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Preface  

 
The 16th Nordic herbage seed production seminar takes place in Grimstad and Vestfold, 

Norway,  from 20 to 22 June 2016. These seed production seminars, arranged by the Nordic 

Association of Agricultural Scientists (NJF), have a long tradition, with the first seminar 

being held in Denmark in 1964. Venue location normally rotates between Norway, Sweden, 

Denmark and Finland with 4-5 years intervals. The last time the seminar was arranged in 

Norway was in 1998. The objective of the seminar is to encourage communication between 

workers actively engaged in herbage seed production research and extension in the Nordic 

and Baltic countries.   

 

The seminar programme includes 28 oral and poster presentations within the five sections:  

(1) Plant breeding / variety testing, (2) Plant protection, ( 3) New technology / knowledge 

sharing, (4) Useful and harmful insects in clover seed production and (5) Seed crop 

management. These proceedings include all papers, mostly in full -text, presented at the 

seminar. Although some papers have been edited for sty le, and some for minor 

clarification of scientific content, the content remain principally the responsibility of the 

author(s). As there would have been no seminar without these scientific contributions, 

thanks are extended to the authors, both for their p apers and for their oral or poster 

presentations at the seminar.  

 

The seminar has been planned and arranged by an Organizing Committee consisting of 

Birte Boelt, Denmark, Gunilla Larsson, Sweden, Markku Niskanen, Finland and Lars T. 

Havstad, Norway. In addition, John Ingar Øverland, Trygve S. Aamlid and Elise K. Pedersen 

have been involved in the practical organization of the seminar and field excursions in 

Grimstad and Vestfold.  

 

The Organizing Committee would also like to acknowledge Tollef Grindstad, No rsk 

frøavlerlag and the Norwegian seed companies Felleskjøpet Agri, Strand Unikorn and 

Felleskjøpet Rogaland Agder for their financial support of the seminar. Thanks are also 

extended to the seed growers in Vestfold who are hosting the field visits on the last day of 

the seminar.  

 

Lars T. Havstad 

 

Chairman of the Organizing Committee  

16th Nordic herbage seed production seminar  
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12:00 Lunch 

13:00 

 

Opening of seminar 

 

Lars T. Havstad, NIBIO Landvik, Norway 

Svein Bjerke, Norsk frøavlerlag, Norway  

 Session 1. Plant breeding / variety testing.  Chair person Lars T. Havstad  

13:30 
Genotype variation of perennial ryegrass 

grown for seed Simon Abel, Aarhus University, Denmark 

13:45 Seed yield potential in tetraploid red clover  Helga Amdahl, Graminor, Norway 

14:00 Discussion  

  

14:15 Short coffee break / ref reshments 

  

 Session 2. Plant protection. Chair person Birte Boelt  

14:30 

Framtidig tilgang på plantevernmidler i små 

kulturer / Future access to pesticides in 

minor crops 

Anne Kraggerud, FK Agri, Norway 

 

 

15:00 
Use of IPM tools in weed control in grass 

seed production  

Peter Kryger Jensen, Aarhus University, 

Denmark 

15:15 

Bekjemping av grasugras i frøeng av 

bladfaks og engkvein / Control of grass 

weed in seed crops of smooth brome grass 

and common bent 

John Ingar Øverland, NLR Viken, Norway 

 

 

 

15:30 
Weed control in red fescue, perennial 

ryegrass and tall fescue 

Barthold Feidenhans'l, SEGES, Denmark 

 

15:45 

Bekjemping av grasugras ved frøavl av 

engrapp / Control of grass weeds in seed 

production of Poa pratensis  

Trygve S. Aamlid, NIBIO Landvik, Norway 

 

 

16:00 

Virkning av MCPA behandling til olika tider 

på grobarhet av timotej, rödsvingel och 

ängsgröe / Effect of MCPA spraying dates 

on germination of timothy, red fescue and 

smooth meadow gras 

Jörgen Persson, Skånefrø, Sweden 

 

 

 

 

16:15 Discussion 

20 ð 22 June 2016, Grimstad, Norway  
 

Programme: 
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Time  Topic  Presenter / Institution  
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John I. Øverland, NLR Viken, Norway. 

¶  

Seed yields in organic seed production in 

Finland in relation to conventional production 

studied by herbage seed certification data  

Oiva Niemeläinen / Markku Niskanen, LUKE, 

Finland 

 

¶  
Seed growing challenges and opportunities in 

Latvia 

Martins Flaksis, Krastmali seklas Ltd, Latvia  

 

¶  

Effect of sowing rates and sowing methods on 

weed control and organic seed production of 

timothy, meadow fescue and red clover  

Lars Havstad, NIBIO Landvik, Norway 

 

 

¶  
The evaluation of alfalfa varieties for forage 

and seed production in Latvia  
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M etter sprøyting med Hussar OD mot 
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Growth regulation with Cycocel 750 or Moddus 

M after control of grass weeds with Hussar OD 

in seed crops of timothy (Phleum pratense): 
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Trygve S. Aamlid, NIBIO Landvik, Norway 

¶  
Red clover seed harvest - Estimating the losses 

during harvest 

Tore Dahlquist,  Gunilla Larsson,  Sveriges Frö- 

och Oljeväxtodlare , Sweden 

  

 Session 3. New technology / Knowledge sharing. Chair person: Markku Niskanen  

17:15 

Anvendelse af droner med kamera til 

bestemmelse af afgrødeindeks i græsfrø 

afgrøder / The use of drones with camera to 

determine crop index in grass seed crops 

Rene Gislum, Aarhus University, Denmark 

 

 

17:30 

Development of organic ley seed production 

by participat ory learning and action research 

2005-2010 

Ann-Charlotte Wallenhammar,  

Hushållningssällskapet, Sweden 
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19:00 Conference dinner, Strand Hotel Fevik  

  

Day 2 Tuesday 21 June.  NIBIO Landvik, Grimstad  

08:15 Transport from hotel by b us to NIBIO Landvik 

08:45 Welcome to NIBIO Landvik Erling Stubhaug, NIBIO Landvik,  

 
Session 4. Useful and harmful insects in clover seed production. Chair person Gunilla 

