7% w/w in R1, R2, R3, R4 and R5 
respectively. The urea concentration in the reactors was maintained at these levels by daily feeding 
with cattle manure spiked urea for 56 days and followed by recovery for 27 days. This paper found 
strong negative correlations (R2=0.98 and R2=0.96) between TAN and FA concentrations 
(respectively) corresponding to methane gas yield. Methane yield was 25% lower in the reactor that 
had TAN concentration of 3.02 g L-1 corresponding to FA: 0.75 g L-1 compared to the reference 
reactor (TAN concentration 2.26 g L-1 corresponding to FA: 0.47 g L-1). Total volatile fatty acid (VFA), 
isovaleric and isobutyric acid were clearly accumulated during ammonia inhibition, thus these 
parameters were useful as process indicators. Recovery in R2 took 22 days and recovery in R4 and R5 
was faster than in R3, indicating that the microorganisms in these reactors were already adapted to 
high ammonia inhibition. In commercial digesters the ammonia level is often exceeding 3 g L-1 
indicating that very often the full biogas potential is not achieved due to inhibition and that longer 
retention time should be used to compensate or a lower process temperature should be chosen.  
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The use of red clover-grass leys for green manuring has been a common practice in organic farming 
and is becoming more common in conventional farming, as well. The problem in green manure leys is 
a risk for nitrogen (N) leaching after the ley has been mulched into the soil. One solution could be to 
use the ley biomass for biogas production via anaerobic digestion (AD) and using the digestate for 
fertilisation. Four field experiments were established in south-western and eastern Finland in 2009. 
Main plots in the experiments were: 1) mulched ley, 2) harvested ley for biogas and use of the 
digestate as fertiliser on the same plot next spring and 3) spring wheat as a control. Sub-plots were a) 
no extra fertilisation or b) additional 40 kg N ha-1 for the spring wheat in 2010. The results from the 
first two experiments are available. The dry matter yields of the leys in 2009 were about 7000 kg ha-1 
and the N amounts in above and below ground biomass of leys were 320 kg ha-1 and 190 kg ha-1 in 
South-West and East, respectively. The mean spring wheat yield in 2010 varied from 3140 to 3670 kg 
ha-1 with no clear difference between treatments in South-West. In the East the yields varied from 
900 to 1700 kg ha-1, being highest in the plot with digestate as a fertiliser. The additional 40 kg N ha-1 
gave 0–300 kg ha-1 more yield for wheat. The methane production from leys was 22.1 and 27.6 MWh 
ha-1 (0.32 and 0.39 m3 kg-1 TS) in South-West and East, respectively. The preliminary results show that 
the benefit from AD of the green manure leys seem to be based more on biogas energy production 
than for higher yields after AD. The N leaching risk is under determination.  
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EFFECT OF THERMAL PRE-TREATMENT ON THE BIO-CHEMICAL METHANE 
POTENTIALS OF COW, PIG AND CHICKEN MANURE 

 
Chitra S. Raju*, Henrik B. Møller, Alastair J. Ward and Heidi G. Christiansen, *Department of Bio-

systems Engineering, Faculty of Agricultural Sciences, Aarhus University, Blichers Allé 20, P.O. Box 50 
DK-8830 Tjele, Denmark; chitras.raju@agrsci.dk 

 
The purpose of this study was to observe the effect of high temperature pre-treatment on various 
types of manure. The manures tested were cow manure, chicken manure and separated fibres from 
pig manure. The manure samples were thermally pre-treated in a pressure vessel from temperatures 
ranging from 100°C to 225°C with intervals of 25°C. The pre-treated samples were then analysed for 
their bio-chemical methane potentials (BMP). At the end of 60 days the best result in terms of 
percentage increase of the BMP of the pre-treated cow manure samples was from the sample pre-
treated at 200°C, which increased by 28%. In the case of the pig manure sample the best result was 
seen in the samples pre-treated at 225°C and 200°C, both with an increase of 28%. However, in case 
of the chicken manure almost all the samples showed a decrease (from 4% to 15%) in their BMPs 
after pre-treatment. There seemed to be an increase in the BMPs of the cow manure and pig manure 
samples along with rising pre-treatment temperature and there seemed to be a similar decrease in 
the BMPs of the chicken manure samples along with the pre-treatment temperature rise.  
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Arja Nykänen*, Maritta Kymäläinen and Riitta Lemola, *University of Helsinki, Department of 
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The use of red clover-grass leys for green manuring has been a common practice in organic farming 
and is becoming more common in conventional farming, as well. The problem in green manure leys is 
a risk for nitrogen (N) leaching after the ley has been mulched into the soil. One solution could be to 
use the ley biomass for biogas production via anaerobic digestion (AD) and using the digestate for 
fertilisation. Four field experiments were established in south-western and eastern Finland in 2009. 
Main plots in the experiments were: 1) mulched ley, 2) harvested ley for biogas and use of the 
digestate as fertiliser on the same plot next spring and 3) spring wheat as a control. Sub-plots were a) 
no extra fertilisation or b) additional 40 kg N ha-1 for the spring wheat in 2010. The results from the 
first two experiments are available. The dry matter yields of the leys in 2009 were about 7000 kg ha-1 
and the N amounts in above and below ground biomass of leys were 320 kg ha-1 and 190 kg ha-1 in 
South-West and East, respectively. The mean spring wheat yield in 2010 varied from 3140 to 3670 kg 
ha-1 with no clear difference between treatments in South-West. In the East the yields varied from 
900 to 1700 kg ha-1, being highest in the plot with digestate as a fertiliser. The additional 40 kg N ha-1 
gave 0–300 kg ha-1 more yield for wheat. The methane production from leys was 22.1 and 27.6 MWh 
ha-1 (0.32 and 0.39 m3 kg-1 TS) in South-West and East, respectively. The preliminary results show that 
the benefit from AD of the green manure leys seem to be based more on biogas energy production 
than for higher yields after AD. The N leaching risk is under determination.  
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LINSEED PERSPECTIVE FOR ENERGY PRODUCTION 
 

Ļubova Komlajeva* and Aleksandrs Adamovičs, Latvia University of Agriculture, Liela Street 2, 
Jelgava, Latvia, LV-3001; lubasha_k@inbox.lv 

 
The flax is a plant of a temperate climate and has been grown for several years in Latvia. Linseed can 
be used not only for obtaining linseed oil, but also for obtaining solid fuel (briquettes, linseed pellets) 
from straws. The most valuable stalk product - fibre is obtained from bast fibre bundles inside the 
peel, but the shive is obtained from the wood-pulp. In frameworks of this paper 10 hybrids of linseed 
'37-1'; '37-2'; '37-5'; '37-9/1'; '37-10/1'; '37-28'; '37-34'; '37-49'; '37-50'; '38' have been analysed. In 
the test as a standard the linseed sort ‘Lirina’ is included, selected in Germany. The aim of the 
research was to evaluate the suitability of linseed for production of solid fuel. The most important 
features for agriculture are determined, for instance, the persistence of lodging, the period of 
vegetation, straw yield, the total of fibre and shive. The MS Excel program was used for data 
statistical processing. On average the biggest straw yield in three years (2005, 2007 and 2010) was 
found in three linseed hybrids: '37-1'- 255 g m-2; '37-2' – 273 g m-2 and '38-34' – 268 g m-2. On 
average in three years, 21.6% of fibre can be obtained, the best samples were '37-2'; '37-9/1'; '37-49' 
and '37-50', but for seeds and shive in perspective it is better to use the oil hybrids '37-9/1', '37-10/1' 
un '37-34' with the total of shive 59.5–70.4%. 
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INDUSTRAIAL HEMP (CANNABIS SATIVA L.) AS A BIOMASS CROP 
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Nowadays the hemp has become very interesting as a crop for biomass production. The field trials 
(2008–2010) were carried out with the aim to study continuous biomass production. Two varieties 
were used in the experiment (the Latvian local hemp ‘Puriņi’ and Polish variety ‘Bialobrzeskie’) 
fertilized with three N fertilizer rates (N0, N60 and N100 kg ha-1). This study was carried out to clarify 
the possible effects of some factors (variety as factor A), presence or absence of the hemp fibre in a 
stem (factor B), N-fertilizer rate (factor C) on the plant height, carbon content, and ashes content in 
the hemp biomass. The hemp green biomass yield of ‘Puriņi’ and 'Bialobrzeskie' in Latvia was 45.0–
59.9 t ha-1 and 30.0–46.0 t ha-1, respectively, but the dry matter yield was 11.9–16.0 t ha-1 and 7.38–
12.1 t ha-1, respectively. The plant height was affected by investigated factors A and C (P<0.001). The 
carbon content in the hemp stems was noted to be from 37.62% to 40.88%, and it was not 
dependant on N-fertilizer rate, but it was affected by the variety used (P<0.05) and presence or 
absence of the hemp fibre (P<0.001) in the stems. The ash content in the hemp stems (samples of 10 
g) was noted to be from 0.436 g to 1.254 g. N-fertilizer rates of the hemps ‘Puriņi’ and ‘Bialobrzeskie’ 
had differences between N0 and N100 (P<0.05) but there were no significant differences between N0 
and N60, and between N60 and N100. Hemp is an environmentally friendly plant. Hemp is suitable 
for cultivation and for bioenergy production in the agroclimatic conditions in Latvia. 
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The flax is a plant of a temperate climate and has been grown for several years in Latvia. Linseed can 
be used not only for obtaining linseed oil, but also for obtaining solid fuel (briquettes, linseed pellets) 
from straws. The most valuable stalk product - fibre is obtained from bast fibre bundles inside the 
peel, but the shive is obtained from the wood-pulp. In frameworks of this paper 10 hybrids of linseed 
'37-1'; '37-2'; '37-5'; '37-9/1'; '37-10/1'; '37-28'; '37-34'; '37-49'; '37-50'; '38' have been analysed. In 
the test as a standard the linseed sort ‘Lirina’ is included, selected in Germany. The aim of the 
research was to evaluate the suitability of linseed for production of solid fuel. The most important 
features for agriculture are determined, for instance, the persistence of lodging, the period of 
vegetation, straw yield, the total of fibre and shive. The MS Excel program was used for data 
statistical processing. On average the biggest straw yield in three years (2005, 2007 and 2010) was 
found in three linseed hybrids: '37-1'- 255 g m-2; '37-2' – 273 g m-2 and '38-34' – 268 g m-2. On 
average in three years, 21.6% of fibre can be obtained, the best samples were '37-2'; '37-9/1'; '37-49' 
and '37-50', but for seeds and shive in perspective it is better to use the oil hybrids '37-9/1', '37-10/1' 
un '37-34' with the total of shive 59.5–70.4%. 
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EVALUATION OF MAIZE AND HEMP AS ENERGY CROPS IN NORTHERN 
LATITUDES 
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of Agricultural Sciences, University of Helsinki, P.O. Box 27 (Latokartanonkaari 5), FI-00014 Helsinki, 

Finland; arja.santanen@helsinki.fi 
 
In selecting good bioenergy crops, the quality of the biomass is a significant factor in addition to high 
biomass production and low inputs of fossil fuels in agricultural operations. First-generation biofuels 
exploit soluble sugars and starch, which are available in limited amounts and cannot compensate 
fossil fuels. In second-generation methods, using lignocellulose, lignin content and composition 
affect hydrolysability of biomass, and these characters change in maturing crops. We have grown C4 
plants of maize (Zea mays L.) and C3 plants of hemp (Cannabis sativa L.) as potential annual 
bioenergy crops in 2007–2010 at Viikki Experimental Station (60°13’N), Finland. Maize was fertilized 
with 120 kg N/ha and hemp with 60 kg N/ha. Samples of 1 m2 were harvested in autumn to yield 
analysis. With these N fertilizer rates all maize cultivars gave usually higher yields (DM, 14–25 t/ha) 
than hemp cultivars (DM, 6.4–14 t/ha). The chemical composition of the samples were analysed from 
dried, milled samples with ICP-OES (Al, Ca, K, Mg, Na, P, S and Si), chloridometer (Cl), VarioMax CN 
analyzer (C, N), and energy content (MJ/kg DM) with calorimeter. Productivity and suitability of eight 
cultivars of bioenergy maize were compared in 2010 trials. The yield was harvested every three 
weeks in autumn to obtain information about the changes in hydrolysability of different cultivars. 
Soluble and hydrolysed sugars were analysed colourimetrically after acid and enzymatic hydrolysis. 
Acid soluble lignin was detected from hyrolysates and acid insoluble lignin by gravimetric analysis. 
Plant species, genotypes, and management practices had a significant influence on biomass yield and 
its quality. 
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Animal welfare has raised a lot of public concern during the last few years. The society has responded 
to these concerns by developing new standards (WQ – welfare quality) for the assessment of 
welfare. These measures have not yet been widely applied. In spite of this, data banks of production 
environment in livestock operations have been collected for years. From the farmers point of view 
the level of animal welfare is also an economic question. For example, more space required means 
higher input use but not necessarily higher output or reduction in other inputs. Some preferred 
practices exceeding minimum standards are also supported by specific governmental subsidies. The 
aim of this study is to examine how differences in production environment affect productivity on 
Finnish dairy farms. Farm level “environmental” variables related to herd, barn technology and 
indicators of animal welfare are used to explain differences in productivity of farms. To estimate the 
extent of inefficiency of farms, stochastic production frontier analysis is applied. An important aspect 
is also to provide practical advice for farmers how to improve their performance through better 
production environment in livestock operations. A sample of 320 farms with more than 20 cows in 
South Ostrobothnia area was compiled from several different data sources (years 2006–2009). 
Administrative registers provided monetary farm taxation data and production data. Production data 
included number of cows, milk output and hectares of land. Besides these, large database of herd 
and barn technology related information collected by ProAgria Rural Advisory Centre was used. Also, 
farm labour and machinery input not available from registers was collected by interviewing 225 
farms. Results and conclusions of this study will be presented at the congress. 
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In selecting good bioenergy crops, the quality of the biomass is a significant factor in addition to high 
biomass production and low inputs of fossil fuels in agricultural operations. First-generation biofuels 
exploit soluble sugars and starch, which are available in limited amounts and cannot compensate 
fossil fuels. In second-generation methods, using lignocellulose, lignin content and composition 
affect hydrolysability of biomass, and these characters change in maturing crops. We have grown C4 
plants of maize (Zea mays L.) and C3 plants of hemp (Cannabis sativa L.) as potential annual 
bioenergy crops in 2007–2010 at Viikki Experimental Station (60°13’N), Finland. Maize was fertilized 
with 120 kg N/ha and hemp with 60 kg N/ha. Samples of 1 m2 were harvested in autumn to yield 
analysis. With these N fertilizer rates all maize cultivars gave usually higher yields (DM, 14–25 t/ha) 
than hemp cultivars (DM, 6.4–14 t/ha). The chemical composition of the samples were analysed from 
dried, milled samples with ICP-OES (Al, Ca, K, Mg, Na, P, S and Si), chloridometer (Cl), VarioMax CN 
analyzer (C, N), and energy content (MJ/kg DM) with calorimeter. Productivity and suitability of eight 
cultivars of bioenergy maize were compared in 2010 trials. The yield was harvested every three 
weeks in autumn to obtain information about the changes in hydrolysability of different cultivars. 
Soluble and hydrolysed sugars were analysed colourimetrically after acid and enzymatic hydrolysis. 
Acid soluble lignin was detected from hyrolysates and acid insoluble lignin by gravimetric analysis. 
Plant species, genotypes, and management practices had a significant influence on biomass yield and 
its quality. 
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WEED SEEDS 

 
Anders Johansen*, Christian M. Hansen, Christian Andreasen, Josefine Carlsgart, Henrik B. Nielsen 
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Environmental Science and Microbiology, Frederiksborgvej 399, DK-4000 Roskilde, Denmark; 

ajo@dmu.dk 
 
Anaerobic digestion of residual materials from animals and crops offers an opportunity to 
simultaneously produce bioenergy and plant fertilizers at single farms and in farm communities 
where input substrate materials and resulting digested residues are shared among member farms. A 
surplus benefit from this praxis may be the suppressing of propagules from harmful biological pest 
like animal parasites, pathogens, and weed seeds. In the BIOCONCENS project 
(http://www.icrofs.dk/Sider/Forskning/foejoIII_bioconcens.html) batch experiments were 
performed, where survival of six species of weeds and the pigs large roundworm Ascaris suum (non-
embryonated eggs) was assessed under conditions similar to biogas plants managed at meso- (37 °C) 
and thermophilic (50 °C) conditions. Cattle manure was used as digestion substrate and experimental 
units were sampled destructively. Regarding survival of A. suum, the effect of thermophilic 
conditions was highly significant as no eggs survived more than 3 h of incubation at 50 °C. Incubation 
at 37 °C did not affect egg survival during the first 48 h and it took up to 10 days before total 
elimination was reached. Similarly, at 50 °C complete mortality of weed seeds, irrespective of 
species, was reached after less than two days. At mesophilic conditions, seeds of Avena fatua, 
Sinapsis arvensis, Solidago canadensis had completely lost germination ability, while Brassica napus, 
Polygonum convolvulus and Amzinckia micranta still maintained low levels (~1%) of germination 
ability after one week. Chenopodium album was the only weed species which survived one week at 
substantial levels (7%) although after 11 d germination ability was totally lost. In general, anaerobic 
digestion in biogas plants seems an efficient way (thermophilic more efficient than mesophilic) to 
treat organic farm wastes in a way that suppresses animal parasites and weeds so that the digestates 
can be applied without risking the spread of these pests.  
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Production of grass and red clover in the Nordic countries are important for the crop rotation and 
has good potential to supply pigs with nutrients and increase the possibilities for pigs to perform 
feeding behaviour. However, pigs’ ability to consume roughage may vary according to nutrient 
properties and straw length. The present study aimed to evaluate how grass/red clover silage 
affected production and behaviour. Sixty-four growing/finishing pigs (HxY) were evenly distributed 
into four dietary treatments: commercial feed + chopped silage, fed mixed (SM); commercial feed + 
whole silage, fed separately (SS); commercial feed + grinded silage, mixed and pelleted (SP); 
commercial feed without silage inclusion (C). The pigs were fed twice daily according to the Swedish 
energy recommendations. When included, silage constituted 20% of the feed, on an energy-basis. 
Performance was analyzed with GLM and behaviour with GLIM in SAS. Preliminary results showed 
that SM and SS pigs had lower average daily weight gain than SP and C pigs (763 and 783 vs. 850 and 
856 g/day, P≤0.001). Lean meat content was higher in SS and SM pigs than in SP pigs (58.9 and 58.0 
vs. 56.6%, P=0.005), while C pigs were intermediate (57.5%). Carcass weight and dressing percentage 
was lower for pigs in silage treatments than for C pigs (P≤0.001, for both). Activity level differed 
between all treatments (28.5, 25.9, 22.2 and 19.4% of the time for SM, SS, C and SP respectively, 
P≤0.001). However, SS pigs spent more time eating than SP and C pigs (P≤0.001). Moreover, silage 
inclusion reduced the time spent interacting with other pigs (P≤0.001). The results indic ate that pigs 
fed grass/red clover silage have the potential to grow as well as pigs fed commercial feed, if silage is 
fed in a pelleted form. Additionally, the physical form of the silage influence production and 
behaviour. 
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ANEROBIC DIGESTION AS A TOOL TO ELIMINATE ANIMAL PARASITES AND 
WEED SEEDS 

 
Anders Johansen*, Christian M. Hansen, Christian Andreasen, Josefine Carlsgart, Henrik B. Nielsen 

and Allan Roepstorf, *National Environmental Research Institute at Aarhus University, Department of 
Environmental Science and Microbiology, Frederiksborgvej 399, DK-4000 Roskilde, Denmark; 

ajo@dmu.dk 
 
Anaerobic digestion of residual materials from animals and crops offers an opportunity to 
simultaneously produce bioenergy and plant fertilizers at single farms and in farm communities 
where input substrate materials and resulting digested residues are shared among member farms. A 
surplus benefit from this praxis may be the suppressing of propagules from harmful biological pest 
like animal parasites, pathogens, and weed seeds. In the BIOCONCENS project 
(http://www.icrofs.dk/Sider/Forskning/foejoIII_bioconcens.html) batch experiments were 
performed, where survival of six species of weeds and the pigs large roundworm Ascaris suum (non-
embryonated eggs) was assessed under conditions similar to biogas plants managed at meso- (37 °C) 
and thermophilic (50 °C) conditions. Cattle manure was used as digestion substrate and experimental 
units were sampled destructively. Regarding survival of A. suum, the effect of thermophilic 
conditions was highly significant as no eggs survived more than 3 h of incubation at 50 °C. Incubation 
at 37 °C did not affect egg survival during the first 48 h and it took up to 10 days before total 
elimination was reached. Similarly, at 50 °C complete mortality of weed seeds, irrespective of 
species, was reached after less than two days. At mesophilic conditions, seeds of Avena fatua, 
Sinapsis arvensis, Solidago canadensis had completely lost germination ability, while Brassica napus, 
Polygonum convolvulus and Amzinckia micranta still maintained low levels (~1%) of germination 
ability after one week. Chenopodium album was the only weed species which survived one week at 
substantial levels (7%) although after 11 d germination ability was totally lost. In general, anaerobic 
digestion in biogas plants seems an efficient way (thermophilic more efficient than mesophilic) to 
treat organic farm wastes in a way that suppresses animal parasites and weeds so that the digestates 
can be applied without risking the spread of these pests.  
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NUTRIENT UTILIZATION OF CHICORY FORAGE (CICHORIUM INTYBUS L.) IN 
GROWING PIGS 

 
Emma Ivarsson* and Jan Erik Lindberg, *Department of Animal Nutrition and Management, P.O. Box 
7024, Swedish University of Agricultural Science, SE-75007 Uppsala, Sweden; emma.ivarsson@slu.se 

 
Chicory (Cichorium intybus L.) is a perennial herb that can be complementary to traditional forage 
crops. Recent studies in weaned and growing pigs have shown promising results with maintained 
growth performance and only minor negative impact on nutrient utilization when the pigs were fed 
on cereal-based diets with chicory forage inclusion. However, there are no reported values on the 
digestibility of chicory forage in pigs. The aim of this study was to estimate the coefficients of ileal 
and total tract apparent digestibility (CIAD; CTTAD) of chicory forage. Six growing pigs 22.8 kg (SD 
0.79) were fitted with a post valve t-caecum cannula and fed a basal diet in a pre-period, this diet 
served as a reference diet and in the treatment diet 15% of the basal diet was substituted with 
chicory forage meal. The CTTAD and CIAD of the diets were calculated using the marker-ratio 
technique with TiO2 as indigestible marker. The CTTAD and CIAD of chicory forage were estimated by 
difference calculation using data from the basal diet and the diet with chicory inclusion. The results 
are expressed as raw means±standard errors. The CTTAD (predicted±standard error) of dry matter, 
organic matter, crude protein and non starch polysaccharides in chicory forage meal were; 
0.48±0.02, 0.42±0.02, 0.34±0.03 and 0.60±0.06, respectively. Corresponding values for CIAD were; 
0.39±0.08, 0.36±0.07, 0.32±0.08 and 0.42±0.11, respectively. Comparing with earlier publications the 
CTTAD values were similar, but the CIAD were higher than for red clover and confirms that chicory 
forage can be a valuable forage crop in pig production. 
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MEASURING THE EXPRESSION OF HORDEINS IN HIGH PROTEIN CULTIVARS AS 
A FIRST STEP TO IMPROVE FEED QUALITY 

 
Agnieszka Kaczmarczyk*, Per Aaslo, Zoltán Elek and Èva Vincze, *Department of Genetics and 

Biotechnology, Faculty of Agricultural Sciences, Aarhus University, Forsøgsvej 1, DK-4200 Slagelse, 
Denmark; agnieszka.kaczmarczyk@agrsci.dk 

 
Barley (Hordeum vulgare) is a very important nutrition source for monogastric animals like 
extensively produced pigs. Barley grain provides a high amount of starch and vitamins but is also 
characterized by unfavourable amino acid composition which forces the need of supplementation 
before exploiting as a feed. Hordeins, the main storage proteins of barley grain, have a less optimal 
amino acid profile characterized by a low content or lack of essential amino acids (lysine, cysteine) 
and a high content of non-essential amino acids (proline, glutamine). Hordeins consist of gene 
families and their proportion in different cultivars may differ substantially. Detailed knowledge about 
their expression could be a starting point in creating novel cereal cultivars with high protein 
concentration and better amino acid composition. Six barley cultivars with a high protein content 
(Netto, PR3440, Kontiki, Fairytale, PR3528 and IC364) and Golden Promise as a control were selected 
for analysis of hordeins expression at four stages of grain development. All the known hordein coding 
sequences were collected from commonly available databases (NCBI, HarvEST, TIGR) and classified 
into groups and subgroups (B1, B3, C, D and Γ). Specific primers were designed with Primique and 
AlleleID software and checked with qRT-PCR first on the Golden Promise followed by the gene 
expression analysis of the collected material from the high protein cultivars. According to the 
standard curve prepared for actin, the concentration of cDNA in all samples was evaluated and the 
amount of individual transcripts was measured. Amino acid profiles and protein content in all 
samples were analyzed using ultra-performance liquid chromatography. It was noticed that there are 
big changes in quantity and quality of storage protein transcripts in consecutive developmental 
phases and among different cultivars. The amount of mRNA was compared with amino acid profiles 
and protein concentrations to obtain correlation among these phenomena. 
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Chicory (Cichorium intybus L.) is a perennial herb that can be complementary to traditional forage 
crops. Recent studies in weaned and growing pigs have shown promising results with maintained 
growth performance and only minor negative impact on nutrient utilization when the pigs were fed 
on cereal-based diets with chicory forage inclusion. However, there are no reported values on the 
digestibility of chicory forage in pigs. The aim of this study was to estimate the coefficients of ileal 
and total tract apparent digestibility (CIAD; CTTAD) of chicory forage. Six growing pigs 22.8 kg (SD 
0.79) were fitted with a post valve t-caecum cannula and fed a basal diet in a pre-period, this diet 
served as a reference diet and in the treatment diet 15% of the basal diet was substituted with 
chicory forage meal. The CTTAD and CIAD of the diets were calculated using the marker-ratio 
technique with TiO2 as indigestible marker. The CTTAD and CIAD of chicory forage were estimated by 
difference calculation using data from the basal diet and the diet with chicory inclusion. The results 
are expressed as raw means±standard errors. The CTTAD (predicted±standard error) of dry matter, 
organic matter, crude protein and non starch polysaccharides in chicory forage meal were; 
0.48±0.02, 0.42±0.02, 0.34±0.03 and 0.60±0.06, respectively. Corresponding values for CIAD were; 
0.39±0.08, 0.36±0.07, 0.32±0.08 and 0.42±0.11, respectively. Comparing with earlier publications the 
CTTAD values were similar, but the CIAD were higher than for red clover and confirms that chicory 
forage can be a valuable forage crop in pig production. 
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NEW PROTEIN ADDITIVE IN BROILER CHICKEN FEEDING 
 

Ira I. Vitina, Vera Krastina, Aleksandrs Jemeljanovs, Vita Sterna*, Sallija Cerina, Anatolijs Bosenko and 
Darius Sargautis, *Research Institute of Biotechnology and Veterinary Medicine “Sigra” of Latvia 

University of Agriculture, Institūta iela 1, Sigulda, LV-2150, Latvia; vitasterna@inbox.lv 
 
A new protein feed additive was produced from ethanol beer, a bioethanol by-product containing 
grain and yeast protein. The additive is pelleted and contains not less than 55% crude protein and 6% 
crude fat of dry matter. Investigations were carried out to evaluate the effects of the additive on 
broiler chicken (ROSS 308 crosses) productivity, metabolism and meat quality, comparing with fodder 
yeast. Statistical analyses were carried out using Microsoft Excel and SPSS. In comparison with fodder 
yeast, using 5% of the new additive increased live weight by 2.8% (P<0.05), improved productivity 
index by 40.0, decreased feed conversion by 7.4% (P<0.01) and did not influenced meat quality, liver 
and kidney functions. Using the additive, the produced meat contained 20.91% proteins, 0.88–1.08% 
total fat, 9.4–10.6 μg cholesterol/g, and had a meat quality index of 19.30–23.76. It is recommended 
to substitute 2.5–3.0% of fodder yeast by 5% of the new protein additive. 
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IMPACT OF A PROBIOTIC SUPPLEMENT ON THE WEIGHT LOSS OF SOWS AND 
WEANING WEIGHT OF PIGLETS 

 
Sanita Bula, Uldis Ositis*, Silvija Strikauska and Lilija Degola, *Latvia University of Agriculture, 

Institute of Agrobiotehnology, 2 Liela street, LV-3002, Latvia; uldisositis@gmail.com 
 
The aim of this field study was to evaluate the influence of the probiotic BioPlus 2B on the weight 
loss of sows during lactation and weaning weight of litter and piglets. A total of 126 gilts/sows on 
commercial pig farm were allocated to either a group of 61 sows supplemented with probiotic 
BioPlus 2B (400 g per ton feed) or a non-supplemented control group of 65 sows from two weeks 
before farrowing to weaning. The microbiological content of feed rations was analyzed. Data were 
statistically processed by MS Excel program package using methods for descriptive statistics, analysis 
of variance and t-test. Lactating sows supplemented with probiotic BioPlus 2B increased their feed 
intake. It reduced sows weight loss during lactation; weight loss was 40.4–44.8 kg in controls vs. 
18.0–23.0 kg in supplemented sows (P<0.05). Insemination of sows was done 4–5 days after 
weaning. Repeated insemination was needed for more sows in the control group: 22 sows in the 
control group vs.12 sows in the supplemented group (P<0.05). A reduced percentage of repeated 
insemination from 36 to 18.5% in a commercial pig farm is a notable effect. The number of weaned 
piglets/litter did not differ significantly between control and supplemented groups (10.54 piglets vs. 
10.63, P>0.05). Weaned litter weight was 85.2 kg in the control group and 83.4 kg in the 
supplemented group (P>0.05); piglet live weight was 8.14 kg in the control and 7.88 kg in the 
supplemented group (P>0.05). We conclude that these are sound arguments to supplement all sows 
on commercial farms with BioPlus 2B. 
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A new protein feed additive was produced from ethanol beer, a bioethanol by-product containing 
grain and yeast protein. The additive is pelleted and contains not less than 55% crude protein and 6% 
crude fat of dry matter. Investigations were carried out to evaluate the effects of the additive on 
broiler chicken (ROSS 308 crosses) productivity, metabolism and meat quality, comparing with fodder 
yeast. Statistical analyses were carried out using Microsoft Excel and SPSS. In comparison with fodder 
yeast, using 5% of the new additive increased live weight by 2.8% (P<0.05), improved productivity 
index by 40.0, decreased feed conversion by 7.4% (P<0.01) and did not influenced meat quality, liver 
and kidney functions. Using the additive, the produced meat contained 20.91% proteins, 0.88–1.08% 
total fat, 9.4–10.6 μg cholesterol/g, and had a meat quality index of 19.30–23.76. It is recommended 
to substitute 2.5–3.0% of fodder yeast by 5% of the new protein additive. 
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SOIL TILLAGE AND STRAW TREATMENT IN RELATION TO FUSARIUM SPP. AND 
MYCOTOXINS IN GRAIN IN NORWAY 

 
Till Seehusen*, Ingerd S. Hofgaard, Guro Brodal, Oleif Elen, Jafar Razzaghian and Hugh Riley, 

*Norwegian Institute for Agricultural and Environmental Research, Bioforsk Øst Apelsvoll, Nylinna 
226, N-2849 Kapp, Norway; till.seehusen@bioforsk.no 