Larsson 

09:00 
Effect of insecticides on pollinating insects in 

red clover seed crops 

Lars T. Havstad, NIBIO Landvik, Norway 

 

09:15 
Methods for improving pollination in red clover 

seed crops 

Jens Ästrøm, NINA, Norway 

 

09:30 

An alternative manage ment strategy towards 

weevils in white clover seed production ð 

utilisation of natural enemies  

Henrik Bak Topbjerg, Aarhus University, 

Denmark 

 

09:45 Discussion 

  

10:00 Coffee break /  refreshments 
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Time  Topic  Presenter / Institution  

 Session 5. Seed crop management. Chair person Trygve S. Aamlid  

10:15 
Nitrogen application of organic fertilizer in timothy 

(Phleum pratense  L.) seed production  

Eva Stoltz, Hushållningssällskapet, 

Sweden 

 

10:30 Plant growth regulation in seed crops of per. ryegrass  Birte Boelt, Aarhus University, De nmark 

10:45 

Vekstregulering og borgjødsling ved frøavl av rødkløver / 

Growth regulation and Boron fertilization in red clover 

seed crops 

Silja Valand, NLR Østafjells, Norway 

11:00 
Improvement in timothy grass production with plant 

growth regulation and m icronutrient fertilizers  

Milla Välisalo, K-experiment farm, 

Finland 

11:15 
Seed production of late red clover depending on sowing 

rate and fertilisation of cover crops  

Ants Bender, Estonian Crop Research 

Institute, Estonia  
  

11:30 Coffee break /  refreshments 

  

12:00 

Effect of additional nitrogen fertilizer application, use of 

plant growth regulator and harvesting method on seed 

yield of meadow fescue  

Markku Niskanen, LUKE, Finland 
 

12:15 
Tröskningens effekter på grobarhet i rödklöverfrö/ Red 

clover seed harvest - effects on germination  

Tore Dahlquist, Sveriges Frö- och 

Oljeväxtodlare, Sweden  

12:30 

Tidigarelagd strängläggning och bladdödning i rödklöver / 

Early swath harvesting and Reglone treatment in red 

clover seed production  

Gunilla Larsson, Sveriges Frö- och 

Oljeväxtodlare, Sweden  

12:45 Discussion 

   

13:00 Lunch  

  

14:00 Excursion NIBIO Landvik (field trials etc.)  

  

17:00 Transport by bus to Grimstad harbour  

17:15 Boat trip along the coast of Grimstad / Dinner  

21:00 Back to hotel  

  

Day 3 Wednesday 22 June.  Excursion, Vestfold  

08:00 

 

Transport by bus to Vestfold (main seed producing area in Norway)  

 

10:30 Visit to local seed producers of various grass and clover species:  

¶  

Ole A. Hotvedt, Tønsberg. Timothy and organic red clover seed  production. Experimental trial: Use of 

Hussar in timothy. Effects of low temperatures before and after spraying.  Topic: Weed problems.  

 

¶  
Kjølsrød farm, Re. Red fescue seed production. Topic: Seed drying facilities  

¶  
Lunch at Kjølsrød farm  

 

¶  

Henning Solheim, Tønsberg. Smooth meadow grass seed production: Experimental trial: Use of Hussar 

and Atlantis in smooth meadow gras. Effects of low temperatures before and after spraying.    

 

¶  

Thea Engelstad, Sandefjord. Meadow fescue seed production. Establishment  of red clover seed crop.  

In addition to seed production, various local products are for sale on the farm.  Refreshments and 

light meal.  

 

16:00 End of seminar. Bus back to Grimstad, via Torp airport, Sandefjord  
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Genotype variation of perennial ryegrass grown for seed  
 

Simon Abel, Birte Boelt  

Department of Agroecology, Aarhus University, Flakkebjerg Research Centre, Denmark  

Corresponding author: simon.abel@agro.au.dk  

 

Abstract  
There is a large source of untapped variation within perennial ryegrass ( Lolium perenne  L.) 

populations that may increase seed yields. Understanding this variation starts with the development 

of potentials seed yield and how the len gth of this period may change with cultivar. Utilising 53 UPOV 

registered cultivars, heading date, anthesis and harvest timings were recorded. On the basis of strong 

linear relationships between these growth stages, critical photoperiods at secondary induc tion were 

calculated. Critical photoperiods for secondary induction occurred within 9 hour and 14.5 hour day 

lengths for the range of cultivars modelled. We show that in later secondary inducing cultivars, there 

is a reduced period for the development of s eed yield potential. The results have wider implications 

for seed production management systems, with research trials needing to comprehend if the varying 

inputs alter the development of seed yield potential, or the utilisation of seed yield potentials.  

 

Introduction  
How can we use genotypic variation to be of our benefit in seed producing systems is a complicated 

question, and depending on who you are there are a range of opinions. A plant breeder might say 

itõs in the genetics, as an evolutionary relic. While an agronomist would suggest that the specific 

crop management can overcome any seed production challenge. Both are interested with similar 

goal ð that being maximise seed production. What, we as plant breeders and agronomists cannot 

overcome is the environment. The environment can both assist and hinder our production systems. 

For example a late hail storm may completely decimate a perennial ryegrass ( Lolium perenne  L.) 

seed crop which is nearing harvest.  

 

To produce seed, transition to the reproducti ve phase is required. Perennial ryegrass typically 

undergoes two inductive phases as determined by environmental stimuli; vernalisation and/or short 

days, followed by increasing day lengths, which facilitate secondary induction (Cooper, 1950; Heide, 

1994). Secondary induction is perceived by leaves (Evans, 1971), with dramatic changes occurring in 

gibberellic acid profiles signalling the change to the reproductive development (King et al., 2006) . 

After secondary induction, the development of reproductive structures continues until heading 

date.  

 

The durat ion of the reproductive phases has important influence on the establishment of yield 

potentials. Here, the duration, i.e., number of days, that are available for reproductive 

development in turn determine yield potentials. Potential seed yield is a theoret ical value defining 

what the maximum seed yield might be, given all available seed positions are maximised ð for 

example, yield potentials may range from 58.600kg seed ha -1 to a more conservative 6.500 kg seed 

ha-1. With the both growth and development rel ated to temperature, higher temperatures often 

stimulate growth rates while reducing the number of days for development (Hatfield & Prueger, 

2015; Porter & Moot, 1998) . In order to have a high  potential seed yield, it is believed that cool 

weather favours slow growth and prolongs the duration of the potential yield development phase.  

To quantify potential yield, and the influence seed production research trials, understanding when 

the developm ent phase starts is a key parameter that can easily be overlooked. Furthermore, while 

the environment (i.e., via growth rates and length of development phases) will ultimately 

determine seed yield potential, there is limited understanding how agronomic fac tors may influence 

the development of seed yield especially with the environmental interaction. The response to the 

varying trial inputs must answer the question of whether these inputs increase seed yield potential, 

and/or if they  increase the utilisation  of this potential.  

 

mailto:simon.abel@agro.au.dk
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In this proceeding, modelling attempts will show the theoretical secondary induction points for a 

range of UPOV heading groups. We relate the point of secondary induction to the duration between 

secondary induction and heading to propo se that seed yield potential is reduced in those cultivars 

with earlier secondary induction points.  

 

Material and methods  
 

Population management and growth stage assessments  
Utilising a vast population of 520 perennial ryegrass ( Lolium perenne  L.) accessions, growth stage 

(GS) assessments were made at regular intervals throughout 2014. During establishment, cloned 

accessions of at least GS 25 were transplanted into a cultivated seed bed, at 50 cm row and plant 

spacing in September 2013 at Flakkebjerg Research Centre, Aarhus University, Denmark. Plants 

were grown under limited agronomic inputs with no plant growth regulation applied and were not 

cut or grazed during spring. A total of 40 kg N ha -1 (N-P-K: 18-4-14) was made over two applications: 

18 March and 15 April 2014. Plants were kept free of fungal disease pressure.  

During the respective assessment period, heading date (GS 50), start of anthesis (GS 60), and date 

of harvest (GS 92) growth stages were assessed. Harvest date was a visual score assigned to when 

the plant would be ready for machine harvest. Assessments dates were transformed utilising a 

growing degree day (GDD) function:  

GDD ÁC= Ta for Ta > 0 ; or 1 for Ta Ò 0 

DOYn

i = DOYi

 

Where: DOYn is the day of the year after 21 December ( DOYi) when the respective measured parameter 

is assessed and Ta is the average daily temperature (°C).  

 

Modelling secondary induction retrospectively for UPOV classification  

Of the total populati on, a subset of 53 UPOV registered cultivars were used for the following 

analysis and calculation of secondary induction points. UPOV scores formed the basis of heading 

date earliness. Linear models were fitted between all assessed transformed GDD heading dates, 

start of anthesis, and harvest times. The 53 UPOV registered cultivars were characterised for 

secondary induction as they represent those which are commercially available and produced for 

seed in Denmark.  

 

In order to calculate secondary induction timings for each respective UPOV heading group, growth 

stage assessments were assigned numerical values corresponding to the respective growth stage. 

Heading date was assigned the unit 50, start of anthesis with 60, and harvest with 92. Given that 

each growth stage has a GDD value, the change GS units and of GDD allowed the calculation of an 

average GDD for one growth stage unit.  

 

Results and discussion  
 

Growth stage assessments  
A large population of 520 unique perennial ryegrass accessions were scored for  heading date, start 

of anthesis, and harvest date. Correlation coefficients between heading and anthesis, and between 

anthesis and harvest revealed high R2 values (results not shown for all accessions). The datasets 

remained parallel throughout the period s of measurement. For the entire population (520 

accessions) heading started mid-April, with a span of 60 days; start of anthesis was observed for the 

first accessions in mid-May ending early July; and finally, harvest starting on mid to late June, and 

continued over the next 27 days.  
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Figure 1. Relationship between heading, start of anthesis, and harvest date for 520 perennial ryegrass 

accessions grown for seed in 2014. 

 

Modelling secondary induction  

With the relationships established above , it was possible to adequately quantify GDD per GS for a 

subset of 53 UPOV registered cultivars. Through a total of 42 growth stage points (i.e., the period 

between heading at GS 50 through until harvest at GS92), one growth stage advancement required 

on average 18.8 GDD ± 0.27 (S.E.). Growing Degree Days per GS allowed the calculation of the 

secondary induction point assuming two conditions: a) that the plant is receptive to secondary 

induction after a vernalisation/ short day lengths and b) that the plan t is at least GS 21. The plant is 

assumed receptive of secondary induction when tillers have formed; therefore GS21 was used as the 

point of secondary induction.  

 

The model results show that critical photoperiods for secondary induction occurred within 9 hour 

and 14.5 hour day lengths, and were in general agreeance with Heide (1994) (Figure 2). Using the 

raw data, the earliest secondary induction point was assumed to be at 6.5 hours, which corresponds 

to a date in Denmark (latitude 57 N) of the 23 rd of December. Heide (1994) commented that some 

ecotypes may require day lengths of greater than 16 hours to be secondarily induced. Our results 

show that the last secondary inducing cultivar required 15 hours and 5 minutes.  

 

The regulation of reproductive  development via the dual induction mechanisms, is believed to be an 

evolutionary relic dating back to the evolution and adaptation of ecotypes to varying ecological 

niches (Evans, 1971). For perennial ryegrass, the phenomena remain consist ent to the pattern that 

early heading cultivars often being associated with those being from Mediterranean regions; while 

later heading cultivars are from higher latitudes. Utilising Athens, Greece (latitude 38°N), as a 

reference point for the Mediterranea n, the shortest day has a day length of 9 hours 12 minutes; 

which, if we assume our early heading cultivar is of Mediterranean origin, then the resulting model 

stating that the earliest cultivars are secondarily inducted with day lengths of 9 hours fits. T hese 

results further supported by the conclusions of  Aamlid, et al. , (2000) who stated that the 

vernalisation and or short day length, plus secondary induction of perennial ryegrass increases in 

response to the greater latitude of the plant material.  
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Figure 2.  Calculated critical photoperiod for secondary induction as determined by UPOV heading group 

classification for a total of 53 UPOV registered cultivars. R 2 = correlation coefficient.  