 
Fusarium infections and associated mycotoxin contamination of grain are increasingly problematic in 
Norway, both for growers, livestock producers and consumers. The problem is most serious in oats 
where DON (deoxynivalenol) and HT2/T2 mycotoxins are commonly detected. A multidisciplinary 
project (2010–2014) is currently addressing aspects related to crop management, plant breeding and 
animal productivity. Fusarium infections are associated with the presence of crop residues on the soil 
surface, which increase with reduced tillage. Reduced tillage is encouraged in Norway in order to 
reduce soil erosion and water pollution. Four tillage trials were established in 2009/2010, two on silt 
soil (oats/wheat), one on clay loam (oats) and one on loam (wheat). Straw removal is compared with 
straw chopping on main plots, and various tillage alternatives are compared on split-plots. The latter 
treatments include deep autumn ploughing, shallow spring ploughing, deep autumn harrowing, 
shallow autumn harrowing and no tillage in autumn. All plots are harrowed in spring. Plots with 
oilseeds are also included, in order to assess the effect of crop rotation on survival of Fusarium spp. 
in crop residue. Crop residue cover is measured in autumn and spring, and straw is sampled for 
identification of Fusarium spp. Preliminary results on the effect of different tillage treatment on crop 
residue cover, development of Fusarium spp. in residues, and development mycotoxins in harvested 
grain of oats and spring wheat will be presented, together with yields obtained in the first trial year. 
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OCCURRENCE OF ALTERNARIA SOLANI IN SWEDEN AND ITS SENSITIVITY 
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The phytopathogenic fungus Alternaria solani causes early blight on potato. During the last decade 
the problems with early blight have increased in the south-eastern part of Sweden, especially in 
starch potato crops. One reason could be the drastic decline in the use fungicides based on 
Mancozeb against Phytophthora infestans, which also are effective against Alternaria-species. 
Instead, fungicides based on strobilurins are used, which have been efficient in controlling early 
blight, resulting in higher yields of tubers and starch. However, in Sweden, potato growers are now 
experiencing increasing problems with early blight even though the crop has been treated with 
strobilurins. North American strains of A. solani have though lost the sensitivity to strobilurins due to 
a substitution of the amino acid at the position 129 (F129L) in the gene encoding for cytochrome b. 
Surveys of A. solani within the Swedish starch and ware potato were performed during 2009 to 2011. 
The fungus was identified using species specific PCR procedure amplifying the gene encoding 
cytochrome b. The PCR products were sequenced in search for any relevant amino acid substitution 
associated with loss of sensitivity to strobilurins. The results indicated that it was A. solani and not A. 
alternata causing the lesions of 2009. Neither of the A. solani sequences had any substitution leading 
to loss of sensitivity to strobilurins. Besides identification of the causal agent to the lesion, the time 
of infection was analysed in search for guidelines regarding the optimum timing of fungicide 
treatment. Preliminary results for 2010 showed that the infection started in mid July in the south-
eastern part of Sweden. 
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Fusarium infections and associated mycotoxin contamination of grain are increasingly problematic in 
Norway, both for growers, livestock producers and consumers. The problem is most serious in oats 
where DON (deoxynivalenol) and HT2/T2 mycotoxins are commonly detected. A multidisciplinary 
project (2010–2014) is currently addressing aspects related to crop management, plant breeding and 
animal productivity. Fusarium infections are associated with the presence of crop residues on the soil 
surface, which increase with reduced tillage. Reduced tillage is encouraged in Norway in order to 
reduce soil erosion and water pollution. Four tillage trials were established in 2009/2010, two on silt 
soil (oats/wheat), one on clay loam (oats) and one on loam (wheat). Straw removal is compared with 
straw chopping on main plots, and various tillage alternatives are compared on split-plots. The latter 
treatments include deep autumn ploughing, shallow spring ploughing, deep autumn harrowing, 
shallow autumn harrowing and no tillage in autumn. All plots are harrowed in spring. Plots with 
oilseeds are also included, in order to assess the effect of crop rotation on survival of Fusarium spp. 
in crop residue. Crop residue cover is measured in autumn and spring, and straw is sampled for 
identification of Fusarium spp. Preliminary results on the effect of different tillage treatment on crop 
residue cover, development of Fusarium spp. in residues, and development mycotoxins in harvested 
grain of oats and spring wheat will be presented, together with yields obtained in the first trial year. 
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Biological control is expected to play an increasing and important role in the future both in 
ecologically farmed crops and in integrated pest management production. Understanding the 
mechanisms that determine the outcome of the interactions between biological control agents 
(BCAs) and pathogens is important for improving applications of BCAs. The fungus Clonostachys rosea 
is an efficient BCA under field conditions for a variety of plant diseases on agricultural crops, 
including diseases caused by Fusarium, Pythium, Botrytis, Alternaria, Tilletia and Bipolaris pathogens. 
As an initial step to study mechanisms responsible for this versatile ability, we sequenced the 
genome of C. rosea strain IK726 using Illumina/Solexa technology. The estimated genome size is >59 
Mbp, substantially larger than related Trichoderma BCA genomes. Genome analysis revealed a 
significant (P=0.001) increase in the number of chitinase genes (>25), encoding hydrolytic enzymes 
implicated in mycoparasitic interactions. Evolutionary analyses show that chitinase gene ech37 is of 
bacterial origin and represents a horizontal gene transfer event. Furthermore, regions of high amino 
acid variability are preferentially localized to coil-regions adjacent to certain alpha-helices, suggesting 
structural adaptations of ech37 architecture. C. rosea was previously shown to detoxify the Fusarium 
mycotoxin zearalenone (ZEA) through the enzyme zearalenone lactonohydrolase, which cleaves the 
lactone-ring of ZEA resulting in a less toxic derivate. We show that the zearalenone lactonohydrolase 
gene, zhd101, is induced 5-fold by 50 μg/ml ZEA, but repressed 5-fold by 5 g/l glucose or sucrose 
(P≤0.014). A zhd101 knock-out mutant show reduced growth rate on 30 μg/ml ZEA, and we currently 
investigate the role of zhd101 in antagonistic interactions with F. culmorum and F. graminearum. In 
summary, our data suggest that hydrolytic degradation of the antagonist cell wall and mycotoxin 
detoxification are important components of the biocontrol ability of C. rosea. 
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DIAGNOSIS OF DISEASES – THE MOST IMPORTANT PART OF INTEGRATED 
VEGETABLES DISEASE CONTROL 
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University of Agriculture, Liela Street 2, Jelgava, LV-3002, Latvia; gunita.bimsteine@llu.lv 
 
Integrated disease control is extremely important in vegetables production. Under intensive 
vegetable crop production a heavy disease pressure was observed in Latvia. Field observations of 
disease development during vegetation period and diagnostic fungal pathogens were carried out at 
Pure Horticultural Research Centre and Institute of Soil and Plant sciences of LLU during the years 
2008–2010. Diseases of onion, cabbages and carrot were determined according visual symptoms and 
microscopic features of fruiting bodies and spores. Potato dextrose agar and carrot leaf agar were 
used for isolation and identification of pathogens. Onion diseases (downy mildew caused by 
Peronospora destructor and purple blotch caused by Alternaria spp.), carrot diseases (leaf blight 
caused by Alternaria spp., carrot rot caused by Fusarium spp. and white mold caused by Sclerotinia 
sclerotiorum) and cabbages diseases (leaf spots caused by Alternaria spp., leaf blotch caused by 
Phoma lingam, white mold caused by S. sclerotiorum, gray rot caused by Botrytis cinerea and black 
rot caused by Xanthomonas campestris pv. campestris) were determined during vegetation seasons. 
The disease spectrum and also the disease incidence and severity varied between the years. Downy 
mildew dominated in 2008–2009, while Alternaria leaf blotches and different fungal and bacterial 
rots dominated in 2010. 
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Biological control is expected to play an increasing and important role in the future both in 
ecologically farmed crops and in integrated pest management production. Understanding the 
mechanisms that determine the outcome of the interactions between biological control agents 
(BCAs) and pathogens is important for improving applications of BCAs. The fungus Clonostachys rosea 
is an efficient BCA under field conditions for a variety of plant diseases on agricultural crops, 
including diseases caused by Fusarium, Pythium, Botrytis, Alternaria, Tilletia and Bipolaris pathogens. 
As an initial step to study mechanisms responsible for this versatile ability, we sequenced the 
genome of C. rosea strain IK726 using Illumina/Solexa technology. The estimated genome size is >59 
Mbp, substantially larger than related Trichoderma BCA genomes. Genome analysis revealed a 
significant (P=0.001) increase in the number of chitinase genes (>25), encoding hydrolytic enzymes 
implicated in mycoparasitic interactions. Evolutionary analyses show that chitinase gene ech37 is of 
bacterial origin and represents a horizontal gene transfer event. Furthermore, regions of high amino 
acid variability are preferentially localized to coil-regions adjacent to certain alpha-helices, suggesting 
structural adaptations of ech37 architecture. C. rosea was previously shown to detoxify the Fusarium 
mycotoxin zearalenone (ZEA) through the enzyme zearalenone lactonohydrolase, which cleaves the 
lactone-ring of ZEA resulting in a less toxic derivate. We show that the zearalenone lactonohydrolase 
gene, zhd101, is induced 5-fold by 50 μg/ml ZEA, but repressed 5-fold by 5 g/l glucose or sucrose 
(P≤0.014). A zhd101 knock-out mutant show reduced growth rate on 30 μg/ml ZEA, and we currently 
investigate the role of zhd101 in antagonistic interactions with F. culmorum and F. graminearum. In 
summary, our data suggest that hydrolytic degradation of the antagonist cell wall and mycotoxin 
detoxification are important components of the biocontrol ability of C. rosea. 
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The valuation of disease symptoms by human eye is erroneous and can yield to problems in data 
analysis, especially if different individuals did the valuation of symptoms. Camera vision offers a tool 
to do the valuation of disease symptoms more quickly and more objective in contrast to human 
valuation. Fifteen wheat varieties with different levels of susceptibility to head blight were sown in 3 
m x 1.80 m plots (four replicates). While flowering two replicates were artificially infected with a 
spore suspension of Fusarium culmorum (W. G. Sm.) Sacc. The other two replicates formed the non-
infected control plots. Image gathering by use of a colour (red, green, and blue) and a multispectral 
(red, infrared) camera system and the symptom valuation by human eye took place in June and July 
2009, beginning from growth stage EC 77 (late milk). In the image analysis the head blight symptoms 
were classified against the background by setting colour and morphological thresholds. The result of 
this binarisation procedure was a black-white binary image. The percentage of pixels classified as 
head blight symptoms was calculated as a measure of disease severity. According to the shape of the 
scatter plots linear regression were used to analyse the relationship between camera-detected 
(percentage of pixels classified as diseased) and visually valuated disease levels (mean percentage of 
the diseased ear area). The relationship was explained by linear models. The goodness of fit R² 
ranged from 0.76 to 0.91 and the root mean squared error ranged from 0.53 to 4.30. No pixels were 
classified as head blight in the two control plots without disease symptoms using the multispectral 
camera system. The processing of the colour images resulted in to many pixels classified as head 
blight infection.  
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hakan.fogelfors@slu.se 
 
Our goal has been to create a website containing the available knowledge from the extensive source 
material that exists within the area. We wish to make this material readily available for practical 
advisory purposes, not only for the traditional farming audience (farmers, advisory workers, 
agriculture students, etc.), but also for the broader public, particularly in view of the current huge 
interest in gardening. The Weed Advisor provides help with interactive identification of plants at 
different stages of development, tips on control measures in different situations with regard to 
cultivation system (organic farming; integrated production, IP; conventional farming) and 
information on the biology and ecology of species. It also provides some articles on topics within the 
weed area. Automatic literature and project searches will be possible. The Weed Advisor can also be 
accessed in the field via mobile phone. The work began in 2008 and today includes over 100 species 
of the approximately 250 wild plant species that can occur as weeds in different environments within 
the Nordic countries. Work on expanding and developing the Weed Advisor will continue for another 
year so all functions will be fully in place 2011–2012 (homepage: ograsradgivaren.slu.se). 
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SYMPTOM DETECTION OF HEAD BLIGHT (SCAB) INFECTED EARS IN WINTER 
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Karl-Heinz Dammer* and Bernd Möller, *Leibniz-Institute for Agricultural Engineering Potsdam-
Bornim, Department Engineering for Crop Production, Max-Eyth-Allee 100, D-14469 Potsdam, 

Germany; kdammer@atb-potsdam.de 
 
The valuation of disease symptoms by human eye is erroneous and can yield to problems in data 
analysis, especially if different individuals did the valuation of symptoms. Camera vision offers a tool 
to do the valuation of disease symptoms more quickly and more objective in contrast to human 
valuation. Fifteen wheat varieties with different levels of susceptibility to head blight were sown in 3 
m x 1.80 m plots (four replicates). While flowering two replicates were artificially infected with a 
spore suspension of Fusarium culmorum (W. G. Sm.) Sacc. The other two replicates formed the non-
infected control plots. Image gathering by use of a colour (red, green, and blue) and a multispectral 
(red, infrared) camera system and the symptom valuation by human eye took place in June and July 
2009, beginning from growth stage EC 77 (late milk). In the image analysis the head blight symptoms 
were classified against the background by setting colour and morphological thresholds. The result of 
this binarisation procedure was a black-white binary image. The percentage of pixels classified as 
head blight symptoms was calculated as a measure of disease severity. According to the shape of the 
scatter plots linear regression were used to analyse the relationship between camera-detected 
(percentage of pixels classified as diseased) and visually valuated disease levels (mean percentage of 
the diseased ear area). The relationship was explained by linear models. The goodness of fit R² 
ranged from 0.76 to 0.91 and the root mean squared error ranged from 0.53 to 4.30. No pixels were 
classified as head blight in the two control plots without disease symptoms using the multispectral 
camera system. The processing of the colour images resulted in to many pixels classified as head 
blight infection.  
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IMPACT OF TILLAGE INTENSITY ON ARABLE SOIL MICROBIAL COMMUNITIES, 
PHYSICAL PARAMETERS AND PLANT PATHOGEN SUPPRESSIVENESS 

 
Timo P. Sipilä*, Ansa Palojärvi, Ossi Knuutila, Pauliina Lankinen, Kim Yrjälä and Laura Alakukku, *MTT 

Agrifood Research Finland/University of Helsinki, Department of Agricultural Sciences, P.O. Box 56, 
FI-00014 Helsinki, Finland; timo.p.sipila@helsinki.fi 

 
Agriculture is facing major environmental challenges due to climate change. Erosion and nutrient 
loading to waterways is increasing, if autumns get wetter and winters milder as predicted. Crop cover 
protects the soil surface reducing the risk of erosion and nutrient leaching. The remaining crop 
residues may, however, hamper agriculture and create optimal conditions for soil and residue born 
crop pathogens. The aim is to develop innovative and feasible agro-environmental technology for 
improvement of environmental sustainability of cultivation methods by increasing soil crop cover 
taking advantage of ecosystem services of soil microbes to suppress crop pathogens as an alternative 
system for chemical control. Studies were conducted at six long term experimental field sites with 
no-till and till treatment plots cultivated mainly with spring cereals. Four automatic continuous 
monitoring stations were established (2009) on two experimental fields. These stations enable 
continuous, real-time measurement of soil and weather parameters all year round. The acquired 
data is used to model the soil-air interface conditions in tillage treatments. The straw degrading fungi 
are isolated from straw pouches, over wintered at experimental fields (depth of 0, 10 and 20 cm). 
Isolated fungi are classified by morphological and molecular methods. The soil fungistasis was 
measured using surface layer method (Boer et al., 1998, New Phytol. 138, 107–116) using F. 
culmorum as model fungi. Soil microbial community structures were described using T-RFLP 
fingerprinting (Liu et al., 1997, Appl. Environ. Microbiol. 63, 4516–4522) and pyrosequencing (Sogin 
et al., 2006, Proc. Natl. Acad. Sci. 103, 2115–2120). The results of this project can promote the 
development of sustainable agricultural management strategies in Nordic conditions by increasing 
the knowledge how tillage impacts on soil microbial communities, straw degradation, fungistasis and 
physical parameters in soil-air interface.  
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Henrik Eckersten*, Anneli Lundkvist, Bengt Torssell and Theo Verwijst, *Swedish University of 
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Sweden; henrik.eckersten@slu.se 

 
The abundance of perennial sow-thistle (Sonchus arvensis L.) has increased in the Nordic countries 
probably due to changed management. To assess the effects on S. arvensis competitive performance 
its radiation and nitrogen (N) acquisition efficiencies, and assimilate allocation were compared with 
spring barley (Hordeum distichon L.) at two N levels in two outdoor box experiments in Uppsala, 
Sweden, in 2006 and 2007. First, shoot radiation use efficiency (RUEShoot) and nitrogen uptake 
efficiency (shoot uptake per soil mineral N per day; UPE) were estimated by calibrating a mechanistic 
model to above ground biomass and N observations (Eckersten et al., 2010, Acta Agric. Scand. Sect. B 
60, 126–135). The RUEShoot was 44% lower whereas UPE was seven times higher in S. arvensis, than in 
barley. For S. arvensis, UPE was higher at the low N level than at high level, while the reverse was 
found for barley. Thereafter, we tested whether the monoculture models could be applied to 
mixtures, assuming that intercepted radiation was partitioned between species proportional to their 
leaf area. The mix-model was applicable to early stages, but underestimated shoot growth of both 
species grown in equal proportions, and overestimated S. arvensis shoot growth during late stages 
(415–765 doC after emergence). We conclude that the growth of mixtures could be simulated as 
function of competition for radiation based on plant properties derived for monocultures, but needs 
additional modules for root/shoot biomass allocation. We also infer that S. arvensis competiveness 
increases at low N supply due to superior N acquisition efficiency compared to barley.  
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Agriculture is facing major environmental challenges due to climate change. Erosion and nutrient 
loading to waterways is increasing, if autumns get wetter and winters milder as predicted. Crop cover 
protects the soil surface reducing the risk of erosion and nutrient leaching. The remaining crop 
residues may, however, hamper agriculture and create optimal conditions for soil and residue born 
crop pathogens. The aim is to develop innovative and feasible agro-environmental technology for 
improvement of environmental sustainability of cultivation methods by increasing soil crop cover 
taking advantage of ecosystem services of soil microbes to suppress crop pathogens as an alternative 
system for chemical control. Studies were conducted at six long term experimental field sites with 
no-till and till treatment plots cultivated mainly with spring cereals. Four automatic continuous 
monitoring stations were established (2009) on two experimental fields. These stations enable 
continuous, real-time measurement of soil and weather parameters all year round. The acquired 
data is used to model the soil-air interface conditions in tillage treatments. The straw degrading fungi 
are isolated from straw pouches, over wintered at experimental fields (depth of 0, 10 and 20 cm). 
Isolated fungi are classified by morphological and molecular methods. The soil fungistasis was 
measured using surface layer method (Boer et al., 1998, New Phytol. 138, 107–116) using F. 
culmorum as model fungi. Soil microbial community structures were described using T-RFLP 
fingerprinting (Liu et al., 1997, Appl. Environ. Microbiol. 63, 4516–4522) and pyrosequencing (Sogin 
et al., 2006, Proc. Natl. Acad. Sci. 103, 2115–2120). The results of this project can promote the 
development of sustainable agricultural management strategies in Nordic conditions by increasing 
the knowledge how tillage impacts on soil microbial communities, straw degradation, fungistasis and 
physical parameters in soil-air interface.  
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CONTROL EFFECTS ON CREEPING THISTLE (CIRIUM ARVENSE (L.) SCOP.) BY 
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Anneli Lundkvist*, Theo Verwijst and Hugo Westlin, *Swedish University of Agricultural Sciences, 
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Weed control of creeping thistle (Cirsium arvense (L.) Scop.) is a great challenge in organic farming. A 
balanced crop rotation is very important but direct weed control methods are often necessary to use. 
A selective mower (Weedcutter), which cuts C. arvense in growing cereals without damaging the 
crop, has been developed in Sweden, and is evaluated in an ongoing research project. The 
hypotheses are that selective weed mowing (i) decreases the ability of the weeds to compete and 
reproduce in a crop, (ii) decreases the long term development of the weed populations, and (iii) 
increases the crop yields. Two field experiments and two outdoor pot experiments have been 
performed 2008–2009 in Sweden. In the field experiments, the effects of selective mowing on C. 
arvense and spring wheat were determined by mowing at two different development stages of C. 
arvense. In pot experiment 1, effects of mowing two years in a row on C. arvense and spring barley 
were studied. In pot experiment 2, effects of different machine settings on spring barley were 
evaluated. Statistical analyses were done by ANOVA and comparisons were made by Student t-test. 
Preliminary results from the pot experiment 1 showed that growth of C. arvense was significantly 
reduced after mowing two years in a row (38–49%, P=0.001) compared with the control. When 
competition from spring barley was added, the reduction was even higher (66–79%, P=0.001). Also 
crop yields were significantly higher after mowing (76–94%, P=0.03) compared with the control. 
Machine settings had strong effects on the crop. A more aggressive setting caused stronger damage 
on the crop at later development stages. In the field experiments, no significant effects were 
obtained on the crop yield due to large amounts of C. arvense. We conclude that selective mowing 
combined with crop competition decreases the abundance of C. arvense. 
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Høgskoleveien 7, N-1432 Ås, Norway; christer.magnusson@bioforsk.no 
 
Some species of plant parasitic nematodes restrict severely the productivity of crops. In Nordic 
countries nematodes are often overlooked as factors explaining crop failure. This neglect may relate 
to a 2/3 reduction of personnel in Nordic nematology which has happened since 1994. The resulting 
decrease in the lecturing and training of students threatens recruitment, scientific development and 
awareness of plant nematodes as parasites. This is serious since damage from nematodes can only 
be reduced by correct management of populations. This will contribute to soil health and a 
sustainable production. Potato cyst nematode (PCN), Globodera spp., is economically the most 
important pest attacking potato. It is difficult to detect in the fields, and 20 years may elapse before 
damage is noticed. The cost for managing PCN is high since management relies on intensive 
monitoring and regulation. PCN is mainly managed by crop rotations with non-hosts crops grown 
between alternating susceptible and resistant potato. Among cereal cyst nematodes (CCN) the most 
common species are Heterodera.avenae and H. filipjevi. Both species have pathotypes differing in 
their host preferences. Under Nordic conditions serious damage seems to appear with about 40-
years intervals. For CCN, correct knowledge of species, pathotype and population density is essential 
in designing crop rotations. Optimal rotations may allow for yield increases of up to 1 t/ha. In Norway 
and Sweden damage from root knot nematodes (RKN), Meloidogyne hapla on vegetables and M. 
naasi on cereals, has been detected more frequently in recent years. RKN have their largest 
importance in continental and southern Europe, and the increase in field damage seen in the Nordic 
area may be a first sign of climate change. It is likely that also damage from other nematodes will 
increase with rising temperatures. Research cooperation between Nordic countries seems urgent to 
meet the future challenges in plant nematology. 
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Weed control of creeping thistle (Cirsium arvense (L.) Scop.) is a great challenge in organic farming. A 
balanced crop rotation is very important but direct weed control methods are often necessary to use. 
A selective mower (Weedcutter), which cuts C. arvense in growing cereals without damaging the 
crop, has been developed in Sweden, and is evaluated in an ongoing research project. The 
hypotheses are that selective weed mowing (i) decreases the ability of the weeds to compete and 
reproduce in a crop, (ii) decreases the long term development of the weed populations, and (iii) 
increases the crop yields. Two field experiments and two outdoor pot experiments have been 
performed 2008–2009 in Sweden. In the field experiments, the effects of selective mowing on C. 
arvense and spring wheat were determined by mowing at two different development stages of C. 
arvense. In pot experiment 1, effects of mowing two years in a row on C. arvense and spring barley 
were studied. In pot experiment 2, effects of different machine settings on spring barley were 
evaluated. Statistical analyses were done by ANOVA and comparisons were made by Student t-test. 
Preliminary results from the pot experiment 1 showed that growth of C. arvense was significantly 
reduced after mowing two years in a row (38–49%, P=0.001) compared with the control. When 
competition from spring barley was added, the reduction was even higher (66–79%, P=0.001). Also 
crop yields were significantly higher after mowing (76–94%, P=0.03) compared with the control. 
Machine settings had strong effects on the crop. A more aggressive setting caused stronger damage 
on the crop at later development stages. In the field experiments, no significant effects were 
obtained on the crop yield due to large amounts of C. arvense. We conclude that selective mowing 
combined with crop competition decreases the abundance of C. arvense. 
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OILSEED RAPE FIELDS IN LATVIA 
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Science, Lielā -2, Jelgava, LV-3001, Latvia; ingrida.grantina@llkc.lv 
 
The production of oilseed rape (Brassica napus L.) has significantly increased in the recent years in 
Latvia. The number of farms cultivating oilseed rape has increased along with the areas – in 2009 and 
2010 the areas under oilseed rape was 100 000 ha. Of these, 60% were used for winter oilseed rape 
cultivation. The harvested average yield was 2.8 t hā¹. In order to increase the yield and quality of 
the harvest, farmers apply cultivation technologies developed in neighbouring countries, where high 
amounts of fertilizers and plant protection products are commonly used. In Latvia, economically 
profitable oilseed rape is cultivated in large fields, using minimal soil tillage and without proper crop 
rotation. Increasing use of plant protection products could have unwanted effects by depleting 
natural habitats and favouring specific species. Observations indicate that the presence of 
Ceuthorrhynchus spp. has increased during the latest years, resulting in increasing pest damage. To 
control this particular pest farmers apply plant protection products as a preventive measure. The aim 
of the study is to determine the distribution of weevils in winter oilseed rape fields and to evaluate 
the efficiency of the applied chemical plant protection methods. Trials have been conducted in 2009 
and 2010 in four commercial winter oilseed rape fields. Insects were trapped in yellow Moerikas type 
water traps. Insecticides with different modes of action (contact - synthetic pyretroid, or systemic 
contact - CNI+pyretroid) were used for pest control. Results from this study will enable development 
of an optimal strategy for pest control with the least possible impact on the environment in Latvian 
climatic conditions. 
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Kreutzwaldi 1, EE-51014 Tartu, Estonia; kadri.just@emu.ee 
 
Begomoviruses are serious pathogens on tomato (Solanum lycopersicum). Although their vector 
Bemisia tabaci is adapted to subtropical/tropical conditions, it is also a pest in greenhouses of 
temperate regions and occurs on imported plants in northern Europe. B. tabaci can acquire virus 
from tomato fruit and subsequently transmit it to healthy tomato plants. A survey in France showed 
that 50% of the imported tomatoes were infected with the begomovirus Tomato yellow leaf curl virus 
(TYLCV) (Delatte et al., 2003, Plant Disease 87, 1297–1300). Nevertheless, there is no monitoring on 
trade tomatoes for begomoviruses. Therefore, imported tomato fruit from southern Europe, Africa 
and the Middle East were sampled in Estonia and Sweden, and tested for infection of begomoviruses 
using FTA® Classic Cards (Whatman), polymerase chain reaction (PCR) and rolling circle amplification 
(RCA). Out of 100 samples tested (58 Estonia; 42 Sweden), 20 were positive (16 Estonia; 4 Sweden). 
Sequence analyses of cloned PCR fragments revealed a high identity to TYLCV. One TYLCV isolate 
each from tomato fruit in Estonia and Sweden was completely sequenced. The Estonian isolate 
showed highest nucleotide sequence identity at 99% to the Israel strain of TYLCV (TYLCV-IL), while 
the Swedish isolate showed highest identity at 97% to the mild strain of TYLCV (TYLCV-Mld). 
Phylogenetic analysis of complete genome sequences confirmed that the Estonian and Swedish 
TYLCV isolates belonged to separate strains. A 1.8-mer construct of the TYLCV-IL[EE] isolate was 
produced and used for inoculation of tomato and Nicotiana benthamiana by agroinfection. 
Inoculations with the full-length clone were also made by gene gun. The inoculation tests confirmed 
the infectivity of TYLCV-IL[EE]. We present the finding of TYLCV-infected tomatoes on the market in 
Northern Europe. Additionally, we report the use of FTA cards as an effective means for collecting, 
extracting and storing begomovirus DNA from tomato fruit for subsequent analyses.  
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The production of oilseed rape (Brassica napus L.) has significantly increased in the recent years in 
Latvia. The number of farms cultivating oilseed rape has increased along with the areas – in 2009 and 
2010 the areas under oilseed rape was 100 000 ha. Of these, 60% were used for winter oilseed rape 
cultivation. The harvested average yield was 2.8 t hā¹. In order to increase the yield and quality of 
the harvest, farmers apply cultivation technologies developed in neighbouring countries, where high 
amounts of fertilizers and plant protection products are commonly used. In Latvia, economically 
profitable oilseed rape is cultivated in large fields, using minimal soil tillage and without proper crop 
rotation. Increasing use of plant protection products could have unwanted effects by depleting 
natural habitats and favouring specific species. Observations indicate that the presence of 
Ceuthorrhynchus spp. has increased during the latest years, resulting in increasing pest damage. To 
control this particular pest farmers apply plant protection products as a preventive measure. The aim 
of the study is to determine the distribution of weevils in winter oilseed rape fields and to evaluate 
the efficiency of the applied chemical plant protection methods. Trials have been conducted in 2009 
and 2010 in four commercial winter oilseed rape fields. Insects were trapped in yellow Moerikas type 
water traps. Insecticides with different modes of action (contact - synthetic pyretroid, or systemic 
contact - CNI+pyretroid) were used for pest control. Results from this study will enable development 
of an optimal strategy for pest control with the least possible impact on the environment in Latvian 
climatic conditions. 
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PLANT PATHOGENIC FUNGAL INTERACTIONS IN OATS 
 

Anna-Karin Kolseth* and Paula Persson, *Swedish University of Agricultural Sciences, Department of 
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Within the genus Fusarium more than fifteen species have been identified associated with cereal 
plant material, and in most cases more than one species are simultaneously present in a sample. 
Some of the species are aggressive plant pathogens causing Fusarium Head Blight, FHB, while other 
species are minor pathogens causing very little or no symptoms. Jointly for the cereal Fusarium 
species is that they produce mycotoxins harmful for both humans and animals. This makes them 
both a quantitative and qualitative problem. To study inter Fusarium species biology and to test the 
hypothesis that the minor cereal pathogen Fusarium langsethiae is dependent on other Fusarium 
spp. for a successful infection of its host a growth chamber experiment was carried out. Two 
different levels of humidity but same temperature were used in order to study development and 
interactions between Fusarium culmorum, Fusarium graminearum and Fusarium langsethiae in oat. 
The different Fusarium species was used singly or in different pare-mixtures and the fungi were 
inoculated on sterile cereal kernels. The fungal inoculum was placed at sowing depth in the pots and 
sampling of plants was performed five times with regular intervals until the plants started its 
yellowing phase. Preliminary analysis of plants at yellowing phase reveals no detectable endophytic 
infection of F. langsethiae suggesting it has an epiphytic life style. Its pattern of infection also 
confirms it being a minor pathogen, since it did not cause early plant death, which, in comparison, 
both F. graminearum and F. culmorum did. Fusarium graminearum and F. culmorum showed 
preference for different dispersal strategies with the former being easily wind dispersed and the 
latter more stationary and soil borne. Analysis is ongoing and further results will be presented and 
discussed. 
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Spring barley is the biggest spring cereal crop In Lithuania, and economically important to many 
growers. Grain yield and quality are often determined by the choice of variety. Usually, disease 
resistance is not a decisive factor for the farmer’s choice, even though varietal resistance is an 
important tool in Integrated Pest Management strategies. Fungicides still play a key role in the 
control of barley diseases. There is a wide range of fungicide options available to growers to manage 
barley diseases. However, for effective control, growers need information about the effectiveness of 
fungicides against the main barley diseases. Powdery mildew (Blumeria graminis) and net blotch 
(Pyrenophora teres) are the most common diseases in spring barely. A severe infection of ramularia 
leaf spots (Ramularia collo-cygni) was recorded during the 2010 season. Two field experiments were 
conducted to evaluate the efficacy of fungicides against net blotch and ramularia leaf spots in 2010 
at Dotnuva site, Lithuania. The experiments were designed to determine the efficacy of different 
fungicides against individual pathogens and a complex of both diseases and to suggest the future net 
blotch and ramularia leaf spots control strategy. Two varieties, Class (susceptible to net blotch) and 
Marte (susceptible to ramularia) were used. A single application was made when the first symptoms 
of net blotch occurred and at BBCH 45–49 in the ramularia trial. Disease severity, grain yield and 
thousand grain weight were recorded. Analysis of variance (ANOVA) was conducted, and clear 
differences in the efficacy of the tested fungicides against net blotch and ramularia leaf spots were 
determined.  
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Within the genus Fusarium more than fifteen species have been identified associated with cereal 
plant material, and in most cases more than one species are simultaneously present in a sample. 
Some of the species are aggressive plant pathogens causing Fusarium Head Blight, FHB, while other 
species are minor pathogens causing very little or no symptoms. Jointly for the cereal Fusarium 
species is that they produce mycotoxins harmful for both humans and animals. This makes them 
both a quantitative and qualitative problem. To study inter Fusarium species biology and to test the 
hypothesis that the minor cereal pathogen Fusarium langsethiae is dependent on other Fusarium 
spp. for a successful infection of its host a growth chamber experiment was carried out. Two 
different levels of humidity but same temperature were used in order to study development and 
interactions between Fusarium culmorum, Fusarium graminearum and Fusarium langsethiae in oat. 
The different Fusarium species was used singly or in different pare-mixtures and the fungi were 
inoculated on sterile cereal kernels. The fungal inoculum was placed at sowing depth in the pots and 
sampling of plants was performed five times with regular intervals until the plants started its 
yellowing phase. Preliminary analysis of plants at yellowing phase reveals no detectable endophytic 
infection of F. langsethiae suggesting it has an epiphytic life style. Its pattern of infection also 
confirms it being a minor pathogen, since it did not cause early plant death, which, in comparison, 
both F. graminearum and F. culmorum did. Fusarium graminearum and F. culmorum showed 
preference for different dispersal strategies with the former being easily wind dispersed and the 
latter more stationary and soil borne. Analysis is ongoing and further results will be presented and 
discussed. 
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Nadeem Shad*, Jim Nygren, Ingrid Eriksson, Debashish Roy, Mehede H.Chowdhury, Anna 
Westerbergh and Anders Kvarnheden, *Department of Plant Biology and Forest Genetics, Uppsala 