 

A large proportion of the variation observed within the modelled induction dataset is the variability 

observed within the various heading groups, as defined by UPOV (data not shown). While these 

cultivars are recorded as being that in which they are, successive shifts in bre ading material may 

have altered the classification scheme.  

 

GDD regression for all growth stages  

Component regression between all three stages presented had high R2 values of greater than 0.70. 

Throughout the duration of the plants development, from secon dary induction until harvest, second 

order polynomial regression analysis revealed a high R2 of 0.94.  

The lower asymptote for heading occurs at approximately 600 GDD after the 21 st of December, with 

a corresponding GDD at induction of close to zero; indica ting that secondary induction occurs at or 

close to the 21 st of December for early heading varieties. The upper asymptote, i.e., the latest 

harvest timing, occurred at approximately 1800 GDD for late heading and anthesis cultivars.  

 

 
Figure 3. Sequential plant development in three correlated stages. Blue diamonds) Calculated secondary 

induction ( x-axis) vs. heading (y-axis); Red squares) Heading (x-axis) vs. Anthesis (y-axis); Green triangles) 

Anthesis (x-axis) vs. Harvest (y-axis). A total of 53 cultivar s were assessed for each stage. R2 = correlation 

coefficient.  

 

Influence of secondary induction on days to heading  

The use of GDD to calculate secondary induction points (via a relationships established in Figure 1.) 

gave a linear relationship when transfo rming GDD back to a day interval between secondary 
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induction and heading (Figure 4.). The model shows that later inducing varieties have a reduced 

period between secondary induction and heading. This period is when reproductive development 

commences, i.e.,  the development of seed yield potential. It has been established that in other 

species, that the length of this period, likewise the length of grain filling, is an important 

component that realises high potential yields.  

 

 
Figure 4.  Duration (days) betw een heading and secondary induction in relation to date of calculated secondary 

induction for 53 UPOV registered cultivars. R 2 = correlation coefficient.  

 

Conclusion  

To fully utilise the genetic variation in perennial ryegrass in plant breeding programs, i dentification 

of outliers to the models proposed above is essential. Will the outlying cultivars have earlier 

induction points, yet slower development rates (as function of increased base temperatures), or are 

these cultivars more prolific at producing hig her seed yield potentials due to heritable genetic 

responses (i.e., spikelet number) as per  Byrne, et al. ,  (2009). The results have wi der implications 

for seed production management systems. Understanding when seed yield potential is forming for 

the respective heading groups will allow strategic management to target the correct period for the 

greatest effect, i.e., biomass removal, nitro gen application, and plant growth regulation.   
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Abstract  
While tetraploid plants are taller, have thicker stems and broader leaves that altogether result in a 

higher forage yield compared to diploids, they generally have substantially lower seed yields than 

diploid red clover. Tetraploid red clover can be induced chemically by colchicine or nitrous oxide 

(N2O) and sexually by union of unreduced gametes. The average seed yield of tetraploid red clover 

in Norway is 60 % of the seed yield of diploids, while in Sweden it is 75 %. One objective of this 

research was to study whether there is a difference in seed yield among chromosome doubled 

tetraploids and crossed tetraploids. A second objective was to investigate differences in seed yield 

and seed yield components in Norwegian and Swedish tetraploid populations while t he third 

objective was to study which seed yield component correlate the most with the seed yield per 

hectare. Seed production experiments were established at Landvik and Bjørke in Norway and Svalöv 

and Lännäs in Sweden. Populations made by crossings of tetraploids gave significantly higher seed 

yield (P Ò 0.001) compared to populations that were made by chromosome doubling. On average, 

Norwegian and Swedish varieties had equal yields in both experimental years. Norwegian and 

Swedish varieties differed most ly in earliness traits. Swedish populations began flowering on 

average four days earlier than Norwegian populations. Genotypic correlations showed that seed 

yield per flower head was the component with the highest correlation (r = 0.956 and r = 0.977) with  

the seed yield per hectare in both experimental fields.  

 

 

Introduction  
Red clover is a natural diploid, and both diploid and tetraploid varieties are grown. New tetraploid 

populations can be created in two ways: mitotically by doubling the chromosome num ber using 

colchicine, nitrous oxide or mitosis inhibitors, and meiotically by crossing diploid plants that 

produce unreduced gametes (Meglic and Smith 1992, Taylor and Quesenberry 1996). Norwegian 

trials showed that tetraploid red clover is more winter har dy and that tetraploids have, on average, 

20 % higher dry matter yield in mountain areas compared to diploid varieties (Marum 2006). In 

addition, tetraploids are more persistent than diploids due to better resistance to stem nematodes 

and crown rot (Sclero tinia trifoliorum) (Sjödin and Ellerström 1986; Vestad 1990; Taylor and 

Quesenberry 1996; Vleugels et al. 2013). 

 

Approximately, 100 tons of red clover seed is sold annually in Norway, of which 5 -10 % are 

tetraploid varieties. In Sweden approximately, 480 tons of diploid seed and 120 tons of tetraploid 

seed are sold every year. In Norway, the average seed yield of tetraploid varieties, over the last 5 -

10 years, was 164 kg ha-1 vs 247 kg ha-1 for diploids (Statistics from Norwegian seed companies, 

personal communication, 2015), while in Sweden, it was 225 kg ha -1 for tetraploids and  300 kg ha -1 

for diploids. The seed yield of tetraploids is approximately 40 % lower than that of diploids under 

open pollination (Wexelsen and Vestad, 1954; Valle, 1961; Sjödin a nd Ellerström, 1986). Surprisingly 

however, in some years and at some places, tetraploid varieties have equal seed yield as diploid 

varieties (Sjödin and Ellerström, 1986; Marum, 2006; B. Andersson, personal communication, 2011). 