BioCenter SLU, P.O. Box 7080, SE-75007 Uppsala, Sweden; nadeem.shad@slu.se 
 
Wheat dwarf virus (WDV; family Geminiviridae; genus Mastrevirus) infects several cereal and grass 
species throughout Europe and Asia and occurs also in Africa. The virus is transmitted in a persistent 
manner by the leafhopper Psammotettix alienus, and infection of susceptible hosts may cause 
symptoms like yellowing, streaking of leaves, and severe stunting or even death. WDV has a 
monopartite genome of single-stranded, circular DNA that encodes four proteins: movement protein 
(MP or V1), coat protein (CP or V2) and two replication-associated proteins (RepA or C1; Rep or 
C1/C2). There are two known WDV strains: one strain mainly found in wheat and another strain in 
barley. In central Sweden, WDV has for the last century appeared regularly in wheat, sometimes 
associated with large yield losses in certain fields. In 2010, wheat plants with possible symptoms of 
WDV infection were for the first time observed in several fields in the most southern part of Sweden 
(county of Skåne). Infection by WDV in symptomatic wheat was confirmed using both ELISA and PCR. 
Sequence analyses of cloned PCR fragments for the complete RepA gene revealed a high nucleotide 
at 99% to the wheat strain of WDV. WDV-positive leafhoppers collected in Skåne were also identified 
by PCR. WDV has previously been present both north of Skåne in central Sweden and further south in 
northern Germany, but our results confirms that the virus now also infects wheat in Skåne. Rolling 
circle amplification (RCA) is presently used to obtain complete WDV genome sequences for further 
studies.  
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Microorganisms and their activities, which depending greatly on soil structure have great impact on 
soil fertility and health status. Concerning that we will introduce the main results of the project 
related Estonian Ministry of Agriculture (Letter of indent No. 3-4-23/152 for 5th years – 2007–2011). 
Usually the normal microflora protects plants against pathogens and prevents harmful micro-
organisms from attaching tissue of plant. Occurring soil micro-organisms are important bacteria and 
fungi in potato cultivation. This is fact that bacteria live in plant roots promotes plant nutrition. Our 
previous research has shown that Paenibacillus Polymyxa Rizobacter fostered a better uptake of 
phosphorus and reduced drought stress. The total number of bacteria in the soil under the preceding 
crops test was greater for pea and barley than for potato. Also we have found an important 
difference the lack between of rape, spring wheat, redclover and potato cultivation. Usually the 
fungal species of molds related biological processes occurring in soil an important role were played. 
The potato experiments were conducted in a pH range of 5.4 to 5.9, so it was an environment 
favorable for the development of soil fungi. Molds need for the development of its 20–21% in soil 
moisture content. Moulds have a well developed filiform and with high spore production. Potato 
disease affecting the security of the mold is the most important genus Alternaria, Helminthosporium, 
Fusarium, etc. Mould count remained at the 2010th in the range of 106 to 2.25 x 0.8 x 106th Barley and 
potato following to pea abundance of soil fungi was greatest. Also we have assessed an economic 
loss related unfavourable soil structure conditions for potato influenced by preceding crops. 
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Wheat dwarf virus (WDV; family Geminiviridae; genus Mastrevirus) infects several cereal and grass 
species throughout Europe and Asia and occurs also in Africa. The virus is transmitted in a persistent 
manner by the leafhopper Psammotettix alienus, and infection of susceptible hosts may cause 
symptoms like yellowing, streaking of leaves, and severe stunting or even death. WDV has a 
monopartite genome of single-stranded, circular DNA that encodes four proteins: movement protein 
(MP or V1), coat protein (CP or V2) and two replication-associated proteins (RepA or C1; Rep or 
C1/C2). There are two known WDV strains: one strain mainly found in wheat and another strain in 
barley. In central Sweden, WDV has for the last century appeared regularly in wheat, sometimes 
associated with large yield losses in certain fields. In 2010, wheat plants with possible symptoms of 
WDV infection were for the first time observed in several fields in the most southern part of Sweden 
(county of Skåne). Infection by WDV in symptomatic wheat was confirmed using both ELISA and PCR. 
Sequence analyses of cloned PCR fragments for the complete RepA gene revealed a high nucleotide 
at 99% to the wheat strain of WDV. WDV-positive leafhoppers collected in Skåne were also identified 
by PCR. WDV has previously been present both north of Skåne in central Sweden and further south in 
northern Germany, but our results confirms that the virus now also infects wheat in Skåne. Rolling 
circle amplification (RCA) is presently used to obtain complete WDV genome sequences for further 
studies.  
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Paula Persson* and Hanna Friberg, *Department of Crop Production Science, SLU, P.O. Box 7043, 
SE-75007 Uppsala, Sweden; paula.persson@slu.se 

 
A variety of Fusarium species are causing problems in European cereal production both as pathogens 
and as mycotoxin producers. In order to develop strategies to control these fungi, we need a better 
understanding of the complex interactions determining their ability to survive, spread, cause disease 
and produce toxins both during the pathogenic and saprotrophic stages of their life cycles. SLU 
together with other European research groups have a series of ongoing research project on Fusarium 
in wheat, maize, oat, and barley: – Fusarium langsethiae, mycotoxin producer non-visible, financed by 
the Swedish Farmers’ Foundation for Agricultural Research (SLF) (with postdoc Anna-Karin Kolseth, 
SLU); – Impact of Climate Change on the interaction of Fusarium species in oats and barley, financed 
by the Nordic Joint Committee for agricultural Research (with Erik Lysǿ, Norway , Päivi Parikka, 
Finland, Ulf Thrane, Denmark); – Cereal leaf microflora in different agricutural producton systems – 
implication for biological control of Fusarium, financed by FORMAS (with Christian Steinberg, INRA-
Dijon, France and PhD student Ida Karlsson, SLU); – Development of plant diseases in future cropping 
systems with maize and winter wheat, financed by the Swedish Farmers’ Foundation for Agricultural 
Research (SLF) (with Dan Funck Jensen, SLU); – Persistence of stem base pathogens on crop residues, 
financed by the Swedish Farmers’ Foundation for Agricultural Research (SLF) (with Dan Funck Jensen, 
SLU); and – Saprotrophic survival of Fusarium graminearum, a collaboration program with Christian 
Steinberg INRA-Dijon (France). The overall focus of our studies is to understand how cropping 
practices can be optimized to limit Fusarium spp., and the problems they cause in cereal production. 
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Anders Jonsson*, Ann-Charlotte Wallenhammar and Christina Dixelius, *University of Agricultural 
Sciences, Department of Soil and Environment, Precision Agriculture and Pedometrics, P.O. Box 234, 

SE-53232 Skara, Sweden; anders.jonsson@slu.se 
 
BioSoM (Biological Soil Mapping) is a thematic research program at the NL-faculty, SLU, aiming to 
give scientific support towards a new service to farmers detecting soil-borne pathogens and advising 
in crop management to optimize production. Soil borne pathogens survive in the soil. The life-time of 
resting spores and resting bodies is often long, ranging from 10 to 20 years. This long duration makes 
it relevant to develop mapping of infestation status. We have pathogens such as club-rot, Sclerotinia  
and Verticillium wilt in Brassica crops, rot root in peas and different root rots in clover and sugar 
beets. New technologies used in Precision Agriculture such as Global Positions System (GPS) and 
Geographic Information Systems (GIS) make it possible to keep track of and present infestations 
levels in a new ways. Detection methods based on DNA–technologies makes it possible to estimate 
infestation levels. The aims of this research program are: to develop and validate PCR-based 
detection methods; samplings methods and routines for presentation of infestation, distribution and 
to correlate them with soil characteristics; to increased knowledge about pathogen biology, forecast 
of effects of pathogens and effect of plant management on pathogens and to initiate implementation 
of integrated soil mapping of pathogens in collaboration with stakeholders. The program is funded by 
the Faculty of Natural Resources and Agricultural Sciences, SLU, the Swedish Farmers Research 
Foundation (SLF) and the SSO, the VL and the SL Research Foundations and commercial stakeholders 
are Eurofins Food & Agro AB, HS Konsult AB, Nordic Beet Research, Findus R&D, Lantmännen SW 
Seed and Scanbi Diagnostics AB. 
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A variety of Fusarium species are causing problems in European cereal production both as pathogens 
and as mycotoxin producers. In order to develop strategies to control these fungi, we need a better 
understanding of the complex interactions determining their ability to survive, spread, cause disease 
and produce toxins both during the pathogenic and saprotrophic stages of their life cycles. SLU 
together with other European research groups have a series of ongoing research project on Fusarium 
in wheat, maize, oat, and barley: – Fusarium langsethiae, mycotoxin producer non-visible, financed by 
the Swedish Farmers’ Foundation for Agricultural Research (SLF) (with postdoc Anna-Karin Kolseth, 
SLU); – Impact of Climate Change on the interaction of Fusarium species in oats and barley, financed 
by the Nordic Joint Committee for agricultural Research (with Erik Lysǿ, Norway , Päivi Parikka, 
Finland, Ulf Thrane, Denmark); – Cereal leaf microflora in different agricutural producton systems – 
implication for biological control of Fusarium, financed by FORMAS (with Christian Steinberg, INRA-
Dijon, France and PhD student Ida Karlsson, SLU); – Development of plant diseases in future cropping 
systems with maize and winter wheat, financed by the Swedish Farmers’ Foundation for Agricultural 
Research (SLF) (with Dan Funck Jensen, SLU); – Persistence of stem base pathogens on crop residues, 
financed by the Swedish Farmers’ Foundation for Agricultural Research (SLF) (with Dan Funck Jensen, 
SLU); and – Saprotrophic survival of Fusarium graminearum, a collaboration program with Christian 
Steinberg INRA-Dijon (France). The overall focus of our studies is to understand how cropping 
practices can be optimized to limit Fusarium spp., and the problems they cause in cereal production. 
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Duchovskis, *Institute of Horticulture, Lithuanian Research Centre of Agricultural and Forestry 
Sciences, Kaunas str. 30, LT-54333 Babtai, Kaunas distr., Lithuania; g.samuoliene@lsdi.lt 

 
The aim was to evaluate the effect of supplemental short-term solid-state lighting (LED) on 
nutritional and antioxidant properties of baby leaf lettuce (Lactuca sativa L.). The object – red leaf 
‘Multired 4’, green leaf ‘Multigreen 3’ and light green leaf ‘Multiblond 2’ lettuce. Cultivation of 
lettuces was carried out in greenhouse under high-pressure sodium lamps (16-h) for the whole 
growing period (November, 2010). Three days before harvesting, lighting from red 638-nm LEDs was 
applied (16-h), the net photosynthetically active flux density was ~300 µmol m–2 s–1, air temperature 
16–18 and 8–12 °C at day and night time, and relative air humidity 75–85%. The content of nitrates 
was measured potentiometrically in dry weight of lettuce (Geniatakis et al., 2003, Comm. Soil Sci. 
Plant Anal. 34, 571–579). Using specrtophotometric methods further contents in wet weight of 
plants were evaluated: vitaminmin C (Janghel et al., 2007, Talanta 72, 1013–1016); total phenolic 
compounds and free-radical scavenging activity (Ragane et al., 2006, Food Chem. 95, 32–38); total 
anthocyanins (Stanciu et al., 2009, Ovidijus Univ. Anal. Chem. 20, 205–208). Such a pre-harvest 
treatment remarkably reduced content of nitrates in red and green leaf lettuce to 56.2% (P=0.0013) 
and 20.0% (P=0.0004) respectively. But after LED treatment in ‘Multiblond 2’ the content of nitrate 
increased 6 times (P=0.0001). The LED treatment lead to an increased contents of total phenolic 
compounds (52.7%, P=0.000002; 14.5%, P=0.029) and increased free-radical scavenging activity 
(2.7%, P=0.011; 16.4%, P=0.001) in ‘Multired 4’ and “Multiblond 2’ respectively. However, 
‘Multigreen 3’ showed statistically unreliable decrease of total phenols and free-radical scavenging 
activity. The significant increase of vitamin C after LED treatment was observed only in ‘Multired 4’ 
(63.3%, P=0.000003). The variation of total anthocyanin content was statistically unreliable. Thus it 
was found that the effect of supplementary red light was variety dependent.  
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Sirtautas, Algirdas Novičkovas, Sandra Sakalauskienė and Jurga Sakalauskaitė, *Institute of 
Horticulture, Lithuanian Centre of Agricultural and Forestry Sciences, Kauno str. 30, LT-54333 Babtai, 
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The objective of our studies was to investigate cultivation of greenhouse tomato transplants under 
short-wavelength single-monochromatic solid-state lamps developed for supplementation of high-
pressure sodium (HPS) lamps used in greenhouses. Four types of lamps with peak emissions at 455 
nm, 470 nm, 505 nm, and 530 nm were made and installed in a greenhouse. Transplants of tomato 
hybrids ‘Cunero’ F1 and ‘Magnus’ F1 were used for investigations. Measurements of growth 
parameters and photosynthetic pigments (Wettstein, 1957, Experimental Cell Research 12, 427–432) 
were evaluated at the end of the experiment. Statistical analysis was done by STATISTICA versus 7.0 
for Windows. Statistical differences between measurements on the different illumination were also 
analysed following the Student’s t-test. Our investigations revealed that supplemental 455, 470 and 
505 nm LEDs illumination increased leaf area of ‘Magnus’ F1 (64%, P=0.000; 33%, P=0.001; 34%, 
P=0.0002 respectively) and ‘Cunero’ F1 (18%, P=0.015; 13%, P=0.073; 16%, P=0.046; repectively), 
fresh weight of ‘Magnus’ F1 (71%, P=0.000; 33%, P=0.0002, 33%, P=0.0003 respectively) and ‘Cunero’ 
F1 (16%, P=0.065; 16% P=0.039; 9%, P=0.176 repectively) and dry weight of ‘Magnus’ F1 (65%, 
P=0.0002; 31% P=0.0004, 29% P=0.0009 respectively). Supplemental 530 nm LED illumination had no 
significant effect on growth parameters of tomato transplants. Supplemental 455, 470 and 505 nm 
LEDs illumination with HPS lamps increased total chlorophyll content in leaves of ‘Magnus’ F1 37.6% 
(P=0.024), 37.2% (P=0.032) and 45.0% (P=0.032) respectively. Contrary trend was determined in 
tomato hybrids ‘Cunero’ F1. All supplemental LEDs illumination had negative effect on total 
chlorophyll content, but mostly 505 nm – even 25% (P=0.017). We concluded that the effect of 
supplementary blue and green light was found to be hybrid dependent. Most positive effect of 
supplemental LEDs illumination was determined on tomato hybrid ‘Magnus’ F1. Generally, 
supplemental blue 455 nm LEDs illumination was more suitable for growth of tomato hybrids 
transplants.  
 
  

 

200 24th NJF Congress and 2nd NFS Conference 2011 

Poster session Abstract no. C55 
 
 

THE EFFECT OF SUPPLEMENTARY RED-LED LIGHTING ON QUALITY OF 
GREENHOUSE LETTUCE 

 
Aušra Brazaitytė, Giedrė Samuolienė*, Ramūnas Sirtautas, Algirdas Novičkovas and Pavelas 

Duchovskis, *Institute of Horticulture, Lithuanian Research Centre of Agricultural and Forestry 
Sciences, Kaunas str. 30, LT-54333 Babtai, Kaunas distr., Lithuania; g.samuoliene@lsdi.lt 

 
The aim was to evaluate the effect of supplemental short-term solid-state lighting (LED) on 
nutritional and antioxidant properties of baby leaf lettuce (Lactuca sativa L.). The object – red leaf 
‘Multired 4’, green leaf ‘Multigreen 3’ and light green leaf ‘Multiblond 2’ lettuce. Cultivation of 
lettuces was carried out in greenhouse under high-pressure sodium lamps (16-h) for the whole 
growing period (November, 2010). Three days before harvesting, lighting from red 638-nm LEDs was 
applied (16-h), the net photosynthetically active flux density was ~300 µmol m–2 s–1, air temperature 
16–18 and 8–12 °C at day and night time, and relative air humidity 75–85%. The content of nitrates 
was measured potentiometrically in dry weight of lettuce (Geniatakis et al., 2003, Comm. Soil Sci. 
Plant Anal. 34, 571–579). Using specrtophotometric methods further contents in wet weight of 
plants were evaluated: vitaminmin C (Janghel et al., 2007, Talanta 72, 1013–1016); total phenolic 
compounds and free-radical scavenging activity (Ragane et al., 2006, Food Chem. 95, 32–38); total 
anthocyanins (Stanciu et al., 2009, Ovidijus Univ. Anal. Chem. 20, 205–208). Such a pre-harvest 
treatment remarkably reduced content of nitrates in red and green leaf lettuce to 56.2% (P=0.0013) 
and 20.0% (P=0.0004) respectively. But after LED treatment in ‘Multiblond 2’ the content of nitrate 
increased 6 times (P=0.0001). The LED treatment lead to an increased contents of total phenolic 
compounds (52.7%, P=0.000002; 14.5%, P=0.029) and increased free-radical scavenging activity 
(2.7%, P=0.011; 16.4%, P=0.001) in ‘Multired 4’ and “Multiblond 2’ respectively. However, 
‘Multigreen 3’ showed statistically unreliable decrease of total phenols and free-radical scavenging 
activity. The significant increase of vitamin C after LED treatment was observed only in ‘Multired 4’ 
(63.3%, P=0.000003). The variation of total anthocyanin content was statistically unreliable. Thus it 
was found that the effect of supplementary red light was variety dependent.  
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The study, conducted at the Institute of Agriculture during 2008–2010, was aimed to examine cereal 
and grass biomass formation and nitrate concentrations in drainage water. In the experimental site 
in Valinava, central Lithuania, 6 drainage systems (constructed in 1991) were employed. Four 
drainage systems contained the arable crop rotation spread in space: winter wheat, spring rape, 
spring barley and red clover. Two systems were converted from arable crop rotation to grass ley in 
2007. The study design comprised 1) two crops, winter wheat and spring barley, of arable crop 
rotation a) applied with N rates calculated for target yield and b) without N; and 2) cocksfoot 
(Dactylis glomerata L.) grown without N application. Each crop/treatment was repeated twice in 
space, occupied approximately 790 m2 and contained 6 sub-plots 44 m2 size. Biomass, C and N 
contents were measured periodically in wheat and barley, and in grasses before each cut. The 
discharge of drainage water was measured continuously and samples for nitrate content were 
collected twice per month when discharge occurred. The weather conditions during the study period 
were contrasting: shortage of rainfall and ground water table level below 2.5 m in 2008 and, in contrast, 
surplus of moisture in the second half of summer in 2009. Nitrate concentration in drainage water 
under arable crops applied with N fertilizers was by 20–25% higher than in unfertilized, and markedly 
higher than that under permanent grasses. N-applied wheat and barley produced on average 22–
35% higher grain and biomass yield than without N, however, significant interaction between years 
and management was found (P<0.01). Without N fertilization, cocksfoot produced up to 6 t ha-1 of 
dry biomass with a significant reduction of nitrate concentration in drainage water. Grasses can be 
regarded as a temporary measure to reduce nitrate levels in drainage water in arable soils.  
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Sustainable agriculture and energy crops are associated with various energy efficiency by different 
crops. The aim of the work is to establish energy-efficiency of long-term experimental field 
“Sidrabini” at the Research Institute of agriculture of Latvia University of agriculture. The crop 
rotation of winter triticale, spring wheat, spring barley, spring oilseed rape and potato was tested on 
the influence of increasing fertilizer rates during 1994 – 2008. Four fertilizer doses were tested: NPK 
0-0-0, NPK 45-30-45, NPK 90-60-90 and NPK 135-90-135, the number of replications – 4. The size of 
plot was - 180 m2, the size of accounting was area – 23.4 m2. Energy-efficiency calculated using 
methodology developed by the Moscow Timirjazev Russian State Agrarian University (Методология 
и методика энергетической оценки агротехнологий в агроландшафтах (2007) Российский 
государственный аграрный университет - МСХА имени К. А. Тимирязева. Москва. 21с). The data 
statistical analysis was performed using single- and two- factor ANOVA. Research results show that 
the spring rape used 32 GJ ha-1, cereals consumed 30 -35 GJ ha-1 and potatoes - 66.5 GJ ha-1 of 
energy, but the yields were obtained 42 GJ ha-1 from oilseed rape, 46–63 GJ ha-1 by cereals and 119 
GJ ha-1 from potatoes. Energy efficiency ratio was 1.3 for spring rape, 1.5–1.8 for cereals and 
potatoes - 1.8. Energy efficiency ratio without use of fertilizers in crop rotation of five fields was 1.02. 
The energy efficiency using fertilizer rates NPK 45-30-45 were 1.63, NPK 90-60-90 -1.62 and by 
adding NPK 135-90-135 -1.60. We conclude that the highest energy efficiency was obtained by 
growing triticale and potato, but lowest - growing spring oilseed rape. Growing crop without 
fertilizer, energy expenditure was equal to the energy accumulated in the yield (energy efficiency 
ratio 1.0), but using fertilizers, regardless of the fertilizer rate, the energy efficiency ratio was 1.6.  
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The study, conducted at the Institute of Agriculture during 2008–2010, was aimed to examine cereal 
and grass biomass formation and nitrate concentrations in drainage water. In the experimental site 
in Valinava, central Lithuania, 6 drainage systems (constructed in 1991) were employed. Four 
drainage systems contained the arable crop rotation spread in space: winter wheat, spring rape, 
spring barley and red clover. Two systems were converted from arable crop rotation to grass ley in 
2007. The study design comprised 1) two crops, winter wheat and spring barley, of arable crop 
rotation a) applied with N rates calculated for target yield and b) without N; and 2) cocksfoot 
(Dactylis glomerata L.) grown without N application. Each crop/treatment was repeated twice in 
space, occupied approximately 790 m2 and contained 6 sub-plots 44 m2 size. Biomass, C and N 
contents were measured periodically in wheat and barley, and in grasses before each cut. The 
discharge of drainage water was measured continuously and samples for nitrate content were 
collected twice per month when discharge occurred. The weather conditions during the study period 
were contrasting: shortage of rainfall and ground water table level below 2.5 m in 2008 and, in contrast, 
surplus of moisture in the second half of summer in 2009. Nitrate concentration in drainage water 
under arable crops applied with N fertilizers was by 20–25% higher than in unfertilized, and markedly 
higher than that under permanent grasses. N-applied wheat and barley produced on average 22–
35% higher grain and biomass yield than without N, however, significant interaction between years 
and management was found (P<0.01). Without N fertilization, cocksfoot produced up to 6 t ha-1 of 
dry biomass with a significant reduction of nitrate concentration in drainage water. Grasses can be 
regarded as a temporary measure to reduce nitrate levels in drainage water in arable soils.  
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Wheat is an important cereal crop of Nordic region and it is used for food, feed and also for fuel 
production. Bread-making is an outmost character of wheat flour, influenced by storage proteins i.e. 
Gluten. The percentage of sodium dodecyl sulphate (SDS)-unextracted polymeric proteins in total 
polymeric proteins (%UPP), as one of the important factors determining bread-making quality, is 
largely influenced by the individual and interactive effect of genetical background and environmental 
conditions. The present study aimed at investigating the interactive influence of genetical i.e. length 
of grain maturation period (GMP), and environmental factors i.e. nitrogen and temperature, on 
%UPP in different wheat cultivars. Four spring wheat cultivars were grown in green house. Two of 
them were early maturing while the other two were late maturing. Four nitrogen regimes and two 
different temperature levels were used. Wheat plants were grown in pots, three plants in each, in 
the greenhouse. A total of 56 pots of each cultivar were sown. SE-HPLC was used to determine the 
amount and size distribution of polymeric proteins (ASPP). For SE-HPLC analysis at least three 
replicates of each sample were analyzed. Statistical package (SAS) was used for statistical analysis 
and evaluation of data. The significant differences for %UPP in different cultivars found at maturity 
have started early during GMP e.g. around 12 days after anthesis. Influences of cultivars on %UPP 
was found early during the GMP while influences of temperature and nitrogen regime were seen 
much later during the GMP. The results will help in understanding the relationship between quality 
parameters of wheat flour and how these are influenced by different environmental and genetical 
factors. The results will also help in breeding the cultivars with desired %UPP in relation to their GMP 
and time to anthesis. 
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HEAVY METALS CONTENT IN BARLEY’S GRAIN INFLUENCED BY WASTE WATER 
SLUDGE AFTER EFFECT 

 
Maarika Alaru*, Liia Kukk, Ruth Lauk and Merrit Noormets, *Estonian University of Life Sciences, 
Department of Field Crop and Grassland Husbandry, Fr.R. Kreutzwaldi 5, EE-51014 Tartu, Estonia; 

maarika.alaru@emu.ee 
 
To investigate the after effect of waste water sludge and different energy plants (hemp cv 
Chameleon and Santhica and sunflower cv Wielkopolski) on barley’s grain yield and its heavy metals 
content (Cd, Cr, Ni, Pb, Zn, Cu) a long-term field trial was established in 2008 at the Institute of 
Agricultural and Environmental Sciences of Estonian University of Life Sciences, near Tartu (58° 23´N, 
26° 44´E), Estonia, on Stagnic Luvisol (WRB 1998 classification) soil (sandy loam surface texture, C 
1.12%, and N 0.12%., pHKCl 5.6). The waste water sludge from Tartu (100 kg N ha-1) was applied in 
2009 to energy plants, barley cv Leeni was sown in 2010. The amounts of different heavy metals 
applied with waste water sludge were: Cd 0.013, Cr 1.03, Cu 3.36, Ni 0.29, Pb 0.47 and Zn 11.42 kg 
ha-1. N0 treatment was as a control. The experiment was performed in a randomized complete block 
design with four replications, plot size 15 m2. The trial data were processed using correlation and 
variance analyses (ANOVA) and descriptive statistics. The effect of waste water sludge on soil bulk 
density was negative in 2009, the soil bulk density increased then 0.22–0.28 g cm-3, but in next year 
by waste water sludge after effect the soil bulk density was comparable with control treatment. 
Barley’s grain yield increased by waste water sludge after effect 27–53%, energy plants after-effect 
was insignificant. In comparison with control treatment the heavy metals content in barley’s stems 
was smaller in treatments, where waste water sludge was used in last year. The heavy metals 
content in barley’s grain increased for Pb, Zn and Cu by waste water sludge after effect (the increase 
for Zn was significant, r=0.89; P<0.05), whereby Cu content by waste water sludge and sunflower 
concurrence exceeded the permitted norms 1.7 times.  
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INFLUENCE OF COMBINATIONS OF GENETIC AND ENVIRONMENTAL FACTORS 
ON BREAD-MAKING QUALITY OF FOUR NORDIC WHEAT CULTIVARS 

 
Ali Hafeez Malik*, Abrar Hussain and Eva Johansson, *Swedish University of Agricultural Sciences, 
Department of Agriculture-Faming System, Technology and Product Quality, Faculty of Landscape 

Planning, SE-23053 Alnarp, Sweden; ali.malik@slu.se 
 
Wheat is an important cereal crop of Nordic region and it is used for food, feed and also for fuel 
production. Bread-making is an outmost character of wheat flour, influenced by storage proteins i.e. 
Gluten. The percentage of sodium dodecyl sulphate (SDS)-unextracted polymeric proteins in total 
polymeric proteins (%UPP), as one of the important factors determining bread-making quality, is 
largely influenced by the individual and interactive effect of genetical background and environmental 
conditions. The present study aimed at investigating the interactive influence of genetical i.e. length 
of grain maturation period (GMP), and environmental factors i.e. nitrogen and temperature, on 
%UPP in different wheat cultivars. Four spring wheat cultivars were grown in green house. Two of 
them were early maturing while the other two were late maturing. Four nitrogen regimes and two 
different temperature levels were used. Wheat plants were grown in pots, three plants in each, in 
the greenhouse. A total of 56 pots of each cultivar were sown. SE-HPLC was used to determine the 
amount and size distribution of polymeric proteins (ASPP). For SE-HPLC analysis at least three 
replicates of each sample were analyzed. Statistical package (SAS) was used for statistical analysis 
and evaluation of data. The significant differences for %UPP in different cultivars found at maturity 
have started early during GMP e.g. around 12 days after anthesis. Influences of cultivars on %UPP 
was found early during the GMP while influences of temperature and nitrogen regime were seen 
much later during the GMP. The results will help in understanding the relationship between quality 
parameters of wheat flour and how these are influenced by different environmental and genetical 
factors. The results will also help in breeding the cultivars with desired %UPP in relation to their GMP 
and time to anthesis. 
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NUTRIENT REQUIREMENT STUDIES FOR APPLE TREES ON DWARF 
ROOTSTOCKS 

 
Valentina Surikova* and Aldis Karklins, *Latvia University of Agriculture, Institute of Soil and Plant 

Sciences, Liela iela 2, Jelgava, LV-3001, Latvia; valentina.surikova@lvai.lv 
 
In order to update the current fertiliser recommendations for intensive-type apple tree orchards, a 
field experiment was carried out at the Latvia State Institute of Fruit Growing, Dobele, in 2008–2010. 
An orchard was established in 1997 using cultivar ‘Melba’ on rootstock B9 (planting pattern 1.5 × 4 
m). The experiment was established in three variations: (1) tree strips were kept free from grass 
using herbicides; (2) strips were covered with sawdust mulch; and (3) drip irrigation was applied. Soil 
– Pisocalcic Cutanic Luvisol (Hypereutric, Hyposkeletic, Clayic); loam – clay loam. The balance method 
for NPK turnover in different parts of apple trees was used including accounting of the biomass and 
NPK amount in different parts of trees (trunk, annual shoots, biennial and perennial branches, roots, 
and leaves), as well as the harvested yield. Additionally, also grass biomass and chemical composition 
(in the case of drip irrigation) were considered as apple-trees competitors for water and plant 
nutrients. On average, the accumulation of nutrients in the trunks of 13-year-old trees made 18.5–
37.8 g of N, 4.7–9.6 g of P2O5, and 13.6–24.4 g of K2O per tree, in the roots – 18.4–21.4 g of N, 9.1–
11.4 g of P2O5, and 12.0–18.3 g of K2O per tree. This part of nutrients should be removed from the 
orchard after finishing the production cycle. The content of nutrients in annual shoots was: 1.2–1.6 g 
of N, 0.5–0.8 g of P2O5, and 1.0–1.2 g of K2O, in biennial branches – 3.5–7.1 g of N, 1.2–2.9 g of P2O5, 
and 2.3–5.1 g of K2O, but in older branches – 2.9–4.0 g of N, 1.0–1.5 g of P2O5, and 2.1–2.7 g of K2O. 
Annually, these parts of trees (as well as nutrients) only partly (about 10 up to 30%) left the orchard 
as a result of maintenance cuttings. Each autumn, 9.2–16 g of N, 2.9–6.4 g of P2O5, and 9.3–17.8 g of 
K2O fell down on the soil surface in the form of old leaves – about 15% of them were blown away 
from the production area in the winter time but the rest were recycled via transformations of organic 
residues. And, finally, about 6.9–7.9 g of N, 3.2–4.2 g of P2O5, and 17.3–22.8 g of K2O were removed 
from the orchard by the yield annually. NPK balance calculation gives possibility of developing the 
model for plant nutrient requirement as well as to work out methods for plant nutrient supply. 
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WINTER TURNIP RAPE: A POTENTIAL N CATCH CROP 
 

Antti Tuulos*, Frederick Stoddard, Markku Yli-Halla and Pirjo Mäkelä, *University of Helsinki, 
Department of Agricultural Sciences, P.O. Box 27, FI-00014 Helsinki, Finland; antti.tuulos@helsinki.fi 

 
Due to increased concern over watershed eutrofication and the volatility of fertilizer prices in the 
market, more efficient utilization of fertilizer N is required in agriculture. One approach to the 
improvement of N utilization is to use catch crops between growing seasons. Suitable catch crops can 
scavenge leftover nutrients from the soil during autumn and thus prevent the leaching of nitrate. 
These catch crops can be left to produce yield during the next growing season, or they can be 
incorporated to the soil in the following spring as a fertilizer for a spring sown crop. Several 
cruciferous winter crops are known to be efficient catch crops due to their rapid autumn growth and 
large tap root, which can penetrate to deeper soil layers than shallow-rooted grass crops. Crucifers 
are also better suited to use as a green manure, since they do not tend to immobilize N as strongly as 
grasses. Winter turnip rape rape [Brassica rapa L. ssp oleifera (DC.) Metzg.] is a cruciferous oilseed 
adapted to cold climate. The N scavenging ability of winter turnip rape was investigated in a field 
experiment in 2009 and 2010 at the Viikki Experimental Farm (University of Helsinki, Finland). The 
experiment was arranged in a randomized complete block design with four replicates. Winter turnip 
rape was seeded at two different times: 1) in May with barley and 2) in July after barley harvest. Pure 
stands of barley, either untouched stubble or ploughed in autumn, were left for comparison. Soil 
samples were collected from topsoil and subsoil in August after barley harvest, in October before soil 
freezing and after winter in April. NH4, NO2 and NO3 were extracted with 2 M KCl. Total N content of 
soil extracts were then determined with an automated ion analyzer. It seems that winter turnip rape 
can efficiently utilize the residual N. 
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Valentina Surikova* and Aldis Karklins, *Latvia University of Agriculture, Institute of Soil and Plant 

Sciences, Liela iela 2, Jelgava, LV-3001, Latvia; valentina.surikova@lvai.lv 
 
In order to update the current fertiliser recommendations for intensive-type apple tree orchards, a 
field experiment was carried out at the Latvia State Institute of Fruit Growing, Dobele, in 2008–2010. 
An orchard was established in 1997 using cultivar ‘Melba’ on rootstock B9 (planting pattern 1.5 × 4 
m). The experiment was established in three variations: (1) tree strips were kept free from grass 
using herbicides; (2) strips were covered with sawdust mulch; and (3) drip irrigation was applied. Soil 
– Pisocalcic Cutanic Luvisol (Hypereutric, Hyposkeletic, Clayic); loam – clay loam. The balance method 
for NPK turnover in different parts of apple trees was used including accounting of the biomass and 
NPK amount in different parts of trees (trunk, annual shoots, biennial and perennial branches, roots, 
and leaves), as well as the harvested yield. Additionally, also grass biomass and chemical composition 
(in the case of drip irrigation) were considered as apple-trees competitors for water and plant 
nutrients. On average, the accumulation of nutrients in the trunks of 13-year-old trees made 18.5–
37.8 g of N, 4.7–9.6 g of P2O5, and 13.6–24.4 g of K2O per tree, in the roots – 18.4–21.4 g of N, 9.1–
11.4 g of P2O5, and 12.0–18.3 g of K2O per tree. This part of nutrients should be removed from the 
orchard after finishing the production cycle. The content of nutrients in annual shoots was: 1.2–1.6 g 
of N, 0.5–0.8 g of P2O5, and 1.0–1.2 g of K2O, in biennial branches – 3.5–7.1 g of N, 1.2–2.9 g of P2O5, 
and 2.3–5.1 g of K2O, but in older branches – 2.9–4.0 g of N, 1.0–1.5 g of P2O5, and 2.1–2.7 g of K2O. 
Annually, these parts of trees (as well as nutrients) only partly (about 10 up to 30%) left the orchard 
as a result of maintenance cuttings. Each autumn, 9.2–16 g of N, 2.9–6.4 g of P2O5, and 9.3–17.8 g of 
K2O fell down on the soil surface in the form of old leaves – about 15% of them were blown away 
from the production area in the winter time but the rest were recycled via transformations of organic 
residues. And, finally, about 6.9–7.9 g of N, 3.2–4.2 g of P2O5, and 17.3–22.8 g of K2O were removed 
from the orchard by the yield annually. NPK balance calculation gives possibility of developing the 
model for plant nutrient requirement as well as to work out methods for plant nutrient supply. 
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THE EFFECT OF RESTRICTION OF VOLUME OF GROWING MEDIUM ON THE 
LEVEL OF TIPBURN IN CHERVIL AND LEAF LETTUCE 