In addition, seed yields a re in general higher in trials compared to practical conditions (Boelt and 

Gislum, 2011). 

 

In Norway, doubling the chromosome number of diploid red clover started in 1947. Since then there 

have been six tetraploid varieties in commercial production. The la st time chromosome doubling 

was performed in Norway was in the early 1990õs. In contrast, the Swedish breeding program still 

includes chromosome doubling of the best performing diploid breeding lines or varieties (L. Öhlund, 

mailto:Helga.amdahl@graminor.no
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personal communication, 2015). The low seed yields of high-yielding and persistent varieties of 

tetraploid red clover is a major problem for Norwegian and Swedish forage production, and it has 

been questioned if this is due to ineffective breeding methods or to non -optimal localization of the 

tetraploid red clover seed production in the two countries. Thus, the objectives of this paper were 

to investigate (i) differences in seed yield between tetraploid varieties developed by chromosome 

doubling of diploids and varieties developed by cro ssing of tetraploids, (ii) the correlation between 

various seed yield components and seed yield per hectare of tetraploid varieties, and (iii) 

differences in seed yield between Swedish and Norwegian tetraploid varieties grown in various 

environments.  

 

Materials and methods  
Experimental sites  
 

Field trials with Swedish and Norwegian tetraploid (4X) red clover populations were established in 

2011 (experiment 1) and in 2012 (experiment 2), and harvested in 2012 and 2013, respectively. 

Experiment 1 was conducted at four locations: Landvik (58.34° N, 08.52° E; 10 m.a.s.l.) and Bjørke 

(61.22o N, 20.42o E; 147 m.a.s.l.) in Norway and  Svalöf (55.56° N, 13.06° E; 70 m.a.s.l.) and 

Lännäs (63.09° N, 17.39° E; 26 m.a.s.l.) in Sweden, while experiment 2 was conducted at Landvik 

and Bjørke. 

 

All trials in both years were sown with 5 kg seed ha -1. Seed yields were pre-cleaned at the 

individual sited before final cleaning and seed analyses at Landvik.  On average for the last decade, 

red clover seed yields at the four exp erimental sites have been 350 kg ha-1 for diploids and 200 kg 

ha-1 for tetraploids at Landvik, 280 kg ha -1 for diploids and 150 kg ha-1 for tetraploids at Bjørke, 

and 320 kg ha-1 for both diploids and tetraploids at Svalöv. There is no historic data on see d 

production of red clover at Lännäs.  

 

Experimental protocol  
The experiments were established according to a randomized complete block design with four 

blocks. The plot size was 1.5 × 6.6 m. The border plots of each block were seeded with the 

tetraploid v ariety ôReipoõ in Norway (Bjßrke and Landvik) in both years, while the border plots of 

each block were seeded with the tetraploid variety ôBettyõ at Lªnnªs and with the diploid red clover 

variety ôSW Aresõ at Svalºv.  

 

Statistical analysis  
Analysis of variance was performed for each trial year using the PROC GLM in SAS version 9.4 (SAS 

Institute Inc., Cary, NC, USA). For each trial year, correlation coefficients between all trait values 

averaged across blocks and environments were calculated using PROC CORR in SAS. The population x 

location (G × E) interaction for seed yield was analyzed using the Eberhart and Russel (1966) model 

of stability in: plantbreeding: R Software package for analysis and visualization of data from plant 

breeding and genetics experim ents (http://plantbreeding.r -forge.r -project.org).  

 

Results and discussion  
Doubling of diploids vs. crossing of tetraploids  
 

Low SY in newly produced tetraploids encouraged researchers to develop ways to enhance seed 

yield in future varieties. Picard and Berthaut (1966) and Julén (1954) suggested selection for higher 

SY at the diploid level as a mean to improve SY in tetraploid red clover. The tetraploid populations 

in our study, denoted as ôDoubledõ, originate from diploid varieties that were not deliberately 

selected for high SY. For that reason, the former suggestion could not be tested here. However, 

after the first seed yield trials with tetraploid red clover, Julèn (1954), Pandey (1955), Eskilsson 

(1963), Sjödin (1981) and Vestad (1990) observed higher SY in tetraploids after several years of seed 

multiplication and selection for higher SY. Our results showed that SY (seed yield per ha), NoMax 

(number of flower heads per m2 at maximal flowering) and SYFH (seed yield per flower head) were 
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significantly (P Ò 0.001, P = 0.02 and P Ò 0.001, respectively) higher in populations developed by 

crossing of existing tetraploids than in populations developed by chromosome doubling of diploids 

(Table 1). The suggested reasons for this is that in raw tetraploids (fir st generations after doubling) 

multivalent formations occur in meiosis that could affect the fertility of tetraploids. In later 

generations, however, the frequency of multivalents is reduced in favor of bivalents, which affect 

seed formation in a positive way (Julèn, 1954; Wexelsen and Vestad, 1954; Bragdø-Aas, 1970; 

Jauhar, 1970). 

 

 

Seed yield by experimental site  
Even if SY is often higher in experimental trials compared to commercial seed production fields 
(Boelt and Gislum, 2011 ), our results indicate potential for higher seed yields in tetraploid red 
clover in Norway than what is achieved under practical seed production. Among locations where our 
experiments were conducted, Svalöv had the lowest SY. A possible explanation could be that the 
border plots  in the trial at Svalºv were seeded with the diploid red clover ôSW Aresõ, instead of a 
tetraploid variety. Another reason could be linked to the loss of seeds due to too more intensive pre  
cleaning of the seed yield at Svalöv, as the amount of husks befo re the final cleaning at Landvik was 
considerably lower compared to the other three locations. At Lännäs, the low seed and germination 
capacity yield can possibly be ascribed to high and continuous precipitation before the late harvest 
on 11 Oct.  
 