 
Margit Olle, Jogeva Plant Breeding Institute, Aamisepa 1 Jõgeva alevik, EE-48309 Jögeva, Estonia; 

margit.olle@jpbi.ee 
 
The objective here was to examine the effect of restriction of growing medium volume on the level 
of tipburn and calcium uptake in chervil and leaf lettuce. Analyses of variance were carried out on 
the data obtained using Minitab for Windows. Experiments with chervil: The plants were grown in 
different sizes of rock wool cubes: a. 4 x 2.8 x 2.8 cm = 31 cm3, b. 4 x 4 x 4 cm = 64 cm3, c. 4 x 5.8 x 5.8 
cm = 135 cm3. The nutrient solution had an electrical conductivity (EC) of 2 mS cm-1. One drip emitter 
was placed in each rock wool cube. The trial design was a randomised complete block with three 
replicates. The experiment was repeated twice. Growing chervil plants in small cubes caused 
inhibition of fresh weight (P=0.032). Reduction of rock wool cube size increased the incidence of 
tipburned leaves on plants (P<0.001). The incidence of tipburned leaves decreased by increasing the 
size of cubes. Restriction of rock wool cube size reduced Ca content in young (P=0.041) and old 
(P=0.028) leaves. Experiments with leaf lettuce: Plants were grown in different sizes of pots: 12 cm 
pots with capacity of 600 cm3 and 8 cm pots with capacity of 250 cm3. The basic nutrient solution had 

an electrical conductivity 2 mS cm-1. The illumination in greenhouses at plant level was 242 µmol 
m-2s-1 from high pressure mercury (HPI/T) lamps. The trial design was a randomised complete block 
with three replicates. The experiment was repeated twice. Restriction of pot volume caused 
decreased weight (P<0.001) and height (P=0.027) of plants. The incidence of tipburned leaves 
increased by decreasing pot size (P=0.034). Restriction of pot volume reduced chlorophyll (P<0.001) 
and Ca content (P=0.013) in young leaf lettuce leaves. Optimal size of rock wool cubes for chervil 
plants in present investigation was 135 cm3. The optimal pot volume for leaf lettuce plants was 600 
cm3. The plants grown in those kinds of conditions had reduced amount of tipburned leaves.  
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RADIATION-INDUCED MUTATIONS FOR DEVELOPING FOOD, FEED, AND BIO-
ENERGY CROPS 

 
S. Mohan Jain, University of Helsinki, Department of Agricultural Sciences, PL-27, Helsinki, Finland; 

mohan.jain@helsinki.fi 
 
Fossil energy (FE) keeps the normal functioning of all walks of life worldwide. The gradual surge in FE 
consumption is a cause of concern. The rapid industrialization in China and India has increased 
consumption of FE due to rise in the purchasing power of the consumers; caused big holes in the 
world economy, increase in air pollution, and depletion of ozone layer. These factors are influencing 
the climatic conditions including the global warming. By rise in global temperature even by 1oC would 
result in appearance of new pests and diseases, disappearance of existing ones, and water shortages. 
The depletion of ozone layer would increase ultra violet-B radiation on earth to create health hazards 
and decrease photosynthesis rate resulting in poor plant productivity. The renewable energy is the 
alternative source to FE, which can be termed as green energy or bio-energy or plant-based energy. 
Bio-fuel (Bio-ethanol, bio-diesel) is being mixed with FE. Brazil is the world leader in bio-ethanol 
production from sugarcane. The Europeans are using vegetable oil, e.g. Brassica for bio-diesel 
production. However, food crops should be avoided for bio-energy production and prevent price rise 
of food and other commodities, and rather select crops for food, feed and bio-energy – three in one. 
Bio-energy crops are being used include cassava, forest trees, sugarcane, date palm, jatropha, oil 
palm, sweet sorghum, corn, and soybean. Gamma radiation and biotechnology are ideal to develop 
mutant crops to serve as three in one, e.g. sweet sorghum from China has 20% high sugars; small 
starch grain cassava, date palm and others. A blend of bio-ethanol and petrol would provide extra 
income to the farmers for food and feed and reduce air pollution. 
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THE EFFECT OF RESTRICTION OF VOLUME OF GROWING MEDIUM ON THE 
LEVEL OF TIPBURN IN CHERVIL AND LEAF LETTUCE 

 
Margit Olle, Jogeva Plant Breeding Institute, Aamisepa 1 Jõgeva alevik, EE-48309 Jögeva, Estonia; 

margit.olle@jpbi.ee 
 
The objective here was to examine the effect of restriction of growing medium volume on the level 
of tipburn and calcium uptake in chervil and leaf lettuce. Analyses of variance were carried out on 
the data obtained using Minitab for Windows. Experiments with chervil: The plants were grown in 
different sizes of rock wool cubes: a. 4 x 2.8 x 2.8 cm = 31 cm3, b. 4 x 4 x 4 cm = 64 cm3, c. 4 x 5.8 x 5.8 
cm = 135 cm3. The nutrient solution had an electrical conductivity (EC) of 2 mS cm-1. One drip emitter 
was placed in each rock wool cube. The trial design was a randomised complete block with three 
replicates. The experiment was repeated twice. Growing chervil plants in small cubes caused 
inhibition of fresh weight (P=0.032). Reduction of rock wool cube size increased the incidence of 
tipburned leaves on plants (P<0.001). The incidence of tipburned leaves decreased by increasing the 
size of cubes. Restriction of rock wool cube size reduced Ca content in young (P=0.041) and old 
(P=0.028) leaves. Experiments with leaf lettuce: Plants were grown in different sizes of pots: 12 cm 
pots with capacity of 600 cm3 and 8 cm pots with capacity of 250 cm3. The basic nutrient solution had 

an electrical conductivity 2 mS cm-1. The illumination in greenhouses at plant level was 242 µmol 
m-2s-1 from high pressure mercury (HPI/T) lamps. The trial design was a randomised complete block 
with three replicates. The experiment was repeated twice. Restriction of pot volume caused 
decreased weight (P<0.001) and height (P=0.027) of plants. The incidence of tipburned leaves 
increased by decreasing pot size (P=0.034). Restriction of pot volume reduced chlorophyll (P<0.001) 
and Ca content (P=0.013) in young leaf lettuce leaves. Optimal size of rock wool cubes for chervil 
plants in present investigation was 135 cm3. The optimal pot volume for leaf lettuce plants was 600 
cm3. The plants grown in those kinds of conditions had reduced amount of tipburned leaves.  
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EVALUATION OF DIFFERENT PEA/CEREAL MIXTURES 
 

Skaidrite Bumane*, Maija Vitjazkova and Aina Kokare, *State Priekuli Plant Breeding Institute, 
Department of Plant Breeding, Zinatnes Str. 1a, Priekuli, LV-4126, Latvia; skbumane@inbox.lv 

 
Pea has been a traditional legume for 2–3 centuries in Latvia. More than half of the cultivars used are 
purple-blossomed. These cultivars are grown in mixtures with cereals for animal feed and green 
forage. Pea breeding is carried out at the State Priekuli Plant Breeding Institute in Latvia. The aim of 
this study was to find out the best cereal component for pea cultivars, to compare seed yields and 
protein content in different mixtures. Six cultivars of pea were tested for growing in mixtures for 
seed. ‘Vitra’ and ‘Retrija’ have brown-marled seeds, ‘Zaiga’ – green, ‘Lasma’ – yellow, but ‘Selga’– 
grey-yellow seeds. A field trial was conducted in 2009 – 2010 in Priekuli on a sod-podzolic soil, silt 
loam with organic matter content 1.7%, pHKCl – 5.8–6.1, P2O5 – 80–100 mg kg-1, K2O – 100–120 mg kg-

1. Fertilizer treatment: NPK 6-26-30 – 200 kg ha-1. The trial was established on 20 m2 plots in three 
replications using a randomized block design. Seeding rate: in pure sowing – 100 seeds/m2, 
pea/barley mixture – 35/200 seeds/m2, pea/oat mixture – 35/200 seeds/m2. The seed yield of pea 
was expressed at 100% purity and 14% standard moisture, crude protein (CP) was determined by 
Infratec grain analyzer. The results were analyzed using two–factor analysis of variance (ANOVA) at 
significance level P<0.05. The seed yield of pea varied from 4.0 to 5.3 t ha-1, seed protein content was 
within 22 to 26%. Late and long stem cultivars ‘Vitra’ and ‘Retrija’ surpassed others. Our results 
confirm that the best pea seed yields and the highest protein content in pea/barley mixtures were 
obtained with long stem pea cultivars. Total yields of seeds and protein were higher in pea/barley 
mixtures than those obtained in pure stand or in mixtures with oats. 
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VARIATION OF SUBSTANCES RELEVANT TO HUMAN HEALTH IN BARLEY, 
TRITICALE AND POTATO 

 
Skaidrite Bumane*, Ilze Skrabule, Linda Legzdina, Arta Kronberga, Irisa Murniece and Zanda Kruma, 

*State Priekuli Plant Breeding Institute, Zinatnes Str. 1a, Priekuli, LV-4126, Latvia; 
skbumane@inbox.lv 

 
The objective of this study was to analyze content of vitamins, amino acids and other health–related 
substances in hulless barley, winter triticale and potato genotypes. During 2007–2009 field trials 
were organized for 195 spring barley and 31 winter triticale genotypes in three replications, plot size 
2.3 m2. β-glucans (Infratec grain analyzer) and vitamin E (AOAC Official Method 971.30) were 
determined in diverse covered and hulless barley genotypes; lysine (HPLC) in barley and triticale. 60 
potato genotypes different in vitamin C were tested during 2006–2009, plot size 5m2 in three 
replications. Effects of conventional and organic growing conditions on vitamin content were 
assessed for 6 genotypes in 2010. Vitamin C was detected using HPLC while vitamin A (carotene) by 
spectrophotometry. Lysine varied 0.34–0.45% for covered, 0.40–0.59% for hulless barleys and 0.33–
0.40% for triticale and was higher in hulless barley (P<0.001). β-glucans ranged 3.4–4.6% for covered 
and 4.4–5.9% for hulless barleys differing significantly between both types of barley (P<0.001). 
Vitamin E was within 31.9–41.6 mg kg-1 being similar in hulless and covered barleys. ANOVA showed 
significant effect of genotype and year for all three parameters (P<0.05) except for year on vitamin E. 
Vitamin C varied 12.6–34.9 mg 100 g-1 for potatoes in conventional field (2006–2009). Correlation of 
vitamin C between organic and conventional growing conditions was significant in 2010 (r=0.67, 
P<0.05). Carotene varied 0.088–0.172 mg 100 g-1 in conventional field and 0.085–0.159 mg 100 g-1 in 
organic field (2010). Correlation of carotene content between both growing conditions was 
significant (r=0.85, P<0.05). The influence of genotype on carotene and vitamin C content was 
significant (P<0.05), but the influence of growing conditions was non-significant (P>0.05). 
 
  

 

210 24th NJF Congress and 2nd NFS Conference 2011 

Poster session Abstract no. C166 
 
 

EVALUATION OF DIFFERENT PEA/CEREAL MIXTURES 
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Pea has been a traditional legume for 2–3 centuries in Latvia. More than half of the cultivars used are 
purple-blossomed. These cultivars are grown in mixtures with cereals for animal feed and green 
forage. Pea breeding is carried out at the State Priekuli Plant Breeding Institute in Latvia. The aim of 
this study was to find out the best cereal component for pea cultivars, to compare seed yields and 
protein content in different mixtures. Six cultivars of pea were tested for growing in mixtures for 
seed. ‘Vitra’ and ‘Retrija’ have brown-marled seeds, ‘Zaiga’ – green, ‘Lasma’ – yellow, but ‘Selga’– 
grey-yellow seeds. A field trial was conducted in 2009 – 2010 in Priekuli on a sod-podzolic soil, silt 
loam with organic matter content 1.7%, pHKCl – 5.8–6.1, P2O5 – 80–100 mg kg-1, K2O – 100–120 mg kg-

1. Fertilizer treatment: NPK 6-26-30 – 200 kg ha-1. The trial was established on 20 m2 plots in three 
replications using a randomized block design. Seeding rate: in pure sowing – 100 seeds/m2, 
pea/barley mixture – 35/200 seeds/m2, pea/oat mixture – 35/200 seeds/m2. The seed yield of pea 
was expressed at 100% purity and 14% standard moisture, crude protein (CP) was determined by 
Infratec grain analyzer. The results were analyzed using two–factor analysis of variance (ANOVA) at 
significance level P<0.05. The seed yield of pea varied from 4.0 to 5.3 t ha-1, seed protein content was 
within 22 to 26%. Late and long stem cultivars ‘Vitra’ and ‘Retrija’ surpassed others. Our results 
confirm that the best pea seed yields and the highest protein content in pea/barley mixtures were 
obtained with long stem pea cultivars. Total yields of seeds and protein were higher in pea/barley 
mixtures than those obtained in pure stand or in mixtures with oats. 
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EVALUATION OF YIELD COMPONENTS AND STRAW CHARACTERISTICS OF 
SPRING CEREALS DEPENDING ON CULTIVATION REGIME 

 
Ilmar Tamm*, Anne Ingver and Ülle Tamm, *Jõgeva Plant Breeding Institute, EE-48309 Jõgeva, 

Estonia; ilmar.tamm@jpbi.ee 
 
The aim of the research was the evaluation of yield components of spring cereals depending on 
organic and conventional cultivation. Two spring wheat, oat and barley varieties (40 plants per 
variety) were analysed from both cultivation regimes. In the Jõgeva Plant Breeding Institute (2006–
2009), the following estimations were carried out: plant height, head (panicle) length, number and 
weight of kernels per head (panicle), stem diameter and number of productive tillers per plant. To 
find out correlations between yield and yield components, yields per trial plots (Nearest Neighbour 
design, 3 reps) were used. Correlation analysis was performed using the statistical package of 
Agrobase to determine the relationship between yield components and cultivation regime. 

Significance of differences between the means was estimated using two-way ANOVA. 1. Most of the 
investigated plant characteristics decreased in organic cultivation. 2. Reaction of barley varieties to 
the organic regime was the lowest. 3. Oat produced the highest plants, the longest panicles, the 
biggest stem diameter, the number and mass of kernels per panicle. 4. Reaction of spring wheat to 
different management systems was the most sensitive and all the characteristics decreased the most 
in organic management. 5. Positive correlations (P>0.05) were found between yield and yield 
components (all three crops and both cultivation regimes). The correlations with yield were as 
follows: with productive tillers (r=0.56), number of kernels per head (r=0.37), kernel weight per head 
(r=0.45) and plant height (r=0.50). 
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NITROGEN FERTILIZATION RATE INFLUENCE ON FESTULOLIUM AND LOLIUM X 
BOUCHEANUM FORAGE YIELD 

 
Iveta Gutmane and Aleksandrs Adamovičs*, *Latvia University of Agriculture, 2 Liela iela, Jelgava, 

LV-3001, Latvia; aleksandrs.adamovics@llu.lv 
 
The objective of this research was to study the influence of nitrogen fertilization rate on dry matter 
yield and sward persistency of Festulolium and Lolium x boucheanum varieties under agro-ecological 
conditions of Latvia. Field trials were established on the sod–podzolic soil and fertilized with N 120 

(60+60), N180 (60+60+60), P 78 and K 90 kg ha-1. Forages were harvested three times during the growing 
season. The productivity of grasslands mostly depends on cultivated grass cultivars. Festulolium 
hybrids are among the most persistent and productive grasses of the grasses used in many Europe 
countries, especially in adverse environments. Grown for high dry matter yield it requires good 
nitrogen fertilisation. The results of the experiments in the years 2003–2007 highlight the significant 
DM yield dependence on used variety and the N fertilizer dose increase. In first year of yielding 
increased nitrogen rates positive effect was better expressed on loloid Festulolium cultivars DM yield, 
and was less expressed on festucoid Festulolium cultivars. On second and third year of yielding 
difference in increased nitrogen rates positive effect between loloid and festucoid Festulolium 
cultivars were not observed. On average the N fertilizer dose increase from 120 to 180 kg ha-1 
contributed to DM yield increase by 1,6 t ha-1 or 17 percent.  
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EVALUATION OF YIELD COMPONENTS AND STRAW CHARACTERISTICS OF 
SPRING CEREALS DEPENDING ON CULTIVATION REGIME 

 
Ilmar Tamm*, Anne Ingver and Ülle Tamm, *Jõgeva Plant Breeding Institute, EE-48309 Jõgeva, 

Estonia; ilmar.tamm@jpbi.ee 
 
The aim of the research was the evaluation of yield components of spring cereals depending on 
organic and conventional cultivation. Two spring wheat, oat and barley varieties (40 plants per 
variety) were analysed from both cultivation regimes. In the Jõgeva Plant Breeding Institute (2006–
2009), the following estimations were carried out: plant height, head (panicle) length, number and 
weight of kernels per head (panicle), stem diameter and number of productive tillers per plant. To 
find out correlations between yield and yield components, yields per trial plots (Nearest Neighbour 
design, 3 reps) were used. Correlation analysis was performed using the statistical package of 
Agrobase to determine the relationship between yield components and cultivation regime. 

Significance of differences between the means was estimated using two-way ANOVA. 1. Most of the 
investigated plant characteristics decreased in organic cultivation. 2. Reaction of barley varieties to 
the organic regime was the lowest. 3. Oat produced the highest plants, the longest panicles, the 
biggest stem diameter, the number and mass of kernels per panicle. 4. Reaction of spring wheat to 
different management systems was the most sensitive and all the characteristics decreased the most 
in organic management. 5. Positive correlations (P>0.05) were found between yield and yield 
components (all three crops and both cultivation regimes). The correlations with yield were as 
follows: with productive tillers (r=0.56), number of kernels per head (r=0.37), kernel weight per head 
(r=0.45) and plant height (r=0.50). 
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ASSESSEMENT OF TULIPS BIOLOGICAL DIVERSITY AT THE BOTANICAL 
GARDENS OF VILNIUS UNIVERSITY 

 
Regina Juodkaitė*, Gitana Štukėnienė, Izolda Pašakinskienė, Audrius Skridaila and Stasė Dapkūnienė, 
*Botanical Gardens of Vilnius University, Department of plant Systematic and Geography, Kairenu str. 

43 Vilnius, LT-10239, Lithuania; regina.juodkaite@gmail.com 
 
Tulip (Tulipa L.) is unique representative of plants; their significance has always been exceptional. 
The principal aim of this research is assess of ornamental features, phenology and phytopathology of 
263 tulip species and cultivars grown in the Botanical Gardens of Vilnius University. Triumph Tulips 
(21%) and Single Late Tulips (15%) dominate in the collection. In 10-year-research period, 22 tulip 
cultivars of various groups were removed as defective because of poor ornamental quality or 
excessive susceptibility to viral diseases. Ornamental quality was estimated visually within the limits 
of each classification group applying a complex five-point system in the period of mass blooming. In 
the Botanical Gardens collection, ornamental quality of 38% (99 species and cultivars) of tulips is very 
high. Phytovirological state of tulip collection is one of most important indices of tulip general value 
and state. Among the investigated 15 classification groups of tulips grown in the collection of the 
Botanical Gardens of Vilnius University, Darwin hybrid Tulips, Kaufmanniana, Fosteriana, Greigii 
varieties and hybrids and other tulips species and their varieties and hybrids are the most resistant to 
both fungal and viral diseases. Most of Double Early Tulips and Parrot Tulips are moderately resistant 
to Tulip breaking potyvirus, whereas Single Early Tulips, Single Late Tulips, Lily Flowered Tulips and 
Fringed Tulips are not resistant to this virus. Single Early Tulips and Double Early Tulips are most 
resistant to Botrytis tulipae. Most of Triumph Tulips, Single Late Tulips, Viridiflora Tulips, Parrot Tulips 
and Double Late Tulips are moderately resistant to fungal diseases. Manifestation of Botrytis tulipae 
on tulips depends upon particular climatic conditions. 
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SIGNIFICANCE OF REGULATED AND UNREGULATED FACTORS IN PRECISION 
FIELD MANAGEMENT FOR WINTER WHEAT 

 
Dainis Lapins*, Janis Kopmanis, Andris Berzins and Gundega Dinaburga, *Latvia University of 

Agriculture, Institute of Soil and Plant Sciences, Liela iela 2, Jelgava, LV-3001, Latvia; 
dainis.lapins@llu.lv 

 
Investigations were carried out during 2005–2009 in winter wheat (Triticum aestivum L.) at the 
Research and Study farm Vecauce of the Latvia University of Agriculture. Data from 83 stationary 
observation points, detected by GPS receivers, were collected in two production fields where winter 
wheat was grown after winter wheat. Yearly values of soil penetration resistance and soil moisture 
content at till depth 0.5 m was determined in autumn and spring. Unregulated factors such as 
relative height above the sea level, soil texture classes, thickness of humus horizon and soil 
agrochemical properties were determined in the beginning of the experiments. Every year in autumn 
and spring data characterizing growth and development of winter wheat was determined, namely 
total weight of plant, number of sprouts, the length of roots, coefficient of tillering, area of flag leaf 
and grain yield. Data analysis was performed using a mathematical descriptive statistics and 
correlation analysis. The aim of the trial was to compare different factors effecting growth and 
development of winter wheat. The determining factor effecting winter wheat grain yield was soil 
moisture, especially in soil layer from 0.2 to 0.5 m, if growing winter wheat in morainic hill area. The 
importance of flag leaf area increased in years with moisture deficit. There was a significant positive 
effect of organic matter content and negative effect of relative height differences on grain yield. In 
years with high precipitation, the effect of relative height on grain yield was insignificant. Yield data 
analyses showed that increased soil penetration resistance in subsoil layer has significant negative 
effect to wheat grain yield. Factors effecting differences of yield differed among trial years and fields.  
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Regina Juodkaitė*, Gitana Štukėnienė, Izolda Pašakinskienė, Audrius Skridaila and Stasė Dapkūnienė, 
*Botanical Gardens of Vilnius University, Department of plant Systematic and Geography, Kairenu str. 

43 Vilnius, LT-10239, Lithuania; regina.juodkaite@gmail.com 
 
Tulip (Tulipa L.) is unique representative of plants; their significance has always been exceptional. 
The principal aim of this research is assess of ornamental features, phenology and phytopathology of 
263 tulip species and cultivars grown in the Botanical Gardens of Vilnius University. Triumph Tulips 
(21%) and Single Late Tulips (15%) dominate in the collection. In 10-year-research period, 22 tulip 
cultivars of various groups were removed as defective because of poor ornamental quality or 
excessive susceptibility to viral diseases. Ornamental quality was estimated visually within the limits 
of each classification group applying a complex five-point system in the period of mass blooming. In 
the Botanical Gardens collection, ornamental quality of 38% (99 species and cultivars) of tulips is very 
high. Phytovirological state of tulip collection is one of most important indices of tulip general value 
and state. Among the investigated 15 classification groups of tulips grown in the collection of the 
Botanical Gardens of Vilnius University, Darwin hybrid Tulips, Kaufmanniana, Fosteriana, Greigii 
varieties and hybrids and other tulips species and their varieties and hybrids are the most resistant to 
both fungal and viral diseases. Most of Double Early Tulips and Parrot Tulips are moderately resistant 
to Tulip breaking potyvirus, whereas Single Early Tulips, Single Late Tulips, Lily Flowered Tulips and 
Fringed Tulips are not resistant to this virus. Single Early Tulips and Double Early Tulips are most 
resistant to Botrytis tulipae. Most of Triumph Tulips, Single Late Tulips, Viridiflora Tulips, Parrot Tulips 
and Double Late Tulips are moderately resistant to fungal diseases. Manifestation of Botrytis tulipae 
on tulips depends upon particular climatic conditions. 
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CHANGES IN δ13C AND DECADAL SCALE CARBON SEQUESTRATION IN SOIL 
WITH INPUTS OF MAIZE RESIDUES AND MANURE 

 
Ingrid K. Thomsen*, Jørgen E. Olesen, Elly M. Hansen and Bent T. Christensen, *Department of 
Agroecology and Environment, Faculty of Agricultural Sciences, Aarhus University, P.O. Box 50, 

DK-8830 Tjele, Denmark; ingrid.thomsen@agrsci.dk 
 
Discrimination against 13CO2 during photosynthesis causes plants to be depleted in 13C relative to 
atmospheric CO2. The degree of depletion reflects the photosynthetic pathway, plants with C3-
pathway being distinctly lower in 13C than plants with the C4-pathway. The different discrimination 
presents a unique tool to study soil C sequestration where C4-plants (e.g. maize) have replaced C3-

plants (e.g. barley). Such studies often lack specific plant δ13C values of historic inputs and apply a 

fixed δ13C value for all C4-inputs, assuming that annual variations in plant δ13C are small and can be 

ignored. To test this assumption, we measured the δ13C of annual samples of silage maize (Zea mays 
L.) grown in an Askov field experiment during 1988 to 2006. Then we estimated changes in C in two 
soils amended with maize residues and maize-derived manure over nine years. Aboveground maize 
biomass was removed, chopped and added to the soil, or it was fed to sheep and the faeces then 

added to the soil. Annual DM inputs of maize biomass and sheep faeces were similar. The δ13C of 
maize decreased with time but inter-annual variations were relatively small. We advocate however 
that estimates of decadal scale soil C sequestration are based on a mean value of δ13C in plants from 
several years. After nine years of maize cropping, soil C from maize stubbles and roots accounted for 
12 and 16% of the total-C in the two soils. When maize biomass and sheep faeces were added, C 
from these sources averaged 14% and 21% of the soil total-C, respectively. The retention of the C 
added in aboveground maize biomass averaged 19% while the retention of C added in maize-derived 
faeces was 30%. Our study infers that ruminant manure C contributes about 50% more to soil C 
sequestration than C applied in crop residues. 
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THE EFFECT OF SUBSURFACE DRAINAGE METHODS ON CROP GROWTH AND 
NUTRIENT TRANSPORT – PRELIMINARY RESULTS 

 
Maija Paasonen-Kivekäs*, Laura Alakukku, Harri Koivusalo, Merja Myllys, Jyrki Nurminen, Markku 
Puustinen, Lassi Warsta and Helena Äijö, *Sven Hallin Research Foundation, Simonkatu 12 A 11, 

FI-00100 Helsinki, Finland; maija.paasonen@hallin.fi 
 
The aim of this study is to find out how envelope material and drain spacing affect crop growth, 
nutrient transport and soil properties. The experimental site consists of four subsurface drained field 
sections of 1.3–3.4 ha in south-western Finland. The soil is heavy clay and the mean slope is 1%. The 
existing tile drains were laid in 1954. Drainage in two of the fields was improved in June 2008 by 
using different drainage techniques. In the method I gravel was used as an envelope and the drain 
space was cut from 16 m to 8 m. In the method II, a thin textile envelope was used and the drain 
spacing was changed from 16 m to 6 m. The two other fields were left as reference plots. Drain flow 
and surface runoff from each field section are continuously measured. Concentrations of total P, PO4-
P, total N, NH4-N, NO3-N and suspended solids are determined from flow weighted composite water 
samples. Depth of the groundwater table, soil moisture (0–30 cm layer) and crop yield and quality 
are also measured. Physical and chemical soil properties were determined before the experiments. 
The measurements started in May 2007 with a calibration period of 13 months. The experimental 
period started in June 2008 and will continue until 2013. The preliminary results showed that the 
drainage method II increased the total nitrogen load and decreased the total phosphorus load 
compared with the method I and the reference plots. No clear difference in the crop parameters 
could be detected between the improved drainage systems and the original drainage system with 16 
m spacing. The field section with 32 m drain spacing had lower total nutrient loads and smaller yields 
than the other fields. The water balance of the field site will be studied using a 3-D mathematical 
modelling. 
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Discrimination against 13CO2 during photosynthesis causes plants to be depleted in 13C relative to 
atmospheric CO2. The degree of depletion reflects the photosynthetic pathway, plants with C3-
pathway being distinctly lower in 13C than plants with the C4-pathway. The different discrimination 
presents a unique tool to study soil C sequestration where C4-plants (e.g. maize) have replaced C3-

plants (e.g. barley). Such studies often lack specific plant δ13C values of historic inputs and apply a 

fixed δ13C value for all C4-inputs, assuming that annual variations in plant δ13C are small and can be 

ignored. To test this assumption, we measured the δ13C of annual samples of silage maize (Zea mays 
L.) grown in an Askov field experiment during 1988 to 2006. Then we estimated changes in C in two 
soils amended with maize residues and maize-derived manure over nine years. Aboveground maize 
biomass was removed, chopped and added to the soil, or it was fed to sheep and the faeces then 

added to the soil. Annual DM inputs of maize biomass and sheep faeces were similar. The δ13C of 
maize decreased with time but inter-annual variations were relatively small. We advocate however 
that estimates of decadal scale soil C sequestration are based on a mean value of δ13C in plants from 
several years. After nine years of maize cropping, soil C from maize stubbles and roots accounted for 
12 and 16% of the total-C in the two soils. When maize biomass and sheep faeces were added, C 
from these sources averaged 14% and 21% of the soil total-C, respectively. The retention of the C 
added in aboveground maize biomass averaged 19% while the retention of C added in maize-derived 
faeces was 30%. Our study infers that ruminant manure C contributes about 50% more to soil C 
sequestration than C applied in crop residues. 
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STORAGE OF SLURRY IN EARTH-BANKED LINED BASINS IN FINLAND 
 

Maarit Hellstedt* and Teemu AlaKleme, *MTT Agrifood Research Finland, Animal Production 
Research, Kampusranta 9 C, FI-60320 Seinäjoki, Finland; maarit.hellstedt@mtt.fi 

 
Earth-banked basins are commonly applied in many countries to store slurry. Their design varies 
from simple ponds without any provisions to well monitored storage facilities with thick plastic 
sheets, protecting the soil underneath. In Finland there have occurred breakdowns of earthen 
manure stores. These failures have led to demands for slapping a band for this kind of slurry 
storages. The situation is uncomfortable because according to BAT-documents a lagoon is equally 
viable as a slurry tank, providing it has impermeable base and walls in combination with leakage 
detection and provisions for a cover. This research project consists of two different parts. In the first 
part information and literature of the use and regulations of this kind of slurry storages in different 
European countries was gathered up. The second part of the project was visits on four farms having 
earthen lined slurry storages. From there the plans for construction work were checked and the 
condition of the earthen storages was inspected. From the results of the farm visits made and from 
the instructions and other material got from the companies selling lining materials for lagoons it was 
concluded that from the point of view of material technology the earthen lined storages are 
acceptable. The farm visits pointed out the significance of the careful construction work and of the 
use of suitable machinery both in construction and operation of a lagoon. In the literature and 
instructions the importance of site investigations (such as geological report, ground survey, soil 
investigation, determining the depth to bedrock and the depth to the seasonable high water table) 
are out lined. Also the importance of professional doers is emphasized. When comparing the Finnish 
guidelines and the results of farm visits to the literature and instructions from other countries certain 
additions to our guidelines are worth to consider. 
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DO CROPS MATTER? CO2 EMISSIONS FROM CULTIVATED PEAT SOILS 
 

Lisbet Norberg*, Örjan Berglund and Kerstin Berglund, *University of Agricultural Sciences, 
Department of Soil and Environment, P.O. Box 7014, SE-75007 Uppsala, Sweden; 

lisbet.norberg@slu.se 
 
Climate change is one of the greatest environmental issues in our time. Drained peat soils emit 6–8% 
of the total annual emission of greenhouse gases in Sweden. About 8% of the agricultural land in 
Sweden is drained peat soil. Peat soils in Sweden are mainly low intensity cultivated with ley and 
pastures but a smaller part is annual crops including row crops like carrots and potato. A common 
way of calculating CO2 emissions is to use the subsidence rate of the peat soil. Oxidation of the 
organic matter is an important process for subsidence and this process may be influenced by 
cultivation intensity. Studies using this method indicate that grasslands emit less CO2 than more 
intensively grown annual crops. In our study we have used the dark chamber method to measure the 
impact that cropping system might have on the CO2 emissions from peat soil. Two different crops on 
fields with the same soil properties, e.g. on each side of a ditch or field border, is compared by 
sampling CO2 in the field. Measurements from plots with crop and with bare soil have been carried 
out during two growing seasons, 2009 and 2010. Crops compared in this study are ley/carrots in 2009 
and ley/barley in 2010. Our results show that cropping system has minor effect on CO2 emissions 
from peat soils and indicate a higher CO2 emission from ley compared to carrots and barley. Other 
factors like soil type, temperature and soil moisture have greater impact on the emissions. 
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Earth-banked basins are commonly applied in many countries to store slurry. Their design varies 
from simple ponds without any provisions to well monitored storage facilities with thick plastic 
sheets, protecting the soil underneath. In Finland there have occurred breakdowns of earthen 
manure stores. These failures have led to demands for slapping a band for this kind of slurry 
storages. The situation is uncomfortable because according to BAT-documents a lagoon is equally 
viable as a slurry tank, providing it has impermeable base and walls in combination with leakage 
detection and provisions for a cover. This research project consists of two different parts. In the first 
part information and literature of the use and regulations of this kind of slurry storages in different 
European countries was gathered up. The second part of the project was visits on four farms having 
earthen lined slurry storages. From there the plans for construction work were checked and the 
condition of the earthen storages was inspected. From the results of the farm visits made and from 
the instructions and other material got from the companies selling lining materials for lagoons it was 
concluded that from the point of view of material technology the earthen lined storages are 
acceptable. The farm visits pointed out the significance of the careful construction work and of the 
use of suitable machinery both in construction and operation of a lagoon. In the literature and 
instructions the importance of site investigations (such as geological report, ground survey, soil 
investigation, determining the depth to bedrock and the depth to the seasonable high water table) 
are out lined. Also the importance of professional doers is emphasized. When comparing the Finnish 
guidelines and the results of farm visits to the literature and instructions from other countries certain 
additions to our guidelines are worth to consider. 
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IN SITU DETERMINATION OF LONG TERM (>50 Y) CHANGES IN δ13C 
SIGNATURE OF SOIL ORGANIC MATTER IN A COOL TEMPERATE CLIMATE 