Selectio n for higher seed yield  
SYFH was the seed yield component with the highest correlations (r = 0.956, P Ò 0.001  and r = 
0.977 , P <0.001 , for experiments 1 and 2, respectively) with total seed yield. This information is 
important for the breeders working to improve SY in red clover. Previously, several studies found 
that the number of flower heads per pla nt (Taylor and Quesenberry, 1996 ; Montardo et al., 2003 ; 
Herrmann et al., 2006 ; Malengier and Baert, 2007 ) and seed number per plant (Herrmann et al., 
2006 ) had the largest effect on SY per plant. However, these earlier studies were based on single 
plants,  with the exception of Taylor and Quesenberry ( 1996 ).  SYFH was only investigated by 
Herrmann et al. ( 2006 ), who did not find a strong correlation between this component and SY per 
plant.  
 
Several cycles of selection was performed on the Norwegian tetraploi d material in order to improve 
seed yield. Results from the experiment 1 show 18 % higher seed yield in the newest Norwegian 
tetraploid variety ôLasangõ compared to first tetraploid on the market ôTripoõ. Likewise, experiment 
2 showed 23 % higher seed yield in the latest breeding line with improved seed yield ôLßRk0733õ 
compared to ôTripoõ. These differences were not significant but they clearly indicate improvement 
towards higher seed yields in Norwegian tetraploid material.  
 

Population × Location interact ion 
The P × L (population × location) interaction for SY was highly significant in both experiments (P < 
0.001 ), indicating that different environments are suitable for seed production of different 
varieties. The variation in SY between populations was hig hest at Landvik in 2012 , which indicates 
that that the choice of variety is more important at locations with favorable climatic conditions. 
However, in 2013  the variation in seed yield between populations was highest at Bjørke, which this 
year had more opt imal weather conditions than Landvik (data not shown) .   
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Table 1 . Mean values of seed production traits of each population of Norwegian and Swedish tetraploid red clover, mean values for po pulations developed by country of 
origin, mean values f or populations developed by chromosome doubling of diploids vs. crossing of tetraploids, and the main effect of location on s eed production traits in 
(Exp.1).   

 
   Traits 

Population Origin Breeding 
methods 

SY1 
(kg ha-1) 

NoMax 
(No. m-2) 

SYFH 
(mg) 

TSW 
(mg) 

Date5 Mat 
(%) 

NS 
(%) 

HS 
(%) 

Lasang N2 C3 305a4 540a 174a 3014bc 41bc 63bc 54ab 27a 
Lars N C 291a 545a 163ab 2858d 43ab 68abc 57ab 26a 
Reipo N C 275ab 521a 152ab 2967cd 42ab 62bc 54ab 29a 

Tripo N D 257ab 487a 147b 2935cd 44a 56c 52b 27a 
Lavine N D 227b 515a 123c 2891cd 40cd 72ab 56ab 29a 
SW Nancy S C 300a 569a 176a 3024bc 38de 67abc 53ab 30a 
Vicky S D 281ab 519a 152ab 3193a 36fg 68abc 60a 26a 
Betty  S D 280ab 533a 151ab 2916cd 35g 75a 58ab 28a 
SW RK1111 S C 274ab 525a 161ab 3106ab 37ef 63abc 57ab 24a 
SW Torun S D 251ab 458a 139bc 2917cd 40cd 65abc 55ab 28a 

Norwegian 272a 522a 153a 2962a 41a 64a 55a 27a 

Swedish 278a 520a 154a 3013a 37b 69b 56a 28a 

Doubled 259a 502a 142a 2971a 39a 67a 56a 28a 
Crossed  289b 540b 165b 2994a 40b 65a 55a 27a 

Landvik   459a 1113a 145b 2772c 39b 58b 63b 23b 
Bjørke   291b 259c 141b 3113a 40b 52b 33d 55a 
Lännäs   215c 481b 133b 2920b 47a - 54c 10c 
Svalöv   130d 232c 196a 3123a 33c 88a 72a 23b 

F27 (P x L)   2.49** 1.29 1.37 0.86 2.12** 2.71** 1.37 0.99 

1 SY-seed yield; NoMax-number of flower heads  at maximum flowering; SYFH-seed yield per flower head; TSW-thousand seed weight; Date5-beginning of flowering; Mat- 
percent of mature seeds at harvest; NS-percent of normal seeds; HS-percent of hard seeds.  
2 N, Norwegian variety; S, Swedish variety.  
3 C, Variety made by crossing of tetraploid plants; D, Variety made by doubling the chromosome number of diploid plants.  
4 Within each column and by population, country of origin, breeding method, or location means followed by the same letter are not significantly different at the 0.05 level.  
** Significant at the 0.01 probability level.  
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Abstract  
The objective of this study was to compare domestic alfalfa cultivars with those created in  the Baltic 
States as well as those commonly available in Latvian market, to evaluate their winter hardiness and 
suitability for forage and seed production in the conditions found in Latvia. The trials were conducted at 
the Latvia University of Agriculture  (LLU) Institute of Agriculture in Skriveri (56°37 N and 25°07 E) in 2015 
(the 1 st year of use).The results showed that there were no wintering problems for any alfalfa cultivars 
included in our trials conducted during a winter without lasting black frosts  and rapid temperature 
fluctuations, which tend to occur every couple of years. The following faster -growing cultivars  provided 
significantly  higher dry matter yield (DMY) in the 1st year of use if winter conditions had been favourable: 
Gea (10.98 t ha-1) and Eugenia (11.13 t ha-1) in total in four cuts; and Malvina(10.77 t ha -1), Birute (10.50 t 
ha-1) and SK Rasa(10.11 t ha-1) in total in three cuts. The best forage quality ð higher crude protein content 
and ratio of relative feed value was ensured by past ure type cultivars: Karlu and Juurlu; as well as the 

hybrid lucerne Skriveru, all of them foliate well forming dense sward. The h ighest seed yields - over 
600 kg ha-1 were provided by Jogeva 118, SK Rasa and Skriveru, which are good results for 
climatic co nditions found in Latvia. Alfalfa cultivars of southern origin have better regrowth 
intensity, they can provide an additional mowing in the growing season, but in some years their 
wintering may be risky, especially in the north -east of Latvia.  
 

Introductio n 
Alfalfa ( Medicago L.) is one of the most important open pollinated forage crops. It is entomophilous 
species that produces high biomass yields of excellent nutritive value. The wide geographic distribution of 
alfalfa is a result of this species great ada ptability to different climate and soil conditions, pests and 
diseases (Julier et al. 1995). In Latvia alfalfa among other forage legumes ranks next after red clover, as 
the soil conditions are not naturally suitable for growing alfalfa everywhere.  
Alfalf a prefer a warm climate , however Baltic weather conditions do not always comply with growing and 
wintering requirements of this species. Particularly special conditions are required for seed yield 
formation. As observed in Estonia (Bender 2000), the seed p roduction of hybrid lucerne ( Medicago x varia) 
cultivars has been very unstable as the yield varies by year depending on weather conditions at the time 
of flowering and harvesting. Nevertheless, the Latvian farmers have appreciated the excellent forage 
quality of alfalfa and each year the sown area increases. In addition new technologies are being 
developed, such as alfalfa pellet production, which also contributes to the increase of sown areas and 
hence the demand for alfalfa seed material.  
 
There are two cultivars of alfalfa registered and cultivated in Latvia: Skriveru ( M.varia ) and SK Rasa 
(M.sativa). The latter was registered in 2015. It was developed with the aim to create productive cultivar 
in terms of DM and seed yield with improved growth rate as w ell as to be suitable for slightly acid soils (pH 
KCL>5.8) (Luksa and Sparnina 2002). The introduction of foreign cultivars in Latvia is necessary due to the 
shortage of seeds of the domestic varieties. Different companies offer alfalfa seeds imported from  other 
European countries. They are not always adapted for cultivation in our soil and climatic conditions 
(Svirskis 1997) mainly due to their poor winter hardiness, especially in winters with black frosts or rapid 
temperature fluctuations. Also the summer climatic conditions in Latvia vary. In general 175 -185 days in a 
year have precipitation and the amount of rainfall varies from 550 mm in the Zemgale plain to 850 mm in 
the central highland of Vidzeme. The sum of the active temperatures (above +10 oC) is 1800oC on average 
in the whole territory of Latvia. In some years it reaches 2000 oC, which is the necessary amount for a 
normal seed yield development. Vegetation period lasts for 160 -180 days on average.  

 
The objective of this study was to compare domesti c cultivars with those created in the Baltic States as 
well as those commonly available in Latvian market, to evaluate their winter hardiness and suitability for 
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forage and seed production in Latvia.          

      

Materials and Methods  
The trials for evalu ation of alfalfa cultivars were established at the LLU Institute of Agriculture in Skriveri 
(56°37 N and 25°07 E). Nine cultivars for forage and six for seed production were evaluated in a 
randomized complete block design with four (forage production) and three (seed production trial) 
replicates. Sowing was performed without cover crop at the end of May 2014 in a sod -podzolic loam soil, 
pH KCl 6.0, plant available P 2O5 122 mg kg-1 (Egner-Rhiem), K2O 85.0 mg kg-1 (Egner-Rhiem), organic 
matter (OM) 18 g kg-1.  Before establishment the soil was limed using dolomite (6.0 t ha -1CaCO3). Preplant 
fertilizer was applied, providing N 25 kg ha-1; P2O5 50 kg ha-1; K2O 125 kg ha-1.  
A narrow row spacing (15 cm) with seeding rate 20 kg ha -1 in the trial for forage producti on and a broad 
row spacing (25 cm) with seeding rate 8 kg ha -1 in the trial for seed production was used. A plot size was 
10 m2 for forage and 8 m 2 for seed production.  
  

Meteorological conditions .   

The mean annual temperature in the growing season of 2015  from April to October was 12.5 oC, it was 
slightly above (+1.7 oC in April; -0.7oC in May; -0.3oC in June; -0.8oC in July; +2.3 oC in August; +1.6oC in 
September) the long -term average. The total amount of precipitation from April to October was 380.7 mm 
(long-term average is 436 mm). The driest month was August (only 21.2 mm or -65.8 mm in comparison 
with a long -term average).  
 

Assessment of forage trial  
The 1st cut was done in early June (beginning of flowering); the 2nd and the 3rd cut in approximately 40  
days after the previous cutting (in mid -July and at the end of August); and the 4th cut for two cultivars 
with fastest growing intensity (Gea and Eugenia) at the beginning of October. The winter hardiness in 
spring just after the beginning of vegetation a nd the sward density before and after the 3 rd cut were 
evaluated by percental accessing of the ground cover.  
 
The height of sward was measured and the visual sward assessment and regrowth intensity was always 
estimated just before cutting. The rating was e xpressed in points: 1 ð very poor; 9 ð very good condition of 
sward; 1 ð very slow; 9 ð very fast regrowth intensity. The forage quality of alfalfa DMY was assessed: 
crude protein (Kjeldal method), acid detergent fibre (ADF) and neutral detergent fibre (ND F) 
(gravimetrical method) were determined. The net energy of lactation (NEL, MJ kg -1) and relative feed 
value (RFV) were calculated: RFV = DDM*DMI/1.29coef; DDM% =88.9coef - (0.779coef*ADF%); DMI% = 
120coef/NDF%.  
 

Assessment of seed production trial  

Seeds were harvested on October 2 with plot combine Wintersteiger Delta, then dried and cleaned, and 
the yield (kg ha -1) was calculated.  
The experimental data were processed by analysis of variance (ANOVA), t he differences among means 
were detected by LSD at th e probability level of 0.05.  

 

Results and discussion  
The survival ability of alfalfa plants depends on the air temperature, soil surface temperature, soil 
freezing depth, snow depth etc.  during winter . The spring frosts at the beginning of vegetation are 
especially dangerous. Our experience shows that cultivars of northern origin have good winter hardiness in 
conditions found in Latvia. I t is confirmed by other researchersõ data, for example, Estonian hybrid 
lucerne Karlu had good winter hardiness up to 60 o49õ northern latitude in Finland (Mela et al. 1996). 
 