 
Lorenzo Menichetti*, Alf Ekblad and Thomas Kätterer, *Swedish University of Agricultural Sciences, 
Department of Soil and Environment, P.O. Box 7014, SE-75007 Sweden; lorenzo.menichetti@slu.se 

 
Tracing changes in the natural abundance of δ13C is a valuable tool to assess the factors driving soil C 
dynamics in the field, although the δ13C signal may contain information about several processes, 
most of which are actually not well known. These processes may be: (1) δ13C change over time of 
atmospheric CO2 (“Suess effect”); (2) kinetic discrimination against 13C during respiration; (2) 
preferential decomposition of certain compounds; (3) microbes as precursors of stable organic 
matter; (4) variable mobility and sorption of dissolved organic C with variable isotopic composition. 
In this study we utilized a well documented long-term field experiment started in 1956, where we 
focused on the relationships between net C balances and changes in δ13C signature of soil organic 
matter (SOM) in the topsoil (0–20 cm) of two treatments, a bare fallow (no vegetation, regularly 
weeded) and an unfertilized control treatment with arable crops. Between 1956 and 2009, the soil 
δ13C signature in the fallow showed a net enrichment in 13C (0.6‰). The trend was significant 
according to linear regression (R2=57%). In contrast, the control treatment did not show any changes 
in δ13C during the same time period due to several factors counterbalancing the enrichment in this 
treatment. We concluded that it is possible to quantify changes in the δ13C signature during 
decomposition of SOM when other factors are accounted for and on a proper timescale.  
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ESTIMATING ANNUAL C INPUTS TO SOIL FOR FORAGE-BASED CROP 
ROTATIONS – A CASE STUDY FROM A LONG-TERM FIELD EXPERIMENT IN 

NORTHERN SWEDEN 
 

Martin A. Bolinder*, Thomas Kätterer, Olof Andrén and Holger Kirchmann, *Swedish University of 
Agricultural Sciences, Department of Soil and Environment, P.O. Box 7014, SE-75007 Uppsala, 

Sweden; martin.bolinder@slu.se 
 
At higher latitudes with cold temperate climate, crop rotations dominated by forage are common 
and they favor large stocks of soil organic carbon (SOC). A major driver for the SOC sequestration 
potential is the annual C inputs to soil. The objective of this study was to present the concepts and 
methodology developed to estimate annual C inputs to soil for these ecosystems. The concepts were 
tested on data from a long-term field experiment in northern Sweden (63–64 oN) using the 
Introductory Carbon Balance Model (ICBM). Changes in SOC stocks were recorded in the topsoil (0–
25 cm) of a silty clay loam for the period 1956 to 2008, where a 6-yr forage-based crop rotation (i.e., 
1-yr of insown barley followed by 5-yrs forage) was grown in six plots (8 x 20 m). The annual C inputs 
to soil for this ecosystem are mostly below-ground, i.e., 1st yr - from barley roots and extra-root C 
(ER), 2nd – 5th yrs - from ER, 6th yr - from ER and forage roots incorporated when the soil is ploughed. 
We define ER as turnover and cell sloughing of epidermal root tissues during the growing season and 
winter, and soluble compounds released from the roots by exudation. Estimates of ER in literature 
vary between 25 to 100% of peak root biomass. We show that mean peak root biomass 
measurements for forages is at least three times that of small-grain cereals, (i.e., 7.8 versus 2.0 Mg 
dry matter ha-1), and that this estimate has not changed significantly for the past 150 years. From this 
information we developed allometric functions used in the ICBM approach to calculate the 
parameter for annual C inputs to soil: this allowed us to accurately simulate final SOC stocks for most 
of the plots. 
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Tracing changes in the natural abundance of δ13C is a valuable tool to assess the factors driving soil C 
dynamics in the field, although the δ13C signal may contain information about several processes, 
most of which are actually not well known. These processes may be: (1) δ13C change over time of 
atmospheric CO2 (“Suess effect”); (2) kinetic discrimination against 13C during respiration; (2) 
preferential decomposition of certain compounds; (3) microbes as precursors of stable organic 
matter; (4) variable mobility and sorption of dissolved organic C with variable isotopic composition. 
In this study we utilized a well documented long-term field experiment started in 1956, where we 
focused on the relationships between net C balances and changes in δ13C signature of soil organic 
matter (SOM) in the topsoil (0–20 cm) of two treatments, a bare fallow (no vegetation, regularly 
weeded) and an unfertilized control treatment with arable crops. Between 1956 and 2009, the soil 
δ13C signature in the fallow showed a net enrichment in 13C (0.6‰). The trend was significant 
according to linear regression (R2=57%). In contrast, the control treatment did not show any changes 
in δ13C during the same time period due to several factors counterbalancing the enrichment in this 
treatment. We concluded that it is possible to quantify changes in the δ13C signature during 
decomposition of SOM when other factors are accounted for and on a proper timescale.  
  



 

222 24th NJF Congress and 2nd NFS Conference 2011 

Poster session Abstract no. E159 
 
 

NITROUS OXIDE AND METHANE EMISSIONS FROM CATTLE EXCRETA 
 

Paula Perälä*, Sanna Pitkänen and Kristiina Regina, *MTT Agrifood Research Finland, Plant 
Production Research, FI-31600 Jokioinen, Finland; paula.perala@mtt.fi 

 
The effects of cow dung and urine on nitrous oxide (N2O) and methane (CH4) emissions from soils 
were studied on a lysimeter field in Jokioinen, Finland, in 2003–2004. Two grazing times, spring and 
autumn were simulated, in order to estimate the effect of grazing on the greenhouse gas emissions 
from boreal pastures. Excreta collected on the day of application were applied on lysimeters with 
three different soil types. The emissions were measured gas chromatographically with the closed-
chamber method. The background flux and the emissions from the dung and urine patches were 
measured separately and the emissions of a typical pasture were calculated by taking into account 
the estimated average coverage of the excreta on a grazed pasture. The period of measurement was 
one year excluding the winter months since the winter measurements would have disturbed other 
measurements made on the lysimeters. The dung and urine patches increased N2O emissions from 
the soils for a period of up to three months. The increase was highest on the sandy soil. Emissions 
from the urine patches were higher than those from the dung. On the average, the yearly proportion 
of N lost as N2O-N (%) from the N applied in the spring application in urine treatments was 0.3, 0.5 
and 3.7 and in dung treatments 0.8, 0.6 and 1.4 from silt, clay and sandy soil, respectively. In the 
autumn application, N lost was 0.2, 0.4 and 0.6 from silt, clay and sandy soil in urine treatments and 
0.2, 0.4 and 0.5 in dung treatments, respectively. On the average, N2O-N lost was 0.8% from the total 
N applied. However, the effect of winter months on the N2O-N lost remains unknown. The emissions 
of CH4 from dung were short-term and of minor importance. 
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PRODUCT STOICHIOMETRICS AS AFFECTED BY INTENSIFICATION OF 
AGRICULTURE IN NEPAL 

 
Nani Raut*, Lars Bakken, Bishal Kumar Sitaula and Peter Dorsch, *Department of International 

Environment and Development studies (Noragric), Agricultural University of Norway, P.O. Box 5001, 
N-1432 Ås, Norway; nani.raut@umb.no 

 
Nitrous oxide (N2O) is one of the important greenhouse gases, significant emission of which comes 
from agricultural soil and denitrification is the major mechanism for N2O emission. We have studied 
the effect of agricultural intensification (3crops per year versus 2, higher fertilizer levels) on 
denitrification potential of the soils and the N2O/N2 product ratio of denitrification, which is taken as 
a measure of the soils’ propensity to emit N2O. Soil samples were taken from upland (bari: the 
rainfed leveled or sloping terraces) and lowland (khet: the bunded and leveled irrigated periodically 
flooded terraces) areas of Ansikhola watershed of central Nepal. From each bari and khet lands, soil 
samples were taken as paired samples from traditional and adjacent intensified agricultural system. 
Anoxic laboratory incubations (phase 1: before addition of substrate; phase 2: after addition of 
glumatic acid) with and without acetylene (to inhibit N2O reductase) was conducted. Soil pH was ~0.5 
pH units lower in the soil under intensified system compared to traditional agricultural system 
(P<0.01). Phase 1 denitrification (prior to addition of glutamic acid) showed relatively constant rates 
of N2 and N2O production, and the product ratio [N2O: (N2O + N2)] was significantly higher in 
intensified agricultural system (0.77±03) compared to traditional agricultural system (0.57±04), 
attributable to the lowering of soil pH by intensification (strong correlation between product ratio 
and soil pH). In response to glutamic acid, the denitrification rates increased (largely exponential) till 
depletion of available NO3, with transient peaks of N2O. The phase 2 data were used to calculate an 
N2O Index, which is a measure of the relative size of the N2O peak. This index showed was again 
correlated with soil pH, but only for the Bari soils. The results corroborate earlier findings that pH is a 
master variable controlling the product stoichiometry of denitrification. The results suggest that the 
ongoing intensification of agriculture in Asia may result in much higher N2O emissions, unless the 
acidification of the soil is counteracted by liming. 
 
  

 

222 24th NJF Congress and 2nd NFS Conference 2011 

Poster session Abstract no. E159 
 
 

NITROUS OXIDE AND METHANE EMISSIONS FROM CATTLE EXCRETA 
 

Paula Perälä*, Sanna Pitkänen and Kristiina Regina, *MTT Agrifood Research Finland, Plant 
Production Research, FI-31600 Jokioinen, Finland; paula.perala@mtt.fi 

 
The effects of cow dung and urine on nitrous oxide (N2O) and methane (CH4) emissions from soils 
were studied on a lysimeter field in Jokioinen, Finland, in 2003–2004. Two grazing times, spring and 
autumn were simulated, in order to estimate the effect of grazing on the greenhouse gas emissions 
from boreal pastures. Excreta collected on the day of application were applied on lysimeters with 
three different soil types. The emissions were measured gas chromatographically with the closed-
chamber method. The background flux and the emissions from the dung and urine patches were 
measured separately and the emissions of a typical pasture were calculated by taking into account 
the estimated average coverage of the excreta on a grazed pasture. The period of measurement was 
one year excluding the winter months since the winter measurements would have disturbed other 
measurements made on the lysimeters. The dung and urine patches increased N2O emissions from 
the soils for a period of up to three months. The increase was highest on the sandy soil. Emissions 
from the urine patches were higher than those from the dung. On the average, the yearly proportion 
of N lost as N2O-N (%) from the N applied in the spring application in urine treatments was 0.3, 0.5 
and 3.7 and in dung treatments 0.8, 0.6 and 1.4 from silt, clay and sandy soil, respectively. In the 
autumn application, N lost was 0.2, 0.4 and 0.6 from silt, clay and sandy soil in urine treatments and 
0.2, 0.4 and 0.5 in dung treatments, respectively. On the average, N2O-N lost was 0.8% from the total 
N applied. However, the effect of winter months on the N2O-N lost remains unknown. The emissions 
of CH4 from dung were short-term and of minor importance. 
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EFFECT OF MINIMUM TILLAGE ON SOIL SUSTAINABILITY 
 

Antons Ruza*, Andris Berzins and Maija Ausmane, *Latvia University of Agriculture, Liela iela 2, 
Jelgava, Latvia; antons.ruza@llu.lv 

 
To study minimum tillage effect on crop yields and quality in monocultures (minimum crop 
rotations), on soil agro-physical properties and chemical composition change in the long term in 
comparison with conventional crop production technology, long-term field experimental plots under 
conventional and minimum tillage both with monoculture and definite crop rotation treatments 
were established at the Study and Research Farm “Peterlauki” of the Latvia University of Agriculture 
in the autumn 2008. At the initial stage of this investigation, statistically significant differences in 
weed number were not observed when ploughing was replaced by minimum tillage. Soil moisture 
had a decisive role for numerical values of penetrometric resistance. Both under conventional and 
minimum tillage, reduction in penetrometric resistance in different crop rotation links was observed 
at the depths up to 20 cm. Under minimum tillage, higher soil bulk density was practically observed 
at all depths of arable layer. In general, in arable layer under conventional tillage amounts of soil 
capillary pores increased by 1.5%. In spring, higher moisture concentrations at 0–5 cm depth were 
observed in all compared treatments under minimum tillage, but in autumn period this tendency was 
not so expressed as in spring and was close to moisture concentration observed under conventional 
tillage. In case of conventional tillage, excessive moisture both in spring and autumn periods 
accumulated at 20–25 cm depths where the so-called “plow sole” usually formed. On the whole, 
comparison between conventional and minimum tillage effects in autumn on soil moisture content in 
different crop rotation links did not show any law-governed and mathematically convincing changes. 
Wherewith, assumption that a 2-course oilseed rape rotation in all treatments would contribute to 
more intensive loosening of soil and transporting unwanted moisture to lower layers of soil did not 
prove right. 
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NITROUS OXIDE EMISSIONS FROM ACID SULPHATE SOIL AT HIGH AND LOW 
GROUND WATER LEVELS IN A LYSIMETER EXPERIMENT 

 
Asko Simojoki*, Seija Virtanen and Markku Yli-Halla, *Department of Food and Environmental 

Sciences, University of Helsinki, P.O. Box 27, FI-00014 Helsinki, Finland; asko.simojoki@helsinki.fi 
 
The acid discharge from agricultural acid sulphate (AS) soils is deteriorating the water quality of 
recipient waters along the Baltic seashore, as the sulphides in AS soils oxidize to form sulphuric acid. 
Most sulphides are located in the C horizons of AS soils that also contain large stocks of carbon and 
nitrogen and are potentially high in microbial activity. Besides promoting the formation of sulphuric 
acid, the oxidation of C horizons may thus increase microbial activity and mobilise carbon and 
nitrogen. Controlled drainage and the elevation of ground water table are potential mitigation 
measures for decreasing oxidation and acid formation. High water table may however concurrently 
increase denitrification and nitrous oxide emissions from soil. We aimed to study, if the elevation of 
water table increases nitrous oxide emissions from AS soil (Sulfic Cryaquept). The emissions were 
measured by static closed chambers during the growing period of 2010 in a lysimeter experiment, 
where the water table was kept either high or low at 30 cm and 70 cm below the soil surface, 
respectively, including both cropped (reed canary grass) and non-cropped lysimeters. Emissions were 
measured biweekly, or daily during two intensive 3-day measurement periods with heavy rainfall 
simulation. Simultaneously, pore water was sampled in the topsoil and analyzed for dissolved 
nitrogen and carbon species. Dissolved nitrogen and nitrous oxide emissions peaked immediately 
following the N-fertilization in spring. Thereafter plant nutrient uptake quickly decreased the 
concentrations of dissolved nitrogen and the nitrous oxide emissions from the soil. The emissions of 
nitrous oxide were generally of the same order of magnitude in both high and low water table 
treatment. The concern that the elevation of water table may increase nitrous oxide emission from 
soil was not supported by this study.  
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Jelgava, Latvia; antons.ruza@llu.lv 

 
To study minimum tillage effect on crop yields and quality in monocultures (minimum crop 
rotations), on soil agro-physical properties and chemical composition change in the long term in 
comparison with conventional crop production technology, long-term field experimental plots under 
conventional and minimum tillage both with monoculture and definite crop rotation treatments 
were established at the Study and Research Farm “Peterlauki” of the Latvia University of Agriculture 
in the autumn 2008. At the initial stage of this investigation, statistically significant differences in 
weed number were not observed when ploughing was replaced by minimum tillage. Soil moisture 
had a decisive role for numerical values of penetrometric resistance. Both under conventional and 
minimum tillage, reduction in penetrometric resistance in different crop rotation links was observed 
at the depths up to 20 cm. Under minimum tillage, higher soil bulk density was practically observed 
at all depths of arable layer. In general, in arable layer under conventional tillage amounts of soil 
capillary pores increased by 1.5%. In spring, higher moisture concentrations at 0–5 cm depth were 
observed in all compared treatments under minimum tillage, but in autumn period this tendency was 
not so expressed as in spring and was close to moisture concentration observed under conventional 
tillage. In case of conventional tillage, excessive moisture both in spring and autumn periods 
accumulated at 20–25 cm depths where the so-called “plow sole” usually formed. On the whole, 
comparison between conventional and minimum tillage effects in autumn on soil moisture content in 
different crop rotation links did not show any law-governed and mathematically convincing changes. 
Wherewith, assumption that a 2-course oilseed rape rotation in all treatments would contribute to 
more intensive loosening of soil and transporting unwanted moisture to lower layers of soil did not 
prove right. 
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NITROUS OXIDE EMISSIONS FROM A CLAY SOIL DEPENDING ON TIMING OF 
AUTUMN MOULDBOARD PLOUGHING 

 
Maria Stenberg*, Åsa Kasimir Klemedtsson, Tobias Rütting, Per Weslien, Åsa Myrbeck, Johanna 

Wetterlind, Josefine Nylinder and Leif Klemedtsson, *SLU, Department of soil and environment, P.O. 
Box 234, SE-53223 Skara, Sweden; maria.stenberg@slu.se. 

 
Soil tillage under wet conditions can have negative effects on the soil structure, especially on clay 
soils. This may result in decreases in crop growth and yields, and thereby nitrogen uptake, causing 
increased levels of soil mineral nitrogen during periods with no crop nitrogen uptake. A more dense 
soil structure as well as increased amounts of nitrate could give increased losses of nitrogen by 
leaching or by gaseous emissions. Declining grain yields during almost ten years of mouldboard 
ploughing in late autumn (November) under wet conditions compared with ploughing in September 
when the soil still is dry, raised the question if deteriorated soil structure increases nitrous oxide 
(N2O) emissions. Higher concentrations of carbon and nitrogen in the superficial soil layers, as in 
reduced tillage, may also cause increased emissions from the soil. N2O emissions were measured by 
manual chambers in a Swedish long-term field experiment on a clay soil with early and late 
mouldboard ploughing compared with tine cultivation as primary tillage. Micrometeorological 
measurements on early and late ploughing were carried out in a nearby site as well. Data from the 
first autumn of measurements in 2009 with manual chambers indicated higher emissions during 
autumn from the tine cultivated plots compared with the ploughed, however not significant. Data 
from two consecutive years will be presented at the conference. 
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LARGE CARBON AND NITROGEN POOLS IN SUBSOIL OF ACID SULPHATE SOILS, 
A POTENTIAL SOURCE FOR GREENHOUSE GAS EMISSIONS? 

 
Seija Virtanen*, Miloslav Šimek, Václav Krištůfek, Asko Simojoki and Markku Yli-Halla, *Department 
of Food and Environmental Sciences, University of Helsinki, P.O. Box 27, FI-00014 Helsinki, Finland; 

seija.virtanen@helsinki.fi 
 
The largest areas of acid sulphate (AS) soils in Europe are located in Finland, where 67,000–130,000 
ha of them are in agricultural use. The subsoils of AS soils contain large amounts of organic carbon 
and nitrogen, which could facilitate emissions of greenhouse gases (GHG). Although the current 
microbial activity is very low because of low temperatures, long-term anaerobiosis and other 
unfavourable conditions in permanently saturated subsoil layers, drainage, isostatic rebound and 
temperature increases might change soil conditions into more favourable. This study aimed to 
compare organic carbon, total and mineral nitrogen stocks in AS (Sulfic Cryaquept) and non-AS (Aquic 
Haplocryoll) soils and their potential microbial activity conducive to enhanced GHG emissions. The 
total carbon and nitrogen contents of soil horizons were determined by dry combustion, and mineral 
nitrogen by spectrophotometry with a flow injection autoanalyser, and converted into kilograms per 
hectare using the bulk density data by the clod method. Basal respiration (BR), substrate induced 
respiration (SIR) and dehydrogenase activity (DHA) were determined to characterize the microbial 
processes in soil. Large carbon and nitrogen stocks (110 Mg Corg ha-1 and 15 Mg Ntot ha-1) and high SIR 
(33 µg CO2-C g-1h-1) were found in the C horizons of AS soil but not in the non-AS soil. High potential 
microbial activity in the subsoil of AS soil was further confirmed by measurements of DHA and BR. 
The abundant carbon and mineral nitrogen stocks in the deep layers of AS soils serve as substrate 
and nutrients for enhanced aerobic microbial growth when oxygen enters the layers. Our results 
support the hypothesis that the mineralization of organic matter in the subsoil of AS soils may be 
conducive to large GHG emissions. Their extent and possible impact on the global gas fluxes needs 
further study. 
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NITROUS OXIDE EMISSIONS FROM A CLAY SOIL DEPENDING ON TIMING OF 
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Maria Stenberg*, Åsa Kasimir Klemedtsson, Tobias Rütting, Per Weslien, Åsa Myrbeck, Johanna 

Wetterlind, Josefine Nylinder and Leif Klemedtsson, *SLU, Department of soil and environment, P.O. 
Box 234, SE-53223 Skara, Sweden; maria.stenberg@slu.se. 

 
Soil tillage under wet conditions can have negative effects on the soil structure, especially on clay 
soils. This may result in decreases in crop growth and yields, and thereby nitrogen uptake, causing 
increased levels of soil mineral nitrogen during periods with no crop nitrogen uptake. A more dense 
soil structure as well as increased amounts of nitrate could give increased losses of nitrogen by 
leaching or by gaseous emissions. Declining grain yields during almost ten years of mouldboard 
ploughing in late autumn (November) under wet conditions compared with ploughing in September 
when the soil still is dry, raised the question if deteriorated soil structure increases nitrous oxide 
(N2O) emissions. Higher concentrations of carbon and nitrogen in the superficial soil layers, as in 
reduced tillage, may also cause increased emissions from the soil. N2O emissions were measured by 
manual chambers in a Swedish long-term field experiment on a clay soil with early and late 
mouldboard ploughing compared with tine cultivation as primary tillage. Micrometeorological 
measurements on early and late ploughing were carried out in a nearby site as well. Data from the 
first autumn of measurements in 2009 with manual chambers indicated higher emissions during 
autumn from the tine cultivated plots compared with the ploughed, however not significant. Data 
from two consecutive years will be presented at the conference. 
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INTERNET-BASED SOIL QUALITY TEST FOR FINNISH FARMERS 
 

Merja Myllys*, Ansa Palojärvi and Laura Alakukku, *MTT Agrifood Research Finland, Plant Production 
Research, E-talo, FI-31600 Jokioinen, Finland; merja.myllys@mtt.fi 

 
A soil quality test is available on http://www.agronet.fi/peltomaan_laatutesti to evaluate the quality 
of Finnish agricultural soils. The test examines chemical, physical and biological properties of soils, 
and thus, gives a comprehensive picture of soil quality. Soil quality means the capability of the soil to 
maintain its versatile processes, and produce good yields and wholesome food with minimum harm 
to the environment. The soil quality test is a tool for the farmers to manage their soils. It focuses on 
the most important factors determining soil quality. The test comprises of three parts: an evaluation 
of the farmer’s own farming practices, observations on the field, and additional measurements on 
the field. In addition, laboratory results of a soil fertility analysis are included. The test is valid on 
cultivated mineral soils. The first part of the test is an introspective questionnaire, which helps the 
farmer to assess the cultivation techniques, soil properties and vegetation on the investigated plot. 
The most important part of the test is observations about soil structure and biological processes. 
Observations are made on the field by looking and touching the soil with the help of exact 
instructions. Scores are given according to the observations. The third part is optional. It consists of 
simple measurements of soil physical and biological properties. Some special equipment is needed 
on this part, whereas the other parts can be done independently. The scores of the observations, the 
results of the optional measurements, and the results of the fertility analysis are saved on a form, 
and the same form gives the results. The results are scaled and illustrated in order to make them 
easily understandable. Finally, the test gives a list of proposed actions that the farmer can take in 
order to improve possible poor soil properties found by the test.  
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SOIL CHARACHTERISTICS OF A HALF CENTURY OLD TERRA PRETA IN SWEDEN 
 

Mia Hedvigsdotter; Tor Kihlberg; Carsten Petersen, Folke Günther and Lars Hylander*, *Uppsala 
University, Department of Earth Sciences, Air, Water and Landscape Science, Villavägen 16, SE-75236 

Uppsala, Sweden; lars.hylander@hyd.uu.se 
 
Biochar, charcoal or similar matter obtained from pyrolysis of biomass, is receiving increased 
attention due to its use for carbon sequestration and soil conditioning. These properties have been 
convincingly demonstrated by the findings of several thousand years old, extremely fertile soils called 
terra preta made through addition of biochar to the meager ground of the rain forest in the 
Amazonian basin. Here we present an investigation of a unique Swedish terra preta. The area is a 
piece of farmland situated outside Uppsala, which inhabited charcoal kilns for about a decade 
seventy years ago. Due to residues from the kilns an area of 520 m2 holds high concentrations of 
charcoal. Interestingly, adjacent to the terra preta there is an area without coal but otherwise with 
the same soil and with the same history of cultivation. Samples from the terra preta and the area 
without coal were taken. The samples were analyzed with respect to the following parameters: bulk 
density of soil dried at 105̊C, soil grain size distribution of samples anne aled at 600 °C and sieved 
with sizes of 4mm, 2mm, 0.6mm, 0.2mm and 0.063mm., content of combustible matter by annealing 
at 600 °C, water quota, water retention and crop yield. The charcoal containing soil had about 40% 
lower density, about 25% more combustible matter and 150% higher water quota. The water 
accessibility for plants was elevated in the terra preta area but not where the highest concentration 
of charcoal was found. This was probably due to increased content of more coarse soil particles 
originating from sintering processes of the clay soil. The crop yield analysis did not show a significant 
difference between the terra preta and the adjacent original area, possibly due to the high content of 
sintered clay particles. 
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A soil quality test is available on http://www.agronet.fi/peltomaan_laatutesti to evaluate the quality 
of Finnish agricultural soils. The test examines chemical, physical and biological properties of soils, 
and thus, gives a comprehensive picture of soil quality. Soil quality means the capability of the soil to 
maintain its versatile processes, and produce good yields and wholesome food with minimum harm 
to the environment. The soil quality test is a tool for the farmers to manage their soils. It focuses on 
the most important factors determining soil quality. The test comprises of three parts: an evaluation 
of the farmer’s own farming practices, observations on the field, and additional measurements on 
the field. In addition, laboratory results of a soil fertility analysis are included. The test is valid on 
cultivated mineral soils. The first part of the test is an introspective questionnaire, which helps the 
farmer to assess the cultivation techniques, soil properties and vegetation on the investigated plot. 
The most important part of the test is observations about soil structure and biological processes. 
Observations are made on the field by looking and touching the soil with the help of exact 
instructions. Scores are given according to the observations. The third part is optional. It consists of 
simple measurements of soil physical and biological properties. Some special equipment is needed 
on this part, whereas the other parts can be done independently. The scores of the observations, the 
results of the optional measurements, and the results of the fertility analysis are saved on a form, 
and the same form gives the results. The results are scaled and illustrated in order to make them 
easily understandable. Finally, the test gives a list of proposed actions that the farmer can take in 
order to improve possible poor soil properties found by the test.  
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IN THE EYE OF THE BEHOLDER. SWEDISH RURAL TOURISM OPERATORS’ AND 
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György Ä. Bocz*, Stefan Pinzke and Christer Nilsson, *Swedish University of Agricultural Sciences, 

Department of Rural Buildings, P.O. Box 86, SE-23053 Alnarp, Sweden; g.a.bocz@slu.se 
 
Re-utilization of agricultural buildings for rural tourism (RT) is an area that is significantly expanding 
today. Buildings originally constructed for agricultural production, processing and housing are an 
essential part of most RT operations, both as a key resource and as a significant cost centre. This 
study compared the perceptions of RT operators about visitors’ opinions of buildings with visitors’ 
actual opinions and attempted to identify the building feature preferences of tourists. The empirical 
evidence was collected using a 0–4 grade Likert-scale questionnaire that was either internet-based or 
provided in printed form. The data provided by the questionnaires were analyzed by an Excel/SPSS-
based statistical research module in which Independent-Samples T-test and One Way ANOVA were 
used to compare the tourist and operator groups. The results showed that the RT operators 
misinterpreted how visitors view and experience reused buildings and the services therein. 
Comparison of aggregated tourism-related and building-related factors showed that operators and 
visitors both considered building-related factors to be of significantly high importance. Operators 
correctly believed that visitors view ‘atmosphere’ and ‘style/character’ as most important factors. 
Visitors found building technological factors to be less important. Consequently, the use of high-tech 
materials (e.g. insulation) and technology (e.g. computerized ventilation) are acceptable to visitors as 
long as the traditional character and atmosphere of rural buildings are retained. The results can be 
used to guide RT operators in building renovations/re-utilizations for their operations and to make 
financial savings. 
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FROM KITCHEN GARDENS TO PLEASURE GROUNDS – THE GARDEN FLORA OF 
PUU-KÄPYLÄ 

 
Leena Lindén* and Noora Nieminen, *University of Helsinki, Department of Agricultural Sciences, P.O. 

Box 27, FI-00014 Helsinki, Finland; leena.linden@helsinki.fi 
 
Puu-Käpylä (“Wooden Käpylä”), a neighborhood of Helsinki, is the earliest example of the Garden 
City Movement in Finland. The suburb was built between 1920 and 1925, with the aim to provide a 
healthy housing area for working-class families with many children. The houses were erected by a co-
operative and they are protected by the city plan since 1971. The aim of this study was to survey the 
garden flora of Puu-Käpylä and to evaluate the authenticity of the courtyard gardens. The survey 
covered the area of one residential quarter (1.2 ha) with 12 two-storey timber houses arranged 
around a common yard, which was originally appointed for the tenants’ vegetable gardens. Each flat 
is still allowed a small lot of the courtyard for cultivation. All perennial, ornamental plant taxa 
present in the quarter were registered during summer 2008. Generally, the plants were recorded on 
species level, with the exception of common lilacs, shrub roses, irises and peonies that were 
identified on cultivar level. The total number of recorded taxa was 172, of which 17 were trees, 47 
shrubs, 7 climbers and 101 herbaceous perennials. The results indicated that a major part of the 
shrubs, climbers and perennials presumably originated from the 1970’s or later, whereas ca. 70% of 
the trees were deemed as original. The study revealed a heritage form of common lilac as well as a 
few historical varieties of peony and iris. Well-preserved design elements included front gardens on 
one side of the quarter, a lane of maples on another side as well as trees at the garden gates. 
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Re-utilization of agricultural buildings for rural tourism (RT) is an area that is significantly expanding 
today. Buildings originally constructed for agricultural production, processing and housing are an 
essential part of most RT operations, both as a key resource and as a significant cost centre. This 
study compared the perceptions of RT operators about visitors’ opinions of buildings with visitors’ 
actual opinions and attempted to identify the building feature preferences of tourists. The empirical 
evidence was collected using a 0–4 grade Likert-scale questionnaire that was either internet-based or 
provided in printed form. The data provided by the questionnaires were analyzed by an Excel/SPSS-
based statistical research module in which Independent-Samples T-test and One Way ANOVA were 
used to compare the tourist and operator groups. The results showed that the RT operators 
misinterpreted how visitors view and experience reused buildings and the services therein. 
Comparison of aggregated tourism-related and building-related factors showed that operators and 
visitors both considered building-related factors to be of significantly high importance. Operators 
correctly believed that visitors view ‘atmosphere’ and ‘style/character’ as most important factors. 
Visitors found building technological factors to be less important. Consequently, the use of high-tech 
materials (e.g. insulation) and technology (e.g. computerized ventilation) are acceptable to visitors as 
long as the traditional character and atmosphere of rural buildings are retained. The results can be 
used to guide RT operators in building renovations/re-utilizations for their operations and to make 
financial savings. 
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COST EFFECTIVENESS OF RURAL DEVELOPMENT PROGRAMME INSTRUMENTS 
IN DENMARK 

 
Jørgen Dejgård Jensen*, Lars-Bo Jacobsen, Bjarne Madsen and Tommy Dalgaard, *Institute of Food 

and Resource Economics, University of Copenhagen, Faculty of Life Sciences, Rolighedsvej 25, 
DK-1958 Frederiksberg C, Denmark; jorgen@foi.dk 

 
The objective of this study is to investigate the cost-effectiveness of selected instruments of the 
Danish Rural Development Programme 2007–2013, which constitutes the Danish implementation of 
the EU Rural Development Programme under Pillar Two of the Common Agricultural Policy. The 
Programme aims to support sustainable economic growth and income diversification in rural areas 
(and in particular in economically vulnerable areas). The study combines different datasets and 
simulation models at farm level (register data, Farm Accountancy Data, farm sector model, run-off 
models, etc.), municipality level (micro-based “National Accounts” for municipalities, municipality 
economic model) and national level (national economic model), which enables analysis at a fairly 
detailed geographical level and hence to evaluate the spatially distributed effects of the considered 
policy instruments, while at the same time incorporating economic interactions between different 
geographical areas, via inter-regional trade, commuting and influences via prices and wages. In order 
to make results for different policy instruments comparable, we use the simulation models to assess 
the effects of a given amount of public support (e.g. 10 million €/year) for the respective 
instruments, and in turn assess the geographically distributed effects on farm income and 
employment, on production, value-added and employment in related upstream and downstream 
industries, on income and employment in the municipalities, and on a number of environmental 
indicators, such as land use, nitrogen run-off, pesticide use, etc. Results of the analysis suggest that 
some of the instruments in the programme have some of the desired effect on income and 
employment, but for most of the considered instruments, these effects are not particularly beneficial 
for the economically most vulnerable rural areas. 
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EVALUATION OF WOODCHIP MULCH AND DRIP IRRIGATION ON THE 
PRODUCTIVITY OF YOUNG SOUR CHERRY TREES 

 
Daina Feldmane, Latvia University of Agriculture, Agrobiotehnology institute, “Jaundāboliņi”, 

Baldone, LV-2125, Latvia; daina.feldmane@inbox.lv 
 
Drip irrigation is widely used in Westeurope. Positive influence of drip irrigation on sour cherry yield 
was observed in several investigations. Though there is no information about sour cherry cultivars 
grown in Latvia conditions and their response to the soil moisture treatments. Therefore the trial was 
established at the Latvia State Institute of Fruit Growing. The aim of the research was to determine 
the effect of woodchip mulch and drip irrigation on the yielding of sour cherry cultivars ‘Latvijas 
Zemais’, ‘Zentenes’, ‘Bulatnikovskaya’, ‘Desertnaya Morozovoi’, ‘Orlica’, ‘Shokoladnica’ and ‘Tamaris’. 
The yield, the fruit mass, and the fruit flesh mass were evaluated in order to characterize the 
productivity of sour cherries. The data were statistically processed using analysis of variance and 
Duncan’s test or Dunett T3 test for post hoc analysis. Woodchip mulch decreased the sour cherry 
yield in the first yielding year. Significant increase of the yield was observed in the second yielding 
year for the cultivars ‘Latvijas Zemais’, ‘Shokoladnica’ and ‘Desertnaya Morozovoi’ in the woodchip 
mulch variant. Drip irrigation had no significant influence in first yielding year but tended to increase 
the yield of the cultivars ‘Orlica’, ‘Tamaris’, ‘Zentenes’, ‘Bulatnikovskaya’ in the second growing year. 
Fruit mass and fruit flesh mass were not influenced by soil treatments.  
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COST EFFECTIVENESS OF RURAL DEVELOPMENT PROGRAMME INSTRUMENTS 
IN DENMARK 

 
Jørgen Dejgård Jensen*, Lars-Bo Jacobsen, Bjarne Madsen and Tommy Dalgaard, *Institute of Food 

and Resource Economics, University of Copenhagen, Faculty of Life Sciences, Rolighedsvej 25, 
DK-1958 Frederiksberg C, Denmark; jorgen@foi.dk 

 
The objective of this study is to investigate the cost-effectiveness of selected instruments of the 
Danish Rural Development Programme 2007–2013, which constitutes the Danish implementation of 
the EU Rural Development Programme under Pillar Two of the Common Agricultural Policy. The 
Programme aims to support sustainable economic growth and income diversification in rural areas 
(and in particular in economically vulnerable areas). The study combines different datasets and 
simulation models at farm level (register data, Farm Accountancy Data, farm sector model, run-off 
models, etc.), municipality level (micro-based “National Accounts” for municipalities, municipality 
economic model) and national level (national economic model), which enables analysis at a fairly 
detailed geographical level and hence to evaluate the spatially distributed effects of the considered 
policy instruments, while at the same time incorporating economic interactions between different 
geographical areas, via inter-regional trade, commuting and influences via prices and wages. In order 
to make results for different policy instruments comparable, we use the simulation models to assess 
the effects of a given amount of public support (e.g. 10 million €/year) for the respective 
instruments, and in turn assess the geographically distributed effects on farm income and 
employment, on production, value-added and employment in related upstream and downstream 
industries, on income and employment in the municipalities, and on a number of environmental 
indicators, such as land use, nitrogen run-off, pesticide use, etc. Results of the analysis suggest that 
some of the instruments in the programme have some of the desired effect on income and 
employment, but for most of the considered instruments, these effects are not particularly beneficial 
for the economically most vulnerable rural areas. 
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AGRICULTURE AND CULTURAL HERITAGE OF LATVIA 
 

Gunita Mazūre*, Dace Vīksne and Baiba Rivža, *Latvia University of Agriculture, Faculty of 
Economics, Svētes iela 18, Jelgava, LV-3001, Latvia; gunita.mazure@llu.lv 

 
Agriculture is an important basis for many nations’ culture and identity. The landscape and its 
cultural content add to understanding the life of former generations. This contributes to the identity 
and symbolic values of agriculture and the landscape. Agriculture is frequently simultaneously seen 
as a threat to and a caretaker of cultural heritage. The article focuses on the relation between 
agriculture and cultural heritage, namely the cultural heritage on environmental, agricultural, and 
tourism sectors. The intellectual and material culture in Latvia has developed concurrently with its 
cultural landscape. Therefore, it is important to preserve the landscape, the cultural and historic 
heritage as a precondition for sustainable development. A real threat to the present, still relatively 
rich natural environment and landscape of Latvia appears with the growing intensification of the 
economic activity. The research results show that the relationship between the primary production 
and the production of cultural values has numerous aspects: location – number of cultural-historical 
monuments in the farming landscape greatly depends on the geographical scope of farming 
activities; farming methods – kind of agricultural production and the methods used also contribute to 
the extent of cultural value production. The monographic descriptive method, methods of analysis 
and synthesis and the logical and constructive methods are used in the research to study the 
problem elements and synthesise coherencies or formulate regularities. The authors have concluded 
that tourism development is an efficient instrument that may help achieve the harmonious economic 
growth in connection with beneficial social recessions and helps ensure the protection and 
renovation of the natural and cultural assets. Undeniably, rural population is the bearer of an 
immaterial cultural heritage through its traditional knowledge of local farming and social history.
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USE OF SOURCES OF INFORMATION FOR DECISION-MAKING OF FARMERS 
CONCERNING FINANCING 

 
Anna Liljeström* and John Sumelius, *University of Helsinki, Department of Economics and 

Management, Finland; anna.liljestrom@helsinki.fi 
 
The aim of this paper was to find out what sources of information farmers use for their decision-
making in obtaining external funding. Which are the most common sources of information? What 
kind of information do farmers need when making decisions on financing? A questionnaire was sent 
out to 500 farmers below 65 years out of a random sample of 1300 Swedish- speaking farmers in 
three provinces in southern and western Finland. 165 farmers or 33% answered the questionnaire. 
The farmers seemed to use the newspapers published by the farmers’ unions, magazines and 
newspaper. Internet was used by 56% of the farmers in their professional work, but it seemed to be 
of less importance when the farmers were right in the process of making a decision. The farmers 
surveyed had a belief in the future. Over 80% of the farmers surveyed were in need of advisory 
services on finance matters in the near future. The advisory services need concerned normal bank 
loans, but also investment support, interest rate subsidy loans and generational change. Using the 
factor analysis method six factors were found that explain the importance of information in framers’ 
decision-making. These factors show that background variables like age, education and size of the 
farm influence the choices of sources of information that farmers use in their decision-making 
concerning financing. The results from correlation analysis indicated similar results as the factor 
analysis. One conclusion was that credit institutions should tailor their information according to 
customer segment. 
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Gunita Mazūre*, Dace Vīksne and Baiba Rivža, *Latvia University of Agriculture, Faculty of 
Economics, Svētes iela 18, Jelgava, LV-3001, Latvia; gunita.mazure@llu.lv 

 
Agriculture is an important basis for many nations’ culture and identity. The landscape and its 
cultural content add to understanding the life of former generations. This contributes to the identity 
and symbolic values of agriculture and the landscape. Agriculture is frequently simultaneously seen 
as a threat to and a caretaker of cultural heritage. The article focuses on the relation between 
agriculture and cultural heritage, namely the cultural heritage on environmental, agricultural, and 
tourism sectors. The intellectual and material culture in Latvia has developed concurrently with its 
cultural landscape. Therefore, it is important to preserve the landscape, the cultural and historic 
heritage as a precondition for sustainable development. A real threat to the present, still relatively 
rich natural environment and landscape of Latvia appears with the growing intensification of the 
economic activity. The research results show that the relationship between the primary production 
and the production of cultural values has numerous aspects: location – number of cultural-historical 
monuments in the farming landscape greatly depends on the geographical scope of farming 
activities; farming methods – kind of agricultural production and the methods used also contribute to 
the extent of cultural value production. The monographic descriptive method, methods of analysis 
and synthesis and the logical and constructive methods are used in the research to study the 
problem elements and synthesise coherencies or formulate regularities. The authors have concluded 
that tourism development is an efficient instrument that may help achieve the harmonious economic 
growth in connection with beneficial social recessions and helps ensure the protection and 
renovation of the natural and cultural assets. Undeniably, rural population is the bearer of an 
immaterial cultural heritage through its traditional knowledge of local farming and social history.
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TESTING FOR MORAL HAZARD AND RANKING FARMS BY THEIR INCLINATION 
TO COLLECT CROP DAMAGE COMPENSATIONS 

 
Sami Myyrä* and Kyösti Pietola, *Latokartanonkaari 9, FI-00790 Helsinki, Finland; 

sami.myyra@mtt.fi 
 
This paper tests for the extent of moral hazard problem within a Crop Damage Compensation (CDC) 
program that is similar to traditional multi peril crop insurances but is publicly funded and openly 
accessible for all farmers in Finland. We further estimate the potential of using the observed farmer 
and farm characteristics in ranking and classifying farms according to their incidence towards losses 
when they are protected. The data are the claimed and granted indemnity payments for each farm 
over the fifteen year period of 1995–2009. Total farm population including those farms not faced any 
crop damages exceeding 30% deductible are collected from MARE register. Total farm population is a 
cross-section data dated 2005. The data suggest that most of the farmers (60%) have not made any 
claims in the program over the 15 year period. Those farms that claimed compensation did so 
typically either once or twice within the 15 year period. Nevertheless, a substantial number of 
farmers have claimed and also granted indemnity payments more regularly than can be justified by 
the exogenous (aggregate level) yield distributions. Based on used logit models farmers and farms 
with certain observed characteristics are more inclined to the losses than the others. In general 
presence of animals lowers the probability of crop damage (P<0.001). Intensive animal husbandries 
increase incentives to harvest a good roughage yields on the farm. However, the existence of 
different animals on the farm classifies the farms by their inclination to collect crop damage 
compensations. In addition, the fixed municipality effects are significant (P<0.001) indicating that the 
persons in charge for appraising the losses implement different standards. 
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IMPACTS OF THE COMMON AGRICULTURAL POLICY ON THE DEVELOPMENT 
NEEDS OF CO-OPERATIVES AND ADVISORY SERVICES – A CASE STUDY AMONG 

FARMERS IN LOPPI IN SOUTHERN FINLAND 
 

Shimelles Tenaw* and John Sumelius, *University of Helsinki, Department of Economics and 
Management, Finland; shimelles.tenaw@helsinki.fi 

 
The purpose of this paper is to investigate how the membership of EU and CAP has affected the 
development needs of agricultural co-operatives and advisory services as well as their current needs 
from grassroots level point of view involving two farmers’ populated villages in the municipality of 
Loppi in southern Finland. How can the new co-operatives through systematic learning and training 
can be used as a means to diversify the income of the farmers? The following points were 
investigated in detail: 1) how the farmers experience their situation; 2) what other alternatives are 
available on their farms; 3) what services do the new co-operatives offer to the farmers; 4) how 
could the agricultural advisory services be intensified 5) how learning through a specific training 
course about the new co-operatives could benefit farmers. A sample of 281 active farmers was sent 
questionnaires with a response rate of 38%. The results showed that respondents were mostly 
familiar with the objectives of the CAP although more than two-thirds of the respondents were of 
the opinion that the net benefits of CAP was rather negative than positive. Rural and agricultural 
advisory organisations seem to play a very active role in disseminating information on matters 
concerning the EU. On the other hand, surprisingly enough the role of the co-operative dairies was 
smaller than could have been expected. There was not sufficient training, advisory programmes or 
financial support for other modes of entrepreneurship than agriculture available to the farmers in 
the sample areas. The majority of these large-scale farmers had obtained loans for practising 
secondary occupations. Development at the local level and interaction among the target groups, 
decision-makers and researchers is of primary importance in gathering information so as to pinpoint 
the potential human or natural resources which could bolster the sustainable development of 
agriculture and the rural areas. 
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This paper tests for the extent of moral hazard problem within a Crop Damage Compensation (CDC) 
program that is similar to traditional multi peril crop insurances but is publicly funded and openly 
accessible for all farmers in Finland. We further estimate the potential of using the observed farmer 
and farm characteristics in ranking and classifying farms according to their incidence towards losses 
when they are protected. The data are the claimed and granted indemnity payments for each farm 
over the fifteen year period of 1995–2009. Total farm population including those farms not faced any 
crop damages exceeding 30% deductible are collected from MARE register. Total farm population is a 
cross-section data dated 2005. The data suggest that most of the farmers (60%) have not made any 
claims in the program over the 15 year period. Those farms that claimed compensation did so 
typically either once or twice within the 15 year period. Nevertheless, a substantial number of 
farmers have claimed and also granted indemnity payments more regularly than can be justified by 
the exogenous (aggregate level) yield distributions. Based on used logit models farmers and farms 
with certain observed characteristics are more inclined to the losses than the others. In general 
presence of animals lowers the probability of crop damage (P<0.001). Intensive animal husbandries 
increase incentives to harvest a good roughage yields on the farm. However, the existence of 
different animals on the farm classifies the farms by their inclination to collect crop damage 
compensations. In addition, the fixed municipality effects are significant (P<0.001) indicating that the 
persons in charge for appraising the losses implement different standards. 
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FARM HOUSEHOLD EFFICIENCY IN BANGLADESH: THE ROLE OF 
MICROFINANCE REVISITED 

 
K. M. Zahidul Islam* and John Sumelius, *University of Helsinki, Department of Economics and 

Management, Finland; zahidul.islam@helsinki.fi 
 
This paper empirically examines the technical, economic and allocative efficiency of agricultural 
microfinance borrowers and non-borrowers in rice farming in Bangladesh using Data Envelopment 
Analysis (DEA) of survey data obtained in 2009. In addition to that, this paper applies a non-
discretionary DEA model to investigate the effect of strictly monitored and administered 
microfinance program on farms’ production and cost efficiency. The applicability of the model is 
illustrated with the real farm level data collected from 360 rice farms. Model diagnostic reveal that 
serious selection bias exists that justifies the use of a sample selection framework in the 
determinants of inefficiency model. The mean technical, allocative, and economic efficiencies are 
found to be 72%, 66%, and 47% respectively in the pooled sample under variable returns to scale 
specification. This indicates the existence of substantial gains in output and/or decreases in cost in 
the study areas. Results reveal that after effectively correcting for sample selection bias, land 
fragmentation, family size, higher consumption expenditure, on farm-training and off–farm income 
share are the main determinants of inefficiency. Efficiency scores between microfinance borrowers 
and non–borrowers are significantly different which are also conformed by the non–discretionary 
DEA model. Comparing the results of non-discretionary model that takes into account the effect of 
external non-discretionary inputs, with a formulation that only accounts for discretionary inputs, 
shows that efficiency estimates improves in the presence of external non-discretionary factor. It is 
thus evident that non-discretionary factors in relative efficiency analyses are such factors-although 
uncontrollable by the DMUs-still impacts the relative efficiency rankings. This study also revealed 
that excess costs owing to inefficiencies were 53% and concludes that main challenge facing the rice 
farmers in Bangladesh is to develop their cost minimizing skills. Farm-specific recommendations to 
improve the performance of the farms as well as the implications of microfinance on efficiency are 
also discussed. 
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FACTORS AFFECTING OCCUPATIONAL SAFETY AND HEALTH OF FOREIGN 
FARM WORKERS 

 
Tiina E. A. Mattila, Kim O. Kaustell*, A.-M. Heiberg and R. H. Rautiainen, *MTT Agrifood Research 

Finland, Latokartanonkaari 9, FI-00790 Helsinki, Finland; kim.kaustell@mtt.fi 
 
In Nordic countries, an increasing amount of farm work is done by foreign workers. Finland had 
about 15 000, and Norway as many as 27 000 foreign farm workers in 2007. Agriculture is one of the 
most hazardous industries worldwide, and many studies have concluded that foreign workers have 
higher risk for occupational injuries than native workers. Both an employer and employees should act 
together in maintaining and improving safety on the farm. Open dialog and co-operation are the 
bases of farm safety. However, short employment periods, insufficient language skills, unfamiliarity 
with agricultural work and health and safety rules, new production methods, different attitudes 
towards safety, different management cultures and social stress might make communication and co-
operation quite challenging. We used diaries (n=14) and interviews of foreign farm workers (n=54) to 
identify factors that affect health and safety and what can be done to help farmers and foreign 
workers to improve the situation. Our results support the counclusions of earlier studies. 
Communication had stumbling stones like very diverse attitudes towards safety among workers, an 
unclear role of safety as the responsibility of each individual, lack of language skills, work experience 
and awereness of safety hazards, as well as shyness and cultural differences leading to 
misunderstandings and underreporting of incidents. Homesickness was as a special stress factor 
among foreign workers. Making money as a first priority can also compromise safety. A common 
practise of experienced workers guiding and training newcomers can be good if accordance with safe 
working procedures is monitored and supported by an employer. Other conclusions were that tools, 
materials and practices that activate discussion about health and safety should be provided for 
agricultural work places. Supporting the well-being of workers in general, including efforts to ease 
homesickness, may have a positive effect on safety as well. 
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This paper empirically examines the technical, economic and allocative efficiency of agricultural 
microfinance borrowers and non-borrowers in rice farming in Bangladesh using Data Envelopment 
Analysis (DEA) of survey data obtained in 2009. In addition to that, this paper applies a non-
discretionary DEA model to investigate the effect of strictly monitored and administered 
microfinance program on farms’ production and cost efficiency. The applicability of the model is 
illustrated with the real farm level data collected from 360 rice farms. Model diagnostic reveal that 
serious selection bias exists that justifies the use of a sample selection framework in the 
determinants of inefficiency model. The mean technical, allocative, and economic efficiencies are 
found to be 72%, 66%, and 47% respectively in the pooled sample under variable returns to scale 
specification. This indicates the existence of substantial gains in output and/or decreases in cost in 
the study areas. Results reveal that after effectively correcting for sample selection bias, land 
fragmentation, family size, higher consumption expenditure, on farm-training and off–farm income 
share are the main determinants of inefficiency. Efficiency scores between microfinance borrowers 
and non–borrowers are significantly different which are also conformed by the non–discretionary 
DEA model. Comparing the results of non-discretionary model that takes into account the effect of 
external non-discretionary inputs, with a formulation that only accounts for discretionary inputs, 
shows that efficiency estimates improves in the presence of external non-discretionary factor. It is 
thus evident that non-discretionary factors in relative efficiency analyses are such factors-although 
uncontrollable by the DMUs-still impacts the relative efficiency rankings. This study also revealed 
that excess costs owing to inefficiencies were 53% and concludes that main challenge facing the rice 
farmers in Bangladesh is to develop their cost minimizing skills. Farm-specific recommendations to 
improve the performance of the farms as well as the implications of microfinance on efficiency are 
also discussed. 
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NORWEGIAN FARMERS CEASING CERTIFIED ORGANIC PRODUCTION: 
CHARACTERISTICS AND REASONS 

 
Ola Flaten*, Gudbrand Lien, Matthias Koesling and Anne-Kristin Løes, *Norwegian Agricultural 

Economics Research Institute, P.O. Box 8024 Dep., N-0030 Oslo, Norway; ola.flaten@nilf.no 
 
This article examines the characteristics of and reasons for Norwegian farmers’ ceasing or planning to 
cease certified organic production. We gathered cross-sectional survey data in late 2007 from 
organic farmers deregistering between January 2004 and September 2007 (n=220), and similar data 
from a random sample of farmers with certified organic management in 2006 (n=407). Of the 
respondents deregistering by November 2007, 17% had quit farming altogether, 61% now farmed 
conventionally, and 21% were still farming by organic principles, but without certification. Nearly one 
in four organic farmers in 2007 indicated that they planned to cease certification within the next 5–
10 years. From the two survey samples, we categorised farmers who expect to be deregistered in 5–
10 years into three groups: conventional practices (n=139), continuing to farm using organic 
principles (uncertified organic deregistrants, n=105), and stopped farming (n=33). Of the numerous 
differences among these groups, two were most striking: the superior sales of uncertified organic 
deregistrants through consumer-direct marketing and the lowest shares of organic land among 
conventional deregistrants. We summarised a large number of reasons for deregistering into five 
factors through factor analysis: economics, regulations, knowledge-exchange, production, and 
market access. Items relating to economics and regulations were the primary reasons offered for 
opting out. The regression analysis showed that the various factors were associated with several 
explanatory variables. Regulations, for example, figured more highly among livestock farmers than 
crop farmers. The economic factor strongly reflected just a few years of organic management. Policy 
recommendations for reducing the number of dropouts are to focus on economics, environmental 
attitudes, and the regulatory issues surrounding certified organic production. 
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SCHOOL GARDENS – NURTURING FUTURE FOOD PRODUCERS 
 

Anita Land* and Kirsty McKinnon, *Bioforsk Organic Food and Farming Division, Gunnars vei 6, 
N-6630 Tingvoll, Norway; anita.land@bioforsk.no 

 
A school garden is a most extraordinary classroom and also a good arena for training future food 
producers, gourmets and environmentalists. After a long period of decline, interest in school gardens 
is now increasing. New arguments have been added underlining the value of small garden production 
and education in school gardens. Gardening skills in general and food producing skills in particular 
have been declining. There is a need for reestablishing school gardens and the knowledge of 
producing food. Bioforsk Organic Food and Farming at Tingvoll, Norway, has developed a platform 
for using school gardens as an educational resource. Not only gardening skills can be taught in a 
garden. A teacher may also teach mathematics, home economics, biology etc. Our web page, 
www.skolehagen.no, presents several practical examples to inspire Norwegian teachers. The 
examples are all based on our national school curriculum and adapted to the age of the pupils. As 
well as developing and running our own research garden advisers at Bioforsk Organic help schools all 
over Norway to establish and run their own school gardens. This advisory and development work is 
funded by local and regional authorities. In 2010 the Norwegian Broadcasting Corporation (NRK) 
decided to follow a school class during a season in the school garden. Their recordings will be 
presented as ten short television programs this summer (2011). The project was jointly funded by 
NRK and Bioforsk Organic. The Research Council of Norway supported Bioforsk Organic’s 
participation through a program aiming to promote pupils’ interest in biology and mathematics. 
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This article examines the characteristics of and reasons for Norwegian farmers’ ceasing or planning to 
cease certified organic production. We gathered cross-sectional survey data in late 2007 from 
organic farmers deregistering between January 2004 and September 2007 (n=220), and similar data 
from a random sample of farmers with certified organic management in 2006 (n=407). Of the 
respondents deregistering by November 2007, 17% had quit farming altogether, 61% now farmed 
conventionally, and 21% were still farming by organic principles, but without certification. Nearly one 
in four organic farmers in 2007 indicated that they planned to cease certification within the next 5–
10 years. From the two survey samples, we categorised farmers who expect to be deregistered in 5–
10 years into three groups: conventional practices (n=139), continuing to farm using organic 
principles (uncertified organic deregistrants, n=105), and stopped farming (n=33). Of the numerous 
differences among these groups, two were most striking: the superior sales of uncertified organic 
deregistrants through consumer-direct marketing and the lowest shares of organic land among 
conventional deregistrants. We summarised a large number of reasons for deregistering into five 
factors through factor analysis: economics, regulations, knowledge-exchange, production, and 
market access. Items relating to economics and regulations were the primary reasons offered for 
opting out. The regression analysis showed that the various factors were associated with several 
explanatory variables. Regulations, for example, figured more highly among livestock farmers than 
crop farmers. The economic factor strongly reflected just a few years of organic management. Policy 
recommendations for reducing the number of dropouts are to focus on economics, environmental 
attitudes, and the regulatory issues surrounding certified organic production. 
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Maria Wivstad*, Karin Ullvén and Pelle Fredriksson, *EPOK – Centre for Organic Food and Farming, 
SLU, P.O. Box 7043, SE-75007 Uppsala, Sweden; maria.wivstad@slu.se 

 
EPOK – Centre for Organic Food and Farming was established during 2010 at the Swedish University 
of Agricultural Sciences (SLU) with the tasks to compile knowledge, coordinate research and 
education and promote dialogue. EPOK serves as a meeting point for researchers, advisors, farmers, 
policy makers, agrifood industry and NGOs and functions as a hub for knowledge transfer concerning 
organic production and consumption. The communication activities aim to contribute with well-
documented knowledge from different perspectives to promote a sustainable development in 
organic food production systems, for example by providing decision support and in-depth knowledge 
to policy makers, to promote the dialogue between researchers and society and to contribute to 
more effective research dissemination. Research coordination and initiation activities aim to ensure 
that the research in organic food and farming is relevant and of high quality. Coordination and 
initiation activities will also promote cooperation and interdisciplinary research as well as intensified 
international interactions. Educational coordination and initiation aim to ensure that SLU offers high 
quality education on organic farming at all educational levels. A steering group with representatives 
from three of the SLU faculties leads EPOK. The daily activities are carried out by a team with a 
manager and two communication officers. In addition, from the spring 2011, there are six active 
researchers part time assigned to be involved in EPOK activities. Each of them represent a prioritized 
subject area: Organic Pig and Poultry Production; Plant Nutrition Management and Plant-Animal 
Integration; Plant Protection in Organic Farming; Organic Food Quality; Farm Economy in Organic 
Production, and; System Analysis of Production Systems. 
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SWEDISH RESEARCH ON ORGANIC FARMING 
 

Maria Wivstad, EPOK — Centre for Organic Food and Farming, Department of Crop Production 
Sciences, Swedish University of Agricultural Sciences, P.O. Box 7043, SE-75007 Uppsala, Sweden; 

maria.wivstad@slu.se 
 
The Centre for Organic Food and Farming (EPOK) at the SLU is an association of cooperation between 
researchers and other parties within the field of organic farming and food chain. EPOK coordinates 
and initiates research covering a wide range of research topics with relevance for organic farming. 
Research on organic farming is to a large extent funded by research funders that have directed calls 
for research on organic food systems. These funders are the Swedish Research Council Formas, the 
Swedish Board of Agriculture and SLUEkoforsk (”Org-research”). Furthermore, the Swedish Farmers’ 
Foundation for Agricultural Research is funding research relevant for organic farming. Present and 
recent research activities cover a wide range of topics. Animal health and welfare issues especially in 
organic pig and poultry production systems are high research priorities. Another important task is to 
optimise production and improve cultivation stability of protein feed crops, and also to find new feed 
protein sources. The potential for effective production based on high quality forage is one central 
research topic in dairy production. Effective weed control, not the least of perennial weed species is 
another research focus. Pest and disease control with biological and preventive methods is a strong 
research area. The potential for conservation biological control is of high interest together with 
related research on effects of organic farming on biological diversity and ecosystem services on 
landscape level. A number of research projects are conducted on how to achieve high nutrient use 
efficiency of organic fertilisers, manure as well as a wide range of rest-products from society. Timing 
of fertiliser nutrient release in relation to crop nutrient needs to avoid environmental harmful 
emissions is one challenge.  
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EPOK – Centre for Organic Food and Farming was established during 2010 at the Swedish University 
of Agricultural Sciences (SLU) with the tasks to compile knowledge, coordinate research and 
education and promote dialogue. EPOK serves as a meeting point for researchers, advisors, farmers, 
policy makers, agrifood industry and NGOs and functions as a hub for knowledge transfer concerning 
organic production and consumption. The communication activities aim to contribute with well-
documented knowledge from different perspectives to promote a sustainable development in 
organic food production systems, for example by providing decision support and in-depth knowledge 
to policy makers, to promote the dialogue between researchers and society and to contribute to 
more effective research dissemination. Research coordination and initiation activities aim to ensure 
that the research in organic food and farming is relevant and of high quality. Coordination and 
initiation activities will also promote cooperation and interdisciplinary research as well as intensified 
international interactions. Educational coordination and initiation aim to ensure that SLU offers high 
quality education on organic farming at all educational levels. A steering group with representatives 
from three of the SLU faculties leads EPOK. The daily activities are carried out by a team with a 
manager and two communication officers. In addition, from the spring 2011, there are six active 
researchers part time assigned to be involved in EPOK activities. Each of them represent a prioritized 
subject area: Organic Pig and Poultry Production; Plant Nutrition Management and Plant-Animal 
Integration; Plant Protection in Organic Farming; Organic Food Quality; Farm Economy in Organic 
Production, and; System Analysis of Production Systems. 
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The programme “SLU EkoForsk” was initiated by the University of Agricultural Sciences in 2002. The 
intention is to support research projects aiming at improving the knowledge base for the 
development of organic production in Sweden. Calls for research proposals have been announced in 
2002, 2004, 2007 and 2010. Projects receiving funding should contribute to the development of a 
more sustainable production in terms of environment, animal welfare, resource management, 
income level and productivity. Projects should have apparent relevance for organic production within 
the agricultural and horticultural sectors. In the framework for research in organic production and 
consumption, 2010–2012, compiled by the Centre for Sustainable Agriculture, SLU, (CUL 2010, 
http://www.slu.se/Documents/externwebben/centrumbildningar-projekt/epok/Publikationer/frame
prog_10-12.pdf), four areas within the development of the organic sector were highlighted: climate, 
energy, sustainable food systems and market. Achieving improved knowledge in these areas is 
important regardless of production system, thus promoting sustainability within the entire 
agricultural sector. In the forth call, SLU EkoForsk gave priority to projects within organic production 
leading to: 1) improved nutrient management and low losses, 2) improved energy efficiency and 
reduced climate impact, 3) improved ability to manage weeds, diseases and pests, 4) an animal 
production which increases the possibility of combining good animal welfare and healthy animals 
with good profitability and secure working environment, 5) improved utilization of local conditions 
for production of feed and food. Projects presented in the poster runs during 2011–2013. All funded 
projects are presented at http://www.slu.se/ekoforsk/. 
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Bioforsk is a research institute under the Norwegian Ministry of Agriculture and Food. Main activities 
are research, development projects, knowledge dissemination and governance support. The institute 
has 450 employees and seven divisions, spread around the country. The Organic Food and Farming 
division with 33 employees is at Tingvoll, mid-Norway. Altogether about 50 Bioforsk-employees 
participate in organic research and development (R&D), coordinated by the Organic division. For 
coordination, seven working groups cover plant nutrition, plant health, animal husbandry, cereal and 
protein crops, fruits and berries, vegetables and potatoes, and food and marketing. Recent research 
activities include evaluating sustainability in organic milk production; soil losses of N2O effected by 
manure and drainage; soil impacts of manure digestion (for biogas); safety risks in biogas digestate 
(bacteria, heavy metals, pesticide residues); earthworm ecology; soil tillage and timing of ley 
establishment to control docks; strawberry weevils controlled by volatile baited traps; milk quality by 
different feeding strategies (clover content, diversity of ley); sheep resistance towards ticks; ecology 
and management of red deer; efficiency of green manures as fertilizers for cereals; appropriate crops 
for combined edible oil and protein feed production; vegetable quality effected by manure 
application and Nordic climate; and strategies to introduce organic food in school meals. We 
participate in several international projects, especially within the CORE Organic network. Recent 
development projects include guidance of strawberry and raspberry growers, and support during the 
conversion of several large kitchens. Tingvoll farm has an organic dairy herd utilized for research, a 
demonstration garden, and a centre for renewable energy. Read more at www.bioforsk.no/okologisk 
and www.agropub.no. The organic R&D activities within Bioforsk support the public aim in Norway 
that 15% of the food production and consumption shall be organic by 2020. By January 2010, 2851 
farms and 5.6% of the farmland was organic (including conversion).  
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The programme “SLU EkoForsk” was initiated by the University of Agricultural Sciences in 2002. The 
intention is to support research projects aiming at improving the knowledge base for the 
development of organic production in Sweden. Calls for research proposals have been announced in 
2002, 2004, 2007 and 2010. Projects receiving funding should contribute to the development of a 
more sustainable production in terms of environment, animal welfare, resource management, 
income level and productivity. Projects should have apparent relevance for organic production within 
the agricultural and horticultural sectors. In the framework for research in organic production and 
consumption, 2010–2012, compiled by the Centre for Sustainable Agriculture, SLU, (CUL 2010, 
http://www.slu.se/Documents/externwebben/centrumbildningar-projekt/epok/Publikationer/frame
prog_10-12.pdf), four areas within the development of the organic sector were highlighted: climate, 
energy, sustainable food systems and market. Achieving improved knowledge in these areas is 
important regardless of production system, thus promoting sustainability within the entire 
agricultural sector. In the forth call, SLU EkoForsk gave priority to projects within organic production 
leading to: 1) improved nutrient management and low losses, 2) improved energy efficiency and 
reduced climate impact, 3) improved ability to manage weeds, diseases and pests, 4) an animal 
production which increases the possibility of combining good animal welfare and healthy animals 
with good profitability and secure working environment, 5) improved utilization of local conditions 
for production of feed and food. Projects presented in the poster runs during 2011–2013. All funded 
projects are presented at http://www.slu.se/ekoforsk/. 
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Organic food is on the agenda in Nordic countries, supported by ambitious public aims for organic 
production and consumption. Public institutions increasingly acknowledge their responsibility as 
conscious consumers, and may influence the market notably as they serve large food volumes. This 
paper presents knowledge obtained during several projects in the field of public organic food 
procurement (POP). School meals are important for children’s health and well-being. In the 
international research project “innovative Public Organic food Procurement for Youth” (iPOPY, 2007–
10), policies and instruments to support organic food serving in public settings aimed at young 
people were studied. Five European countries with highly different traditions for the serving of 
school meals were compared: Denmark, Finland, Norway, Germany and Italy. Italy has a remarkably 
high organic share, 40% by weight (BW), achieved via ambitious public regulations and adapted calls 
for tenders. Organic food in schools should be embedded as a whole school approach. Sustainable 
development is a general educational aim, and organic food in schools has a large potential to 
contribute in the teaching of sustainability. Supporting the conversion of large kitchens to serve 
(some) organic food has been an important means to develop the organic market. In Norway, St Olav 
University Hospital and the Norwegian Defense are important examples. The hospital kitchen 
converted their kitchen during 2002–06 and achieved an organic share of about 30% BW, mainly 
dairy products, eggs, bread, and locally produced vegetables and potatoes. By 2010, the share is still 
significant. Based on a regional test project where an organic share of 15% was obtained in four 
canteens, the Norwegian Defense now aims to serve 15% organic food in 2012. In both cases, 
embedding the decision among all kitchen staff by educating them about the principles of food 
production was very important.  
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Beginning January 2011 eleven new organic projects have been launched under the Danish Organic 
Green Development and Demonstration Programme (GDDP), Organic RDD. The programme has 
three main themes: Growth, Integrity and Robust Systems. Organic RDD has been established with 
the aim of creating a coherent research, development and demonstration effort. Projects are 
designed in order to most effectively solve the challenges in the chain from research to adoption of 
new knowledge and innovative technology. It is a combination of projects that in the short term 
integrate product development and on the long term also knowledge building and dissemination in 
primary production, processing and marketing. A number of the projects contain elements of 
commercialization of products and have market-oriented initiatives. Others are directed more 
towards primary production. Compared to previous research, the new projects have even greater 
focus on practical application through the link between research, development and demonstration, 
and direct involvement of stakeholders (advisory service, companies and farmers) as partners in 
projects. Titles of the new organic projects are: 1. New market perspectives using herbs and Berries 
in organic Meat production (BERRYMEAT), 2. Superb and Marketable Meat from Efficient and Robust 
animals (SUMMER), 3. Danish Fruit and berries: Novel organic solutions securing future Growth 
(FruitGrowth), 4. Roots and Compost – organic crop production under reduced nutrient availability 
(RoCo), 5. Multicriteria assessment and communication of effects of organic food systems (MULTI-
TRUST), 6. Ecosystem functions and Services of biodiversity in grasslands (EcoServe), 7. Higher 
productivity in Danish arable Crop production (HighCrop), 8. Organic pig production 2014 – without 
Castration (NO-CAST), 9. Parasites in Organic Livestock: innovative solutions to new challenges 
(PAROL), 10. Integrated larvae production for feed in organic egg production (BIOCONVAL), and 11. 
Influence of probiotics and feed on organic rainbow trout health (OPTIFISH). The Organic RDD 
programme is coordinated by ICROFS. 
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Organic food is on the agenda in Nordic countries, supported by ambitious public aims for organic 
production and consumption. Public institutions increasingly acknowledge their responsibility as 
conscious consumers, and may influence the market notably as they serve large food volumes. This 
paper presents knowledge obtained during several projects in the field of public organic food 
procurement (POP). School meals are important for children’s health and well-being. In the 
international research project “innovative Public Organic food Procurement for Youth” (iPOPY, 2007–
10), policies and instruments to support organic food serving in public settings aimed at young 
people were studied. Five European countries with highly different traditions for the serving of 
school meals were compared: Denmark, Finland, Norway, Germany and Italy. Italy has a remarkably 
high organic share, 40% by weight (BW), achieved via ambitious public regulations and adapted calls 
for tenders. Organic food in schools should be embedded as a whole school approach. Sustainable 
development is a general educational aim, and organic food in schools has a large potential to 
contribute in the teaching of sustainability. Supporting the conversion of large kitchens to serve 
(some) organic food has been an important means to develop the organic market. In Norway, St Olav 
University Hospital and the Norwegian Defense are important examples. The hospital kitchen 
converted their kitchen during 2002–06 and achieved an organic share of about 30% BW, mainly 
dairy products, eggs, bread, and locally produced vegetables and potatoes. By 2010, the share is still 
significant. Based on a regional test project where an organic share of 15% was obtained in four 
canteens, the Norwegian Defense now aims to serve 15% organic food in 2012. In both cases, 
embedding the decision among all kitchen staff by educating them about the principles of food 
production was very important.  
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Literature sources show that for specialists demand prognostication could be used mathematical-
economical and sociological methods. Mathematical-economical methods are more useful for 
prognostication of quantitative indicators and sociological – for qualitative changes. Some authors 
consider all problems of specialists demand and supply regulation in modern society uniquely and 
reliably could be solved by labour market. Others consider that process of identification of gaps in 
specialist’s number, education level and abilities and its retraining requires too much time, additional 
human and financial resources from both: persons and society sides. Authors of this paper prepared 
three levels specialists demand prognostication model, including mathematical-economical (using 
statistical data) and both: macro (using results of questioning) and micro (using results of questioning 
and interview) level sociological prognostication methods. This model allow all levels prognoses 
providers to check themselves results and in case of necessity to correct them. Regularly provided 
prognostication, checking and correcting gained indicators and used methods should allow to 
understand more better processes in labour market and its tendencies, to foresee demand of 
specialists for agriculture and rural development in nearest 5 and 10 years from point of view of their 
number, educational level and skills, to prepare state and regional levels strategies and programs for 
development of education systems for first diploma obtaining and life long learning, should allow to 
clarify requirements for specialists knowledge, abilities and skills of various levels of education and 
should provide more light for young people and unemployed persons, who are planning their career 
in economical and cultural environment of dynamic society. 
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This presentation is focusing on the challenges in developing agriculturally-based bioenergy, bringing 
together issues of agricultural development and rural development. Although there are both political 
ambitions and technical solutions for producing bioenergy from crops and manure, only a minor 
share of the potential production has been realized. In this presentation, we link issues of technology 
and the multifunctionalities of bioenergy systems, with issues of spatial planning and rural 
development. Two main questions are discussed. The first addresses the institutional barriers in the 
establishment of agriculturally based bioenergy production in Sweden. The second question focuses 
on the institutional factors that influence the local rural development effects from agriculturally-
based bioenergy. In what ways do alternative bioenergy systems offer local entrepreneurship 
opportunity, stimulate collaboration among famers and other actors, and influence local actors’ 
ownership and learning? What are the implications of different systems for landscape and activities 
related to landscape use? How do the identified institutional barriers relate to our understanding of 
rurality in the Swedish welfare state project?  
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three levels specialists demand prognostication model, including mathematical-economical (using 
statistical data) and both: macro (using results of questioning) and micro (using results of questioning 
and interview) level sociological prognostication methods. This model allow all levels prognoses 
providers to check themselves results and in case of necessity to correct them. Regularly provided 
prognostication, checking and correcting gained indicators and used methods should allow to 
understand more better processes in labour market and its tendencies, to foresee demand of 
specialists for agriculture and rural development in nearest 5 and 10 years from point of view of their 
number, educational level and skills, to prepare state and regional levels strategies and programs for 
development of education systems for first diploma obtaining and life long learning, should allow to 
clarify requirements for specialists knowledge, abilities and skills of various levels of education and 
should provide more light for young people and unemployed persons, who are planning their career 
in economical and cultural environment of dynamic society. 
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Soya bean (Glycine max) is one of the major crops of the world. USA, Brazil and Argentina are main 
producers. The major use of soya bean is for animal feed in USA and Europe. In Sweden, soya beans 
have been tried in field experiments as early as in the 1940’s. During the 1950–1970’s a seed 
propagation program was carried out resulting in well-known varieties such as FISKEBY V and TRÄFF. 
Today, soya bean cropping is again in focus due the interest of regionally and locally produced feed 
for milking cows. The ethical and climatically problems with imported soya from S America enhances 
the interest in a Swedish production. Pioneer experiments in 2006–2009 have shown a potential for 
production of soya in S Sweden with typical yields of 1.5 tonnes ha-1. A handful of farmers have tried 
soya cropping and their experiences have pinpointed important questions that need to be studied. In 
an ongoing 3-year project we study seeding time, suitable crop varieties and some basic features of a 
Swedish soya cropping. Yields amount to 1–2 tonnes ha-1 and varieties such as BOHEMIA, TUNDRA, 
SL and SILESIA seems promising. Row distance of 12.5–50 cm can be used and seeding should take 
place in mid May to mid June. Harvest is generally conducted in late Sept. but can be carried out as 
late as in Nov. or Dec. if frost allows machines to operate in field. Generally, crude protein content of 
Swedish grown soya bean amount to 40%, but has in some case amounted to 42.7%. A Swedish soya 
production opens a market for domestically produced protein feed and food that until today hasn’t 
been possible. 
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Impacts of climate change on crop growth and soil-water balance in Mediterranean region of Turkey 
were simulated using climate projections of Canadian Global Coupled Model (CGCM2) and Center for 
Climate System Research-National Institute for Environmental Studies-Japan (CCSR-NIES). Climate 
change effects on wheat and maize development were predicted using the SWAP model. Water 
balance components of bare soils were quantified using the E-DiGOR model. Increases in biomass 
under a doubling CO2 concentration for current climate were 22 and 6% for wheat and second crop 
maize; however, these increases were counteracted by temperature rises of 3 and 1 oC for the crops, 
respectively. Without CO2-fertilization effect, wheat biomass was projected to decrease by 24 and 9% 
according to the CGCM2 and CCSR-NIES, respectively, during the 2070–2079 period when compared 
with 1994–2003. When CO2-fertilization effects were considered, wheat biomass decreased (by 4%) 
based on the CGCM2, but increased (by 13%) based on the CCSR-NIES. Maize biomass was predicted 
to decrease by 4 to 25% according to both climate models regardless of the CO2-fertilization effect. 
Growth duration for wheat in the future would be 24 and 21 days shorter than before based on the 
CGCM2 and CCSR-NIES, respectively. Growth period for maize was shortened by 9 days according to 
both models. Irrigation demand was estimated to increase for wheat and decrease for maize. 
Potential soil evaporation was projected to increase, whereas actual soil evaporation and drainage 
losses were predicted to decrease. We conclude that crop-growth simulations give rise to 
complicated results as a consequence of different photosynthesis rates and temperature rises in the 
future. 
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propagation program was carried out resulting in well-known varieties such as FISKEBY V and TRÄFF. 
Today, soya bean cropping is again in focus due the interest of regionally and locally produced feed 
for milking cows. The ethical and climatically problems with imported soya from S America enhances 
the interest in a Swedish production. Pioneer experiments in 2006–2009 have shown a potential for 
production of soya in S Sweden with typical yields of 1.5 tonnes ha-1. A handful of farmers have tried 
soya cropping and their experiences have pinpointed important questions that need to be studied. In 
an ongoing 3-year project we study seeding time, suitable crop varieties and some basic features of a 
Swedish soya cropping. Yields amount to 1–2 tonnes ha-1 and varieties such as BOHEMIA, TUNDRA, 
SL and SILESIA seems promising. Row distance of 12.5–50 cm can be used and seeding should take 
place in mid May to mid June. Harvest is generally conducted in late Sept. but can be carried out as 
late as in Nov. or Dec. if frost allows machines to operate in field. Generally, crude protein content of 
Swedish grown soya bean amount to 40%, but has in some case amounted to 42.7%. A Swedish soya 
production opens a market for domestically produced protein feed and food that until today hasn’t 
been possible. 
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The Foodprint - research programme aims to harmonise calculation methods and communication of 
footprints in the Finnish food sector taking care that international developments and best practices 
are taken into account. Some of the most challenging issues in the methodology development are 
described in this paper. These issues are critical as they affect comparability and the magnitude of 
LCA studies’ results, and because international standards does not give adequate guidance on them. 
Present data quality requirements and plain division of data to primary and secondary are seen 
insufficient. Therefore, in the proposed methodology more detailed requirements shall be given 
separately for each life cycle phase. Instructions will be given whether data shall be collected directly 
from a supply chain, or gathered from national statistics, databases etc., and which are adequate 
data sources. The intention is to harmonise the data requirements from agricultural phase and the 
fairly comprehensive data, which is already collected by primary producers for other purposes in 
Finland. Work is underway to develop general principles for choosing appropriate allocation methods 
for situations where it is not feasible to avoid allocation (e.g. through system expansion). Some 
examples of allocation situations and comparisons of allocation methods are going to be further 
explored in R&D projects of the food industry. Different methods to calculate land-use impacts, such 
as carbon storage, sequestration, soil carbon change and land conversion, have been compared. 
Most methods are currently very rough and large methodological differences were found. New 
emission factors are also introduced. For example, to reflect the national conditions better, it is 
planned to use measured average values for cereals and grass in estimating the emissions of N2O 
associated with cultivation. According to the emission measurements made in Finland, the average 
emission rate of cereals shall be about twice as large as IPCC defaults. 
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Small scale gardening, e.g. in private gardens, school gardens, roof gardens and allotments may be of 
great importance in future food production. The value and benefits of kitchen gardening have been 
emphasized in several studies throughout the world, showing that a high percentage of households 
have a garden or access to an outdoor gardening space. In our part of the world studies from the UK 
and Sweden show that 82% respectively 67% of the households have access to arable ground. In 
Norway the total area of household gardens is estimated at 170 000 ha whereof 40 000 ha are 
assessed suitable for horticultural use. For comparison the total agricultural land in Norway is about 
200 000 ha. These numbers show that if more food was grown in home gardens this could have a 
profound influence on global food production and food security. Other benefits which are 
emphasized are the positive effects on health and wellbeing, increased awareness of nutritional 
values and healthy diets. Small scale gardening also offers the opportunity of combining fun and food 
production. Most of the studies were conducted during the last decades of the twentieth century. 
The time is now ripe to further develop this subject. Present day research should be addressing 
questions directly linked to the potential of home gardens in relation to global food production, food 
security, awareness of food waste and soil protection. There is also a need to continue the 
development of efficient and sustainable management systems for small scale gardening. Likewise 
there is a need for expanding and continuing the development of educational programmes for home 
and school gardeners.  
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Latokartanonkaari 9, FI-00790 Helsinki, Finland; hannele.pulkkinen@mtt.fi 
 
The Foodprint - research programme aims to harmonise calculation methods and communication of 
footprints in the Finnish food sector taking care that international developments and best practices 
are taken into account. Some of the most challenging issues in the methodology development are 
described in this paper. These issues are critical as they affect comparability and the magnitude of 
LCA studies’ results, and because international standards does not give adequate guidance on them. 
Present data quality requirements and plain division of data to primary and secondary are seen 
insufficient. Therefore, in the proposed methodology more detailed requirements shall be given 
separately for each life cycle phase. Instructions will be given whether data shall be collected directly 
from a supply chain, or gathered from national statistics, databases etc., and which are adequate 
data sources. The intention is to harmonise the data requirements from agricultural phase and the 
fairly comprehensive data, which is already collected by primary producers for other purposes in 
Finland. Work is underway to develop general principles for choosing appropriate allocation methods 
for situations where it is not feasible to avoid allocation (e.g. through system expansion). Some 
examples of allocation situations and comparisons of allocation methods are going to be further 
explored in R&D projects of the food industry. Different methods to calculate land-use impacts, such 
as carbon storage, sequestration, soil carbon change and land conversion, have been compared. 
Most methods are currently very rough and large methodological differences were found. New 
emission factors are also introduced. For example, to reflect the national conditions better, it is 
planned to use measured average values for cereals and grass in estimating the emissions of N2O 
associated with cultivation. According to the emission measurements made in Finland, the average 
emission rate of cereals shall be about twice as large as IPCC defaults. 
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HOW LATE CAN WINTER CEREALS BE SOWN IN 2055? 
 

Kaija Hakala*, Ari Rajala and Pirjo Peltonen-Sainio, *MTT Agrifood Research Finland, Plant 
Production Research, FI-31600 Jokioinen, Finland; kaija.hakala@mtt.fi 

 
In the future the climate will be warmer and growing seasons longer than at present in Finland. 
Growing seasons will lengthen in the spring, but especially in the autumn. However, the future light 
conditions will be similar to those of today. When the temperature sum in 2055 may accumulate 
until the beginning of November, how long will light conditions support growth? To study this, we 
arranged an experiment with winter cereals in semi-controlled conditions in a large greenhouse. 
Wheat, rye and triticale were sown in the field in the greenhouse at three sowing times, 21 
September, 16 October and 19 November 2009. The temperatures followed the outside 
temperatures, but were elevated according to simulated conditions of 2055. During winter the 
temperatures were always maintained above -10 °C. All plant species and cultivars had low, but 
positive photosynthesis still on 27 November, when radiation intensities were below 50 µmol 
photons m-2 s-1. Biomass accumulated until heavy frosts began on 15 December. The growth was 
fastest with the plants sown earliest. In the sampling of 15 December there was a clear difference of 
plant weight between the first and the second sowings. Plants sown on 16 November were very 
small and could not be sampled. During the growing season 2010 plant samples were taken at 
heading and at maturity. The effect of sowing time on plant biomass was still visible at heading, but 
almost disappeared by maturation. However, plant density was the lower the later the sowing. With 
gaps in the canopy, weeds interfered with crop growth more in the later sowings, although growth 
per plant was more or less similar with every sowing time.  
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PESTICIDE LEACHING UNDER CLIMATE CHANGE – A REGIONAL PERSPECTIVE 
 

Karin Steffens*, Julien Moeys, Nicholas Jarvis and Elisabet Lewan, *Swedish University of Agricultural 
Sciences, Department of Soil and Environment, P.O. Box 7014, SE-75007 Uppsala, Sweden; 

karin.steffens@slu.se 
 
Climate change scenarios for Scandinavia indicate both increased temperatures and increased winter 
rainfall. Increased temperature may lead to faster degradation of pesticides and thus reduced 
leaching, whereas higher and more intense rainfall would likely increase pesticide leaching. The 
consequences of climate change will however also depend on soil types and changes in land-use 
patterns. Assessments of pesticide leaching in a climate change perspective therefore need to 
account for the complex interaction between soil types, compound properties, changes in climate 
variables, and potential changes in land-use within different regions. Regulatory authorities 
concerned with risk assessment and management for pesticides have expressed an interest in 
decision-support tools that can account for potential climate change impacts. We are developing 
MACRO-SE, a flexible modeling environment for scenario-based parameterisation of the MACRO-
model, which enables the user to screen a large range of pedo-climatic conditions present in a given 
area. A case study was performed for Scania (south Sweden) focusing on winter and spring cereals, 
two contrasting hypothetical compounds (a weakly and a strongly sorbed, applied in autumn or in 
spring), and all the major soil types in Scania. Climate driving data were derived from observed 
climate and from global climate scenarios downscaled to regional level. Our scenario-based analyses 
also accounted for indirect effects of climate on pesticide use patterns (i.e. autumn vs. spring 
applications). We report the predicted losses to groundwater and to the drainage systems, and 
compare the results obtained with the actual and future climates. 
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Kaija Hakala*, Ari Rajala and Pirjo Peltonen-Sainio, *MTT Agrifood Research Finland, Plant 
Production Research, FI-31600 Jokioinen, Finland; kaija.hakala@mtt.fi 

 
In the future the climate will be warmer and growing seasons longer than at present in Finland. 
Growing seasons will lengthen in the spring, but especially in the autumn. However, the future light 
conditions will be similar to those of today. When the temperature sum in 2055 may accumulate 
until the beginning of November, how long will light conditions support growth? To study this, we 
arranged an experiment with winter cereals in semi-controlled conditions in a large greenhouse. 
Wheat, rye and triticale were sown in the field in the greenhouse at three sowing times, 21 
September, 16 October and 19 November 2009. The temperatures followed the outside 
temperatures, but were elevated according to simulated conditions of 2055. During winter the 
temperatures were always maintained above -10 °C. All plant species and cultivars had low, but 
positive photosynthesis still on 27 November, when radiation intensities were below 50 µmol 
photons m-2 s-1. Biomass accumulated until heavy frosts began on 15 December. The growth was 
fastest with the plants sown earliest. In the sampling of 15 December there was a clear difference of 
plant weight between the first and the second sowings. Plants sown on 16 November were very 
small and could not be sampled. During the growing season 2010 plant samples were taken at 
heading and at maturity. The effect of sowing time on plant biomass was still visible at heading, but 
almost disappeared by maturation. However, plant density was the lower the later the sowing. With 
gaps in the canopy, weeds interfered with crop growth more in the later sowings, although growth 
per plant was more or less similar with every sowing time.  
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PROJECTIONS OF STRUCTURAL CHANGE AND REGIONAL DEVELOPMENT OF 
FINNISH LIVESTOCK PRODUCTION 

 
Alina Sinisalo*, Jarkko Niemi and Heikki Lehtonen, *MTT Agrifood Research Finland, Economic 

Research, Latokartanonkaari 9, FI-00790 Helsinki, Finland; alina.sinisalo@mtt.fi 
 
It has been argued whether the rapid structural change in agriculture will continue in the future. The 
goal of this study was project the future development of cattle and pig production (including number 
of farms, farm size, spatial agglomeration, specialisation) in Finland. The data were synthesised from 
animal registries and statistics, and expert workshops organized during the study. Statistical 
methods, geometric and linear trends and sector-level model simulations were utilised. In the past, 
the number of livestock farms in Finland has approximately halved every ten years. In contrast, farm 
size has increased rapidly, and the total agricultural production has been stable or even increased. 
The growth of farm size with either current or accelerated pace was seen as generic development 
trend in the livestock sector. The share of dairy farms having at least 50 cows was projected to more 
than double by 2020. Suckler cow production and beef production as specialised business was 
expected to increase. While the number of pig farms is projected to fall below 900 farms by 2020, 
the production will become even more concentrated to southern and western Finland. Also other 
livestock production, especially dairy production, was estimated to increase in areas where 
production is currently agglomerated and where farms are large in size. Through structural change, 
economic agents can respond to increased competition and unexploited economies of scale, scope 
and spatial agglomeration. It empowers the farms to benefit from unexploited profit opportunities 
e.g. by implementing production technologies to improve animal welfare and save labour. However, 
structural change requires changes in management, because large-scale farms and regional 
concentration of production exposes more animals to diseases. Our study builds a systematic 
microeconomic framework for analysing the economics of animal disease management, including the 
benefits of increased scale and specialisation in production. 
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UNEMPLOYED PERSONS IN LATVIA’S REGIONS – FUTURE POTENTIAL FOR 
AGRICULTURAL DEVELOPMENT? 

 
Ieva Brence, Latvian Academy of Sciences, Unit of Agricultural and Forestry Sciences, Akademijas 

square 1, Riga, LV-1050, Latvia; ieva.brence@lza.lv 
 
Unemployment level in Latvia in 2010 is one of the highest in the European Union, exceeding 14%. It 
is the highest in Latvia’s regions and especially in the Eastern part of Latvia – Latgale, exceeding 22% 
in several places in September 2010. Many of the unemployed persons are subject to extremely low 
income (LVL 40 or approximately EUR 57 per month) that does not allow full satisfaction of their 
needs. Besides, many of the persons remain unemployed for more than one year, therefore they 
often face problems in integrating into labour market. Also number of job vacancies in the 
countryside of Latvia is limited, thus one of the possibilities for the future development of 
unemployed persons is more serious involvement in agricultural activities. The aim of the article is to 
analyse situation of unemployed persons in Latvia’s regions and to provide evaluation for their 
possibilities to involve more in agricultural activities. Statistical data and data gained in frames of the 
survey of unemployed persons performed in November 2010 – January 2011 form the basis of the 
research (3000 respondents representing all regions of Latvia). Central trends and location measures 
are mainly used for the statistical data analysis. It is concluded that unemployed persons have 
possibilities for stronger involvement into agricultural activities, however many of them are not 
interested in confining their lives with agriculture.  
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FINNISH LIVESTOCK PRODUCTION 

 
Alina Sinisalo*, Jarkko Niemi and Heikki Lehtonen, *MTT Agrifood Research Finland, Economic 

Research, Latokartanonkaari 9, FI-00790 Helsinki, Finland; alina.sinisalo@mtt.fi 
 
It has been argued whether the rapid structural change in agriculture will continue in the future. The 
goal of this study was project the future development of cattle and pig production (including number 
of farms, farm size, spatial agglomeration, specialisation) in Finland. The data were synthesised from 
animal registries and statistics, and expert workshops organized during the study. Statistical 
methods, geometric and linear trends and sector-level model simulations were utilised. In the past, 
the number of livestock farms in Finland has approximately halved every ten years. In contrast, farm 
size has increased rapidly, and the total agricultural production has been stable or even increased. 
The growth of farm size with either current or accelerated pace was seen as generic development 
trend in the livestock sector. The share of dairy farms having at least 50 cows was projected to more 
than double by 2020. Suckler cow production and beef production as specialised business was 
expected to increase. While the number of pig farms is projected to fall below 900 farms by 2020, 
the production will become even more concentrated to southern and western Finland. Also other 
livestock production, especially dairy production, was estimated to increase in areas where 
production is currently agglomerated and where farms are large in size. Through structural change, 
economic agents can respond to increased competition and unexploited economies of scale, scope 
and spatial agglomeration. It empowers the farms to benefit from unexploited profit opportunities 
e.g. by implementing production technologies to improve animal welfare and save labour. However, 
structural change requires changes in management, because large-scale farms and regional 
concentration of production exposes more animals to diseases. Our study builds a systematic 
microeconomic framework for analysing the economics of animal disease management, including the 
benefits of increased scale and specialisation in production. 
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HOUSEHOLD FOOD WASTE IN FINNISH PRODUCTION CHAIN 
 

Anu Reinikainen*, Kirsi Silvennoinen, Hanna Hartikainen, Lotta Jalkanen, Juha-Matti Katajajuuri and 
Heta-Kaisa Koivupuro, *MTT Agrifood Research Finland, Biotechnology and Food Research, 

Sustainable Bioeconomy, FI-00790 Helsinki, Finland; anu.reinikainen@mtt.fi 
 

Minimizing food waste is a part of food chain responsibility because the reduction of the amount of 
food waste is crucial for mitigating the environmental impacts of the entire food chain. According to 
several researches conducted in Europe and USA consumers produce more food waste than any 
other actor in the food chain. However the amount of food waste in Finnish production chain has not 
been studied much yet. This paper presents the results of Finnish household food waste study. The 
research data was collected by monitoring the actual amounts of food waste occurring in 380 Finnish 
households. Households kept two weeks food waste diary where the amount and the type of food 
waste as well as the reason for the generated waste were written down. The data was analysed using 
descriptive statistics, crosstabs, and bar charts. Linear regression model was applied to find 
statistically significant results and dummy and dichotomous variables were formed to include 
qualitative information into the model. According to the results an average person produces annually 
23 kilos of food waste. The main food waste categories were vegetables (19%), homemade food 
(18%), dairy products (17%), bread and other cereal products (13%), and fruit and berries (12%). The 
main reasons for food waste were: food was spoiled/mouldy, best before date was expired, plate 
leftover, or too much food was prepared. According to the statistical tests, the following background 
factors affected the amount of food waste: the size of the household, gender of the grocery shopper, 
daily recycling of organic waste, appreciation of low food prices and potential to reduce food waste. 
Moreover, storing food in right temperature and opening new packages after finishing the old ones 
were valued as the most concrete food waste prevention methods. 
  



 

24th NJF Congress and 2nd NFS Conference 2011 259 

Poster session Abstract no. H194 
 
 

FARM DIVERSIFICATION MODELS: CAUSES AND TENDENCIES 
 

Anna Liscova, Baiba Rivža * and Maiga Kruzmetra, *Latvian Academy of sciences, Riga, LV-1050, 
Akademijas laukums,1, Latvia; baiba.rivza@llu.lv 

 
The agrarian reforms of the 90s resulted in the establishment of many small farms with restricted 
opportunities for the development of agriculture production. Even though, according to the 
preliminary statistic data of 2010 agriculture censor, the average area of agriculture land in one farm 
has increased by 15%, the share of small farms in Latvia is still large. Second, only 24% of farm 
managers have higher or secondary professional education, which influences the result of traditional 
agriculture production. In such conditions farming diversification has become a significant alternative 
of economic development in rural areas. The study of farms in Zemgale region which has been 
chosen as the basis for the research reflects several tendencies in the diversification of farming 
practices. First, the bigger the area of a farm, the larger the share of traditional farming practices in 
the total amount of income. Second, the bigger the area of the farm, the more frequent it is run by a 
manager with higher or secondary professional education. Third, the administrative division of the 
region in sub-regions determines the differences in the relationship between traditional and multi-
functional farming within each of the sub-regions. Fourth, managers of both small and big farms of 
sub-regions are interested in farming diversification; professional knowledge level does not influence 
the decision. Fifth, the same businesses dominate in the expansion of diversification in all above 
mentioned variants; they are: rural tourism; processing of agriculture products, services outside 
farming and energy production. The analysis of diversification tendencies has suggested five farming 
models that demonstrate a real situation in the region and offer opportunities for further 
improvement of farming diversification policy in Latvia.  
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HOUSEHOLD FOOD WASTE IN FINNISH PRODUCTION CHAIN 
 

Anu Reinikainen*, Kirsi Silvennoinen, Hanna Hartikainen, Lotta Jalkanen, Juha-Matti Katajajuuri and 
Heta-Kaisa Koivupuro, *MTT Agrifood Research Finland, Biotechnology and Food Research, 

Sustainable Bioeconomy, FI-00790 Helsinki, Finland; anu.reinikainen@mtt.fi 
 

Minimizing food waste is a part of food chain responsibility because the reduction of the amount of 
food waste is crucial for mitigating the environmental impacts of the entire food chain. According to 
several researches conducted in Europe and USA consumers produce more food waste than any 
other actor in the food chain. However the amount of food waste in Finnish production chain has not 
been studied much yet. This paper presents the results of Finnish household food waste study. The 
research data was collected by monitoring the actual amounts of food waste occurring in 380 Finnish 
households. Households kept two weeks food waste diary where the amount and the type of food 
waste as well as the reason for the generated waste were written down. The data was analysed using 
descriptive statistics, crosstabs, and bar charts. Linear regression model was applied to find 
statistically significant results and dummy and dichotomous variables were formed to include 
qualitative information into the model. According to the results an average person produces annually 
23 kilos of food waste. The main food waste categories were vegetables (19%), homemade food 
(18%), dairy products (17%), bread and other cereal products (13%), and fruit and berries (12%). The 
main reasons for food waste were: food was spoiled/mouldy, best before date was expired, plate 
leftover, or too much food was prepared. According to the statistical tests, the following background 
factors affected the amount of food waste: the size of the household, gender of the grocery shopper, 
daily recycling of organic waste, appreciation of low food prices and potential to reduce food waste. 
Moreover, storing food in right temperature and opening new packages after finishing the old ones 
were valued as the most concrete food waste prevention methods. 
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ATTITUDES TO FOOD PRODUCTION SYSTEMS AND FOOD PRODUCTS 
 

Per Sandin, Hanna Bergeå, Harry Blokhuis, Lena Ekelund, Kjell Hansen, Helena Hansson, Helena 
Nordström Källström, Lotta Rydhmer*, Elin Röös, Ingvar Sundh and Barbro Ulén, *Swedish University 

of Agricultural Sciences, Box 7023, SE-75007 Uppsala, Sweden; lotta.rydhmer@slu.se 
 
Consumers choose types of food to consume based on the utility and disutility each food item may 
be attributed with. In this synthesis project we study how consumers’ behaviour regarding food 
consumption is determined by their attitudes to particular types of food. The aim is to provide 
examples of how attitudes may influence technological development and agricultural policy, and 
hence our ability to reach the goal to provide food, feed and others services in a sustainable way. 
Based on state-of-the-art knowledge of how future food technology may develop we formulate 
different cases related to food consumption, e.g. meat production and consumption; use of 
biological pest control agents and use of microorganisms cultured on industrial rest products as feed. 
The cases are used as examples of how consumers’ attitudes towards new technologies may 
influence the development of future agriculture and its possibilities to feed the world. The work 
includes a discussion on the need for future research related to consumers' attitudes to food 
production.  
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FIRES IN AGRICULTURAL PRODUCTION BUILDINGS IN FINLAND 
 

Kim O. Kaustell, MTT Agrifood Research Finland, Latokartanonkaari 9, FI-00790 Helsinki, Finland; 
kim.kaustell@mtt.fi 

 
According to the Finnish Rescue Services statistics, there have been on average 174 agricultural 
production building fires per year during the years of 1996 - 2009. This study focused on these fires, 
with special attention to buildings for cattle, pig, and poultry. The aims of the work were to 
characterize fires, to point out planning, construction, and use-related causes for fires, and to point 
out possibilities to decrease the number of fires and limit losses. This study is based on fire statistics 
collected by the Finnish Rescue Services from 1996 to 2009. Case examples are also drawn from farm 
surveys and media reports. The statistics data were analyzed using simple descriptive statistics. The 
total number of building fires on farms, excluding dwellings, from 1996 to 2009, was 2437. The 
statistic data show a rising trend for the adjusted mean of total fire damage costs. Cattle, pig, and 
poultry buildings account for 53.5% of total area of the ignited buildings. Buildings for animals had an 
attic or other top cavity in more than 80% of the cases. Fires in production buildings are often caused 
by faulty electrical installations and equipment, adjacent old and faulty heating plants, furnaces and 
chimneys, along with careless handling of open fires or igniters. At arrival of the fire rescue forces, 
the fire has mostly been fully developed. Less than 0.5% of the study population had some automatic 
fire detection installed. Old buildings frequently remain in alternate use on the farm. This is probably 
a significant background reason for the rising number of fires, even if new, more fire-safe buildings 
and extensions to old buildings are constructed. Local contract fire departments should be trained to 
act in animal shelters in their district. Automatic smoke detection should be mandatory also for 
existing, old animal confinements. 
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Nordström Källström, Lotta Rydhmer*, Elin Röös, Ingvar Sundh and Barbro Ulén, *Swedish University 

of Agricultural Sciences, Box 7023, SE-75007 Uppsala, Sweden; lotta.rydhmer@slu.se 
 
Consumers choose types of food to consume based on the utility and disutility each food item may 
be attributed with. In this synthesis project we study how consumers’ behaviour regarding food 
consumption is determined by their attitudes to particular types of food. The aim is to provide 
examples of how attitudes may influence technological development and agricultural policy, and 
hence our ability to reach the goal to provide food, feed and others services in a sustainable way. 
Based on state-of-the-art knowledge of how future food technology may develop we formulate 
different cases related to food consumption, e.g. meat production and consumption; use of 
biological pest control agents and use of microorganisms cultured on industrial rest products as feed. 
The cases are used as examples of how consumers’ attitudes towards new technologies may 
influence the development of future agriculture and its possibilities to feed the world. The work 
includes a discussion on the need for future research related to consumers' attitudes to food 
production.  
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INVESTIGATIONS OF POLYCYCLIC AROMATIC HYDROGENCARBONATES LEVEL 
IN SMOKED MEAT AND FISH 

 
Janis Miculis, Anda Valdovska, Vita Sterna* and Janis Zutis, *Latvia University of Agriculture, 

Research Institute of Biotechnology and Veterinary Medicine “Sigra”, Instituta str.1, Sigulda, LV-2150, 
Latvia; vitasterna@inbox.lv 

 
The European Union food policy must be built around high food safety standards in order to protect 
and promote health throughout Europe. This implies that comparable standards of food safety 
should be elaborated and implemented throughout Europe. Science has a paramount role 
concerning food safety, through the identification of sciences and pathways of contamination the 
assessment of the actual importance of specific pollutants as regards their impact on health, the 
elaboration of strategies for risk control and management which will assist in ensuring protection. 
Polycyclic aromatic hydrocarbonates are one of biggest organic compounds groups which have 
carcinogenic ability for biotransformation and to form reactive compounds which actively effect on 
macromolecules. Organism DNA is objective of reactive metabolites too. European Food Safety 
Authority (EFSA) which play a major in coordinating, harmonizing and integrating the activities on 
food safety carried out at the Member States level adopted resolution (June 10, 2008) that following 
markers presence determination necessity were accepted – benzo(a)antrachene, benzo(a)pyrene, 
benzo(b)fluoranthene and crysene. The contents of the PAH4 were analyzed from traditionally 
smoked fish and meat products using method of liquid chromatography-mass spectrometry (LC-MS). 
The highest mean content of PAH4 was detected in canned smoked sprats (50.43 µg/kg). The 
analyzed smoked meat products showed mean content of PAH4 – 2.6 µg/kg and smoked fish 
products without smoked sprats mean content of PAH4 – 5.4 µg/kg. The results of our research 
confirm that maximum permissible limit of PAH4 for canned smoked sprats shall be established 
higher in comparison with other smoked fish products. The selectivity, the linearity test, the 
reproducibility, the accuracy of the determination method was carried out as well as statistical 
analyses of data were carried out using Microsoft Excel for Windows 7.0 and SPSS11.5. 
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MTT’S CURRENT ACTIVITIES IN DEVELOPMENT CO-OPERATION 
 

Hannu J. Korhonen, Ritva Ojala and Oiva Niemeläinen*, *MTT Agrifood Research Finland, FI-31600 
Jokioinen, Finland; oiva.niemelainen@mtt.fi 

 
MTT Agrifood Research Finland has participated in development co-operation since 1974. The past 
co-operation focused on the following topics: 1) Mineral and trace element status in soil of African 
countries 2) Sheep breeding in Egypt, 3) Feeding systems for dairy cows in the Ethiopian highlands 
and 4) Farming systems and livestock production in Ismailia Governorate of Egypt. These projects 
were financed primarily by the Finnish Government development assistance. Recently, MTT adopted 
development co-operation as a strategic part of its international activities. The approach taken by 
MTT is to build human capacity in partnership with agricultural research and education institutions in 
emerging and developing countries. Capacity building includes e.g. joint research tasks and 
researcher exchange programmes. Following this strategy, MTT recently launched two projects with 
financial assistance from the Ministry for Foreign Affairs of Finland (MFA): 1) Building capacity to 
improve safety in the feed-dairy chain, with special focus on health risks associated with biological 
contaminants. The project is implemented in co-operation with the University of Nairobi, Kenya. 2) 
Improving nutrition of Andean and Amazonian population: Health-promoting bioactive compounds in 
Andean and Amazonian food materials and diets. The project is implemented in co-operation with 
Universidad Nacional Agraria La Molina, Lima, Peru. At present, MTT is preparing, on behalf of the 
MFA, a large food security programme for West and East Africa. The programme has the following 
objective: To improve capacity of local research and education institutions in research, education and 
information dissemination for strengthening agricultural sector, local livelihoods and food security in 
Western and Eastern Sub-Saharan Africa. This four-year programme will be implemented in co-
operation with local CGIAR Centers (Consultative Group on International Agricultural Research) and 
local African research and education institutions and is scheduled to start in late 2011. 
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The European Union food policy must be built around high food safety standards in order to protect 
and promote health throughout Europe. This implies that comparable standards of food safety 
should be elaborated and implemented throughout Europe. Science has a paramount role 
concerning food safety, through the identification of sciences and pathways of contamination the 
assessment of the actual importance of specific pollutants as regards their impact on health, the 
elaboration of strategies for risk control and management which will assist in ensuring protection. 
Polycyclic aromatic hydrocarbonates are one of biggest organic compounds groups which have 
carcinogenic ability for biotransformation and to form reactive compounds which actively effect on 
macromolecules. Organism DNA is objective of reactive metabolites too. European Food Safety 
Authority (EFSA) which play a major in coordinating, harmonizing and integrating the activities on 
food safety carried out at the Member States level adopted resolution (June 10, 2008) that following 
markers presence determination necessity were accepted – benzo(a)antrachene, benzo(a)pyrene, 
benzo(b)fluoranthene and crysene. The contents of the PAH4 were analyzed from traditionally 
smoked fish and meat products using method of liquid chromatography-mass spectrometry (LC-MS). 
The highest mean content of PAH4 was detected in canned smoked sprats (50.43 µg/kg). The 
analyzed smoked meat products showed mean content of PAH4 – 2.6 µg/kg and smoked fish 
products without smoked sprats mean content of PAH4 – 5.4 µg/kg. The results of our research 
confirm that maximum permissible limit of PAH4 for canned smoked sprats shall be established 
higher in comparison with other smoked fish products. The selectivity, the linearity test, the 
reproducibility, the accuracy of the determination method was carried out as well as statistical 
analyses of data were carried out using Microsoft Excel for Windows 7.0 and SPSS11.5. 
  



 

264 24th NJF Congress and 2nd NFS Conference 2011 

Poster session Abstract no. D117 
 
 

COMPARISON OF CARROTS AND RED PALM OIL AS SOURCE OF CAROTENOIDS 
IN FEED 
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Milk used for consumption or dairy processing should have a high antioxidative capacity to achieve 
high quality products. Feeding is one of the most significant factors influencing cow productivity, milk 
composition and milk quality. Supplementing feed with carotenoids is a possibility to increase the 
content of antioxidants in milk, to increase milk fat quality and to prolonge storage. Carotenoids are 

involved in the sensorial and nutritional values of dairy products. Content of α-tocoferols and β-
carotens in milk are not optimal in basic feed at the indoor season. The aim of our investigation was 
to compare carrots and red palm oil as source of carotenoids in cows feeding. In the present study 
total carotenoids and the composition of carotenoids and tocopherols were analysed in different 
forages. Milk protein and fat content were analysed by Milcoscan (ISO 9622-1999). The fat soluble 
vitamins and β-carotene from milk samples were extracted with hexane and measured using HPLC 
from Waters equiped with 150x4.6 mm, RP C18 and diode array detector. The milk traits and quality 
of milk were compared between cows receiving carrots or red palm oil as source of carotenoids for 
supplementing indoor feed. Average content of carotenoids in feed samples of silage, haylage, hay, 
rapeseed cake and carrots was 87.64±15.5; 7.57±0.5; 1.78±0.5; 2.96±1.1 and 138.95±20.4 mg kg-1 
DM, respectively. Average content of β-carotene (332±14 μg L-1), vitamin A (488±12 μg L-1) and 
vitamin E (622±9 μg L-1) was higher (P<0.1) in milk samples where cows received carrots, than in milk 
samples where cows received red palm oil – 274, 377 and 551 μg L-1 respectively. After 5 days 
storage at the temperature 4–6 °C, total bacterial count increased more slowly in the milk samples 
were cows received red palm oil. Oxidation of milk fat was similar in both groups.  
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Ammonia volatilization from cattle urine is largely dependent on urinary urea concentration, the 
product of total urinary urea excretion and urine volume. Most literature data suggests potassium (K) 
intake as the main factor governing urine volume in cattle. Change-over design feeding experiments, 
previously performed with Swedish Red cattle at Kungsängen Research Centre, were investigated for 
the relation between K intake and daily urine excretion. Five of the experiments (13 treatment 
means) were with total collection on lactating dairy cows, one experiment was with total collection 
on steers (four treatment means) and one experiment was with spot-sampling on dry cows (three 
treatment means) and heifers (three treatment means), respectively. Dietary K concentration was 
7.4–32.3 g/kg DM, K intake was 52–512 g/d and daily urine volume was 5.3–30.4 liters. Simple linear 
regression of urine volume on K intake yielded the equation: Urine excretion (L/d) = 1.86 + 0.056 × K 
intake (g/d), R2=0.96, RMSE=1.80. A mixed model with random intercept for each experiment gave 
the equation: Urine excretion (L/d) = 2.53 + 0.054 × K intake (g/d), R2=0.98, RMSE=1.04. After 
compensating for differences in DM intake, increased dietary K concentration alone increased urine 
volume with 66% in the heifer experiment, with 68% in the steer experiment and with 81% between 
lactating cows. It is concluded that Swedish Red cattle responded similar to what is reported for 
other breeds regarding the relation between K intake and urinary excretion. The range of K levels 
occuring in Swedish leys may have the potential to alter urine volume in dairy cows with a factor 2, 
with subsequent changes in urinary urea concentration and ammonia volatilization. 
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Milk used for consumption or dairy processing should have a high antioxidative capacity to achieve 
high quality products. Feeding is one of the most significant factors influencing cow productivity, milk 
composition and milk quality. Supplementing feed with carotenoids is a possibility to increase the 
content of antioxidants in milk, to increase milk fat quality and to prolonge storage. Carotenoids are 

involved in the sensorial and nutritional values of dairy products. Content of α-tocoferols and β-
carotens in milk are not optimal in basic feed at the indoor season. The aim of our investigation was 
to compare carrots and red palm oil as source of carotenoids in cows feeding. In the present study 
total carotenoids and the composition of carotenoids and tocopherols were analysed in different 
forages. Milk protein and fat content were analysed by Milcoscan (ISO 9622-1999). The fat soluble 
vitamins and β-carotene from milk samples were extracted with hexane and measured using HPLC 
from Waters equiped with 150x4.6 mm, RP C18 and diode array detector. The milk traits and quality 
of milk were compared between cows receiving carrots or red palm oil as source of carotenoids for 
supplementing indoor feed. Average content of carotenoids in feed samples of silage, haylage, hay, 
rapeseed cake and carrots was 87.64±15.5; 7.57±0.5; 1.78±0.5; 2.96±1.1 and 138.95±20.4 mg kg-1 
DM, respectively. Average content of β-carotene (332±14 μg L-1), vitamin A (488±12 μg L-1) and 
vitamin E (622±9 μg L-1) was higher (P<0.1) in milk samples where cows received carrots, than in milk 
samples where cows received red palm oil – 274, 377 and 551 μg L-1 respectively. After 5 days 
storage at the temperature 4–6 °C, total bacterial count increased more slowly in the milk samples 
were cows received red palm oil. Oxidation of milk fat was similar in both groups.  
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The use of silage additives is a common way to manipulate fermentation process towards to ensure 
proper ensiling process. Since the use of silage additives cause additional cost, precise estimation of 
an effective dosage has both an economical consequence for farmers as well as it may reduce 
possible environmental impact. The effectiveness of silage additives based on weaker organic acids 
or their salts (sorbate and benzoate) is closely related to substrate pH. Therefore, the aim of the 
study was to survey pH of common fresh forages used for ensiling in Sweden. An attempt to detect 
any possible connection of pH and buffering capacity (BC) in fresh forages was done as well. 
Preliminary results show that there is no clear connection between pH and BC. Grasses, such as 
timothy or tall fescue, displayed trends of reduction in both pH and BC with maturity, while whole-
crop oats showed an opposite trend. BC of corn crop increased with maturation while pH decreased. 
Wilting of clover-grass forage caused a decline in pH, whereas BC was unchanged. 
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Mechanistic or semi-mechanistic feed evaluation models need forage and concentrate residence 
times to estimate digestibility of potentially digestible neutral detergent fibre, starch and protein 
fractions in the rumen of cattle. Passage rates have most often been measured using rare earths or 
Cr-mordanted fibre as markers and estimated from the descending phase of the marker excretion 
curves. The prediction equations of passage rate that are currently used in calculations of ruminal 
digestibility of carbohydrate and protein fractions are influenced by differences between markers, 
marker preparations, kinetic models and sampling site in addition to the true variation in passage 
rate due to animal and dietary characteristics. The objective of this study was to generate biologically 
valid predictions of forage and concentrate rumen residence time primarily using marker kinetics 
data from the literature. The relationship between total mean retention time derived from duodenal 
and faecal sampling from the same experiments were investigated. The proportion of pre-duodenal 
to total mean retention time estimated using the marker technique was further evaluated against 
rumen evacuation data and results from slaughter studies of cattle. The difference between 
duodenal and faecal sampling in the total compartmental mean retention time estimated from 
marker excretion curves was small and suggested that most of the total compartmental mean 
retention time is pre-duodenal. The proportion of the reticulo-rumen of the mean retention time of 
the total digestive tract estimated from slaughter studies of cows have been consistent with the 
proportion of pre-duodenal to total mean retention time derived from the marker data. This provides 
a platform to model animal and dietary factors that influence rumen retention time of forages and 
concentrates from a large number of observations using data derived from both marker and rumen 
evacuation studies.  
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The use of silage additives is a common way to manipulate fermentation process towards to ensure 
proper ensiling process. Since the use of silage additives cause additional cost, precise estimation of 
an effective dosage has both an economical consequence for farmers as well as it may reduce 
possible environmental impact. The effectiveness of silage additives based on weaker organic acids 
or their salts (sorbate and benzoate) is closely related to substrate pH. Therefore, the aim of the 
study was to survey pH of common fresh forages used for ensiling in Sweden. An attempt to detect 
any possible connection of pH and buffering capacity (BC) in fresh forages was done as well. 
Preliminary results show that there is no clear connection between pH and BC. Grasses, such as 
timothy or tall fescue, displayed trends of reduction in both pH and BC with maturity, while whole-
crop oats showed an opposite trend. BC of corn crop increased with maturation while pH decreased. 
Wilting of clover-grass forage caused a decline in pH, whereas BC was unchanged. 
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The aim was to investigate the effect of daily supplementation with RRR-α-tocopheryl acetate, during 
the transition period around calving, on concentrations of α-tocopherol in plasma and milk from 
prepartum to mid lactation of dairy cows. The study included two experiments where all cows were 
fed a 100% organic diet with a high proportion of grass-legume forage. The experimental design was 
a randomized complete block. In both experiments, half of the cows were supplemented with 2400 
IU RRR-α-tocopheryl acetate/day (E) from three weeks before expected parturition until three weeks 
after parturition (AP). The remaining cows were non-supplemented controls (C). In Experiment 1, no 
synthetic vitamins were fed but in Experiment 2 all cows were fed synthetic vitamins (20 IU/kg DM) 
throughout the experiment. The C cows received 60 vs. 30 IU/kg DM RRR-α-tocopherol from the feed 
in Experiment 1 and 2, respectively. Blood samples were collected three weeks before expected 
parturition, at parturition, three weeks AP and between five to seven months AP, while milk samples 
were collected from colostrum, four days AP, three weeks AP and between five to seven months AP. 
In both experiments, E cows tended to have higher plasma concentrations of α-tocopherol at 
parturition than C cows and three weeks AP concentrations were 34% and 22% higher in E cows than 
in C cows in Experiment 1 and 2, respectively (P<0.05). The E cows had similar α-tocopherol 
concentrations in milk as C cows in Experiment 1 but in Experiment 2, when the diet contained low 
levels of RRR-α-tocopherol, E cows had 61, 207 and 181% higher concentrations of α-tocopherol than 
C cows in the milk from colostrum, four days AP and three weeks AP, respectively (P<0.05). In 
conclusion, the level of natural vitamin E in the diet has a large effect on α-tocopherol concentration 
in milk. 
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The effects of a fluid replacer containing glycerol were investigated in 20 calves of the Swedish Red 
Breed, one to three weeks old, during a period of twelve days. The calves were randomly assigned to 
oral supplementation with one of three body tempered fluid replacers of either 0.67 g glycerol/kg 
BW and 0.33 g glucose/kg BW, 1g glucose/kg BW, or water (control), respectively. The solutions, 400 
ml, were given twice a day in feeding bottles. Blood samples were collected. The aim was to 
investigate if a fluid replacer containing glycerol contributed more efficiently to the maintenance of 
plasma volume than a fluid containing glucose, in calves deprived of water and feed for 24 hr. 
Furthermore, to investigate if glycerol may have probiotic effects by stimulating the formation of the 
substance reuterin. Two markers were used to estimate the reuterin production in feces: 1,3 
propanediol, which is a product of glycerol fermentation from reuterin reduction, and concentration 
of E. coli and Lactobacillus in pure cultures. Statistical analysis of the data, using procedure MIXED in 
SAS, revealed that the water and feed deprivation induced reduced plasma volume of all calves but 
those receiving glycerol were less affected than calves given only glucose or water. The improved 
fluid balance in calves receiving glycerol was mainly indicated by a decreased packed cell volume and 
increased osmolality. Calves receiving glycerol or glucose showed higher insulin and glucose levels 
after deprivation than control calves, suggesting that the catabolic state was prevented. The results 
indicate that fluid replacer containing glycerol may maintain fluid balance. However, glycerol 
supplementation did not seem to have a positive effect on intestinal flora since E. coli numbers did 
not decrease and there was no indication that the population of Lactobacillus reuteri increased.  
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The aim was to investigate the effect of daily supplementation with RRR-α-tocopheryl acetate, during 
the transition period around calving, on concentrations of α-tocopherol in plasma and milk from 
prepartum to mid lactation of dairy cows. The study included two experiments where all cows were 
fed a 100% organic diet with a high proportion of grass-legume forage. The experimental design was 
a randomized complete block. In both experiments, half of the cows were supplemented with 2400 
IU RRR-α-tocopheryl acetate/day (E) from three weeks before expected parturition until three weeks 
after parturition (AP). The remaining cows were non-supplemented controls (C). In Experiment 1, no 
synthetic vitamins were fed but in Experiment 2 all cows were fed synthetic vitamins (20 IU/kg DM) 
throughout the experiment. The C cows received 60 vs. 30 IU/kg DM RRR-α-tocopherol from the feed 
in Experiment 1 and 2, respectively. Blood samples were collected three weeks before expected 
parturition, at parturition, three weeks AP and between five to seven months AP, while milk samples 
were collected from colostrum, four days AP, three weeks AP and between five to seven months AP. 
In both experiments, E cows tended to have higher plasma concentrations of α-tocopherol at 
parturition than C cows and three weeks AP concentrations were 34% and 22% higher in E cows than 
in C cows in Experiment 1 and 2, respectively (P<0.05). The E cows had similar α-tocopherol 
concentrations in milk as C cows in Experiment 1 but in Experiment 2, when the diet contained low 
levels of RRR-α-tocopherol, E cows had 61, 207 and 181% higher concentrations of α-tocopherol than 
C cows in the milk from colostrum, four days AP and three weeks AP, respectively (P<0.05). In 
conclusion, the level of natural vitamin E in the diet has a large effect on α-tocopherol concentration 
in milk. 
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Increased use of forage makes most dairy producers more independent of market fluctuations in 
concentrate prices. Therefore, diets with high proportions of forage may be interesting to study. Milk 
production responses to high quality grass silage diets was evaluated in dairy cows using gradually 
increasing forage proportions after peak lactation and until drying off. Fifty four Swedish Red Breed 
dairy cows were randomly assigned to three diets with different proportions of grass 
silage/concentrate on dry matter (DM) basis: low (L), medium (M) and high (H) forage. The forage 
proportion was gradually increased after the third lactation month from 40 to 50% DM in diet L, from 
50 to 70% DM in diet M and from 50 to 90% DM in diet H. The silage was made from an early first-cut 
ley of timothy, meadow fescue and red clover with 41% DM, 11.2 MJ metabolizable energy, 14.6% 
crude protein and 44.3% neutral detergent fiber/kg DM. Data was analysed using two-way ANOVA. 
The average DM proportions of forage over the entire lactation were 49, 62 and 71% of total DM, 
with an average daily dry matter intake of 19.9, 19.4 and 19.2 kg/cow in diet L, M and H, respectively. 
The average daily yield of energy corrected milk (ECM) were 32.3, 31.2 and 28.4 kg, respectively. Milk 
yield (ECM) from diet H was lower compared with the other two groups (P=0.002) while milk yield on 
diets L and M did not differ. Milk fat and milk protein did not differ among diets. The results suggest 
that by using high quality grass silage to dairy cows, the forage proportion can be gradually increased 
from 50% to 70% of total DM in the period following peak lactation until drying off, without 
significantly reducing milk yield, milk fat or milk protein content. 
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Grazing is an economically viable option if production goals are reached during the grazing season. 
Beef cows should gain body condition score efficiently and calf growth rate should be at least 1,0 
kg/day. The most satisfying result is achieved when nutritional requirements of the breeding herd 
are matched with the pattern of pasture growth. Nutritional requirement of a spring calving beef 
cow is highest during peak lactation, which is reached approximately 9 weeks after calving. Beef cows 
that calve during a 6–8 week period between March and April will utilize the rapid pasture growth 
most efficiently. Beef cow producers should aim for a relatively long grazing period as grazed forage 
is generally cheaper than harvested feeds. In the beginning of the growing season, pasture growth is 
relatively slow and production also declines at a point when calf dependency on herbage growth 
increases. Grazing could therefore be started a few weeks earlier by using e.g. summer sown winter 
grains. The grazing season could be extended with mixed crops, annual ryegrasses, vetch, fodder 
beets and kale. Warm season crop options can be millet and maize. Faba beans and peas can be 
included with cereal to yield more protein than cereals alone. Annual ryegrasses do not establish as 
rapidly as cereal crops but growth continues slightly later into autumn. Annual ryegrasses can be 
grazed 4–6 times during the grazing season. Vetch can be a viable option especially in organic 
production as the vetch stands are dense. Fodder beat and kale produce high dry matter yields per 
hectare but must be supplemented with hay or straw to increase fibre intake. Millet and maize are 
sensitive to frost but swath grazing might be an option. 
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Increased use of forage makes most dairy producers more independent of market fluctuations in 
concentrate prices. Therefore, diets with high proportions of forage may be interesting to study. Milk 
production responses to high quality grass silage diets was evaluated in dairy cows using gradually 
increasing forage proportions after peak lactation and until drying off. Fifty four Swedish Red Breed 
dairy cows were randomly assigned to three diets with different proportions of grass 
silage/concentrate on dry matter (DM) basis: low (L), medium (M) and high (H) forage. The forage 
proportion was gradually increased after the third lactation month from 40 to 50% DM in diet L, from 
50 to 70% DM in diet M and from 50 to 90% DM in diet H. The silage was made from an early first-cut 
ley of timothy, meadow fescue and red clover with 41% DM, 11.2 MJ metabolizable energy, 14.6% 
crude protein and 44.3% neutral detergent fiber/kg DM. Data was analysed using two-way ANOVA. 
The average DM proportions of forage over the entire lactation were 49, 62 and 71% of total DM, 
with an average daily dry matter intake of 19.9, 19.4 and 19.2 kg/cow in diet L, M and H, respectively. 
The average daily yield of energy corrected milk (ECM) were 32.3, 31.2 and 28.4 kg, respectively. Milk 
yield (ECM) from diet H was lower compared with the other two groups (P=0.002) while milk yield on 
diets L and M did not differ. Milk fat and milk protein did not differ among diets. The results suggest 
that by using high quality grass silage to dairy cows, the forage proportion can be gradually increased 
from 50% to 70% of total DM in the period following peak lactation until drying off, without 
significantly reducing milk yield, milk fat or milk protein content. 
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The objective of this experiment was to determine the suitable sample size for in vitro studies, and to 
estimate the kinetic parameters of CH4 production at different substrate levels. Sample size of 300, 
600, 900 and 1200 mg of timothy hay was incubated in 60-ml buffered rumen fluid in a fully 
automated in vitro technique to determine methane and total gas production. Gas samples were 
collected at 4, 8, 24, 32 and 48 hr of incubation and analyzed by GC. Methane data was subjected to 
a logarithmic model (R2>0.99) to estimate methane concentrations at each time point. Methane and 
total gas kinetic data were fitted to a two-pool Gompertz model. Gas volumes in each pool were 
calculated per g dry matter (DM). The kinetics data was subjected to the model described by 
Huhtanen et al., (2008) in order to estimate asymptotic methane and total gas volumes and first-
order production rates. The methane production rates were on average 0.0496, 0.0492, 0.0462 and 
0.0454/h for 300, 600, 900 and 1200 mg substrate levels, respectively. Results showed that the first-
order digestion rate and NDFD were not affected by sample size. Methane and gas production 
decreased per gram DM with increasing sample size as a result of partitioning carbon between VFA 
and microbial cells. Methane production was strongly correlated (R2=0.98) with values predicted 
from VFA stoichiometry. It is concluded that increasing sample size did not affect the kinetics rate. 
Therefore, it is possible to use greater amounts of substrate (1000 mg) with lower rumen to buffer 
ratio in order to decrease the depletion of samples in the in vitro system. 
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Horses in training are generally fed high concentrate diets although such diets are associated with 
health problems and stereotypic behavior. One reason might be that consumption capacity is limited 
and traditional forage tends to have an energy density too low to fulfill the energy requirements on a 
forage-only diet. The aim of this study was to measure voluntary feed consumption in Standardbred 
yearlings in training and fed a high-energy forage-only diet ad libitum. Fifteen stallions (age 15–19 
months), adapted to a high energy forage for two months, were used in a 7-week study. Grass 
haylage (50% dry matter (DM), 11 MJ metabolizable energy/kg DM and 150 g crude protein/kg DM) 
was offered ad libitum and feed intake was measured for 3 days the first and the last week of the 
study. Body weight (BW) was measured in the beginning and end of the first and last week, 
respectively. Data was analysed using the GLM procedure and Tukey-test of SAS where Yijk = μ + 
horsei + periodij + eijkl. Daily dry matter intake was 10.0±0.1 (2.30% of BW) and 10.6±0.1 kg 
DM/horse (2.35% of BW) (P<0.05) and estimated energy intake 110±1 MJ and 116±1 MJ in the first 
and last week (P<0.05), respectively. BW increased from 436±1 kg to 451±1 kg. This study shows that 
voluntary feed intake of high energy forage in Standardbred yearlings may correspond to >2.3% of 
BW and meet the requirements of very heavy exercising horses according to NRC (2007). 
 
  

 

272 24th NJF Congress and 2nd NFS Conference 2011 

Poster session Abstract no. D217 
 
 

DEVELOPMENT OF IN VITRO METHOD FOR DETERMINATION OF METHANE 
PRODUCTION KINETICS 

 
Mohammad Ramin* and Pekka Huhtanen, *Department of Agricultural Research for Northern 

Sweden, Swedish University of Agricultural Sciences, SE-90183 Umeå, Sweden; 
mohammad.ramin@slu.se 

 
The objective of this experiment was to determine the suitable sample size for in vitro studies, and to 
estimate the kinetic parameters of CH4 production at different substrate levels. Sample size of 300, 
600, 900 and 1200 mg of timothy hay was incubated in 60-ml buffered rumen fluid in a fully 
automated in vitro technique to determine methane and total gas production. Gas samples were 
collected at 4, 8, 24, 32 and 48 hr of incubation and analyzed by GC. Methane data was subjected to 
a logarithmic model (R2>0.99) to estimate methane concentrations at each time point. Methane and 
total gas kinetic data were fitted to a two-pool Gompertz model. Gas volumes in each pool were 
calculated per g dry matter (DM). The kinetics data was subjected to the model described by 
Huhtanen et al., (2008) in order to estimate asymptotic methane and total gas volumes and first-
order production rates. The methane production rates were on average 0.0496, 0.0492, 0.0462 and 
0.0454/h for 300, 600, 900 and 1200 mg substrate levels, respectively. Results showed that the first-
order digestion rate and NDFD were not affected by sample size. Methane and gas production 
decreased per gram DM with increasing sample size as a result of partitioning carbon between VFA 
and microbial cells. Methane production was strongly correlated (R2=0.98) with values predicted 
from VFA stoichiometry. It is concluded that increasing sample size did not affect the kinetics rate. 
Therefore, it is possible to use greater amounts of substrate (1000 mg) with lower rumen to buffer 
ratio in order to decrease the depletion of samples in the in vitro system. 
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The experiment was conducted to compare estimates of rate and extent of ruminal digestibility of 
cereal feed fractions (e.g. neutral detergent soluble; NDS and neutral detergent fibre; NDF) utilising 
the in vitro gas production (GP) and the nylon bag techniques. Nine cereal feeds with a range from 
389 (rolled oats) to 712 g starch/kg DM (ground maize) with known nylon bag degradation 
characteristics, were subjected to NDF isolation. After isolation, each feed and their respective NDF 
fractions were incubated in buffered rumen fluid for 72 h in a consecutive series of 2 runs with 
recording of gas production. After incubations, the residues were collected and analysed for NDF 
content to estimate organic matter (OM) and NDF digestibility. Gas production from NDS was 
estimated by subtracting gas produced from NDF from gas produced from the intact feeds. Statistical 
analysis was done by general linear model procedure of MINITAB 16.1.0. True OM and NDF 
digestibilities differed (P<0.001) among feeds being the highest for smooth peas and the lowest for 
oats. The respective NDF fractions showed similar ranking of true OM and NDF digestibilities as for 
intact feeds (P<0.001). The rate of degradation estimated from GP of the intact feeds and respective 
NDF fractions differed among feeds (P<0.001). The comparison with previous estimated rates and 
extents of degradation based on recordings with nylon bag technique, shows that the two techniques 
resulted in different estimates of ruminal availability of cereal feed fractions. 
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Phosphorus excretion has earlier been studied in young horses on various diets. However, there are 
no studies on excretion on forage-only diets. The aim of this study was to investigate if urine P 
reflects P intake in growing horses. Fourteen Standard-bred horses (aged 20±0.3 months, BW 450±54 
kg) in training were fed forage ad libitum and two dietary treatments: with (C) and without (T) P 
supplement for 6 days in a cross-over design. Spot samples of urine were collected once on days 4–6 
and analyzed for P (UV method) and creatinine (Segmented Flow Analysis). Creatinine was used as a 
marker for daily output of urine (1.15 mg/d/kg BW). Daily feed intake and leftovers were weighed 
and P analyzed (ICP-AES). Statistic analyses were done using the GLM procedure and Tukey´s Test in 
SAS. Daily P intake was 32±1 g and 17±1 g on diet C and T, respectively, corresponding to 130% and 
70% of the NRC requirement. Estimated loss of P via urine was less than 1.5% of intake for both diets. 
The urinary P concentration was higher in diet T compared to diet C (29.1±1.8 and 19.2±1.8 mg/l) but 
there was no difference between diets in estimated P excretion (190±9 mg/d and 170±9 mg/d). We 
conclude that spot sample of urine do not reflect P intake in young horses fed forage-only diets and P 
levels ±30% of the NRC recommendations. 
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The future is inherently unpredictable. It cannot be predicted with any confidence. in fact most 
predictions of the future have failed dismally. However, despite this we can prepare for different 
possible futures. A structured way of analysing possible futures is scenarios building. Scenarios can 
be made in different ways. Extrapolating the future from past trends does not allow for changing 
conditions and surprises, like a changing climate, or unforeseen technological advances, and is likely 
to be useless over longer time periods. Goal scenarios can help us find out how to achieve future 
goals, but are limited to what our aims are today, and our aims today may be irrelevant in 20 years 
time (think about the Berlin wall). Finally, we can use a set of plausible scenarios to discuss 
alternative possible futures and what may be required to handle these futures. In the program 
Future Agriculture at the Swedish University of Agricultural Sciences, we have used this method to 
identify strategic research questions concerning future agriculture and land use, with a time frame of 
40 years (2050). Starting with five global scenarios, we scaled these down to regional levels, i.e. 
Europe and Africa. I will here discuss the implications of these possible futures for agriculture and 
agricultural research in the Nordic-Baltic region. The basis for the discussion is the challenge to 
produce enough food for a growing human population in a sustainable way. This will not be easy, 
considering the facts that climate warming is highly likely, and that several key resources will become 
scarcer during the period to 2050. Among these is easily accessible energy – peak oil may already be 
here – and phosphorus, for which peak is predicted to occur before 2050. Phosphorus and several 
other nutrients are essential for crop and livestock production and, moreover, to fulfil the optimistic 
predictions that technological advances in e.g. biotechnology can help solving the lurking food crisis. 
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