The winter of 2014/2015 was favourable for crop survival in Latvia. It was short, without lasting black 
frosts and large temperature fluctuations. These wintering conditions did not cause significant su rvival 
problems for any cultivar, as it had been some years before. The ratings of winter hardiness ranged from 
6.5 (Gea, Eugenia) to 8.5 points (Karlu, Malvina, Skriveru). A different situation was observed in 2014 
when after lasting black frost and rapid  temperature fluctuations cultivars of southern origin were 
severely damaged. Winter hardiness of more sensitive cultivars was assessed with 2.5 to 4.0 points (Gea 
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and Eugenia, respectively). For comparison, winter hardiness of domestic cultivars Skriveru and SK Rasa at 
the same time was assessed with 8.8 and 8.4 points, respectively (Jansone & Rancane 2015).  
During vegetation season in the 1st year of use the sward assessment fluctuated at around 7.5 points on 
average (Table 1). With intensive regrowth in the spring and after the mowing Gea and Eugenia (8.8 and 
8.5 points, respectively) were distinguished, following by Malvina, Birute and SK Rasa (7.3 - 7.5 points). As 
Karlu and Juurlu are pasture type cultivars, forming low and dense sward, in terms of reg rowth intensity 
they ranked below all other cultivars(5.1 and 4.4 points, respectively). Regrowth intensity quite strongly 
correlated with the height of the sward: the tallest were Gea and Eugenia, reaching 65 cm on average 
before cutting. Next followed SK  Rasa, Malvina and Birute with around 56 cm. Slower growing cultivars 
reached 40-45 cm in height on average before mowing.  
 
The ground cover of the swards before and after the 3rd cut ranged from 87 % to 95 % on average. In that 
assessment the best results were displayed by Karlu and Jogeva 118, while Gea and Eugenia formed not so 
dense ground cover. 
 
Table 1. The evaluation of alfalfa swards for forage production in the 1st year of use  

Cultivar  Origin Assessment of swards ð an average during the season Ground 
cover of the 

sward,  
% 

Visual assessment 
of swards  

(1-9 points) 

Regrowth 
intensity  

(1-9 points) 

Height of 
sward,  

cm 

1.a Skriveru LV 6.6bdEfghi* 5.8bDEfghi 45.4 bDEfghi 94.4FI 
2.b SK Rasa LV 7.5ACDEg 7.3ACDEfi 56.3ACDEfi 91.9dFI 
3.c Jogeva 118 EE 6.8bEfghi 5.9bDEfghi 45.6 bDEfghi 95.3FHI 

4.d Karlu EE 7.0AbEfghi 5.1abcEfghi 41.1abcfghi 95.9BFHI 
5.e Juurlu  EE 6.2abcdfghi 4.4 abcdfghi 39.6 abcfghi 92.5FI 
6.f Gea IT 7.4ACDEg 8.8 ABCDEGH 65.9ABCDEGH 87.8abcdeg 

7.g Malvina LT 7.9ABCDEFHI 7.5 ACDEfi 56.7ACDEfi 93.1FI 
8.h Birute  LT 7.6ACDEg 7.3 ACDEfi 56.3ACDEfi 91.3cdI 
9.i Eugenia BG 7.5 ACDEg 8.5 ABCDEGH 65.0ABCDEGH 87.5abcdegh 

LSD 0.05  0.29 0.36 2.89 3.58 
*- capital letters specify the variants with significantly ( P<0.05) lower result; lowerc ase letters specify variants with significantly 
(P<0.05) higher result  

 

Dry matter yield  
Cutting alfalfa at a definite growth stage yields are better when this stage is achieved in mean lower 
temperature with higher rainfall (Fick et al. 1988). We can conc lude that the weather conditions in 2015 
for forage production within the 1st and the 2nd harvest was favourable, there was enough precipitation 
from April to July (close to longterm average) and the air temperature was slightly below the norm.  
In growing season of 2015 in Skriveri most of alfalfa cultivars provided three harvests. Only two of all (Gea 
and Eugenia) were developed enough for the fourth cut in the first days of October, so they were both 
harvested for the fourth time.  
 

 
Significantly higher DMY in the 1st year of use was ensured by faster growing cultivars: Gea (10.98 t ha -1) 
and Eugenia (11.13 t ha-1) in total in four cuts; and Malvina(10.77 t ha -1), Birute(10.50 t ha -1) and SK 
Rasa(10.11 t ha-1) in total in three cuts (Table 2). Close to th e previously mentioned was Karlu, which despite 
of not having intensive regrowth capacity developed a dense sward and provided a good yield ð total DMY in 
the 1st year of use was 9.63 t ha -1.  
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Table 2.  The DM yield of alfalfa cultivars in the 1st  year of use 

Cultivar  DMY, t ha-1 
1st cut  2nd cut  3rd+4th** cut  in total  

1.a Skriveru 4.47 1.83 2.33  8.64bfghi* 
2.b SK Rasa 4.71 2.36 3.04 10.11ACE 
3.c Jogeva 118 4.74 2.00 2.12   8.85bfghi 
4.d Karlu 4.73 2.47 2.44  9.63Efi 
5.e Juurlu  4.12 1.55 2.49  8.16bdfghi  
6.f Gea 4.06 2.54 4.38 10.98ACDE 
7.g Malvina 5.35 2.59 2.82 10.77ACE 
8.h Birute  5.20 2.72 2.57 10.50ACE 
9.i Eugenia 4.74 2.48 3.92 11.13ACDE 

LSD 0.05 0.71 0.71 0.71 1.23 
*- capital letters specify the variants with significantly ( P<0.05) lower result; lowercase letters specify variants with significantly 
(P<0.05) higher result . **4th cut was done only for Gea and Eugenia 

 

Forage quality  
Forage quality is a very important feature of sward. It depends on many factors: cultivar, weather, 
growing conditions, harvest time, number of cuts. In general the best quality is achieved when alfalfa 
plants are at the bud stage, the lowest ð at the blooming stage (Gaile& Adamovics 2002). Crude protein 
(CP) content in forages decreases with plant maturit y as the leaf proportion decreases while the fibre 
content increases (Aufrere & Graviou 2002). That explains the results of our chemical analyses (Table 3), a 
relationship between cultivarõs growing intensity and forage quality was observed: the significantly lower 
CP on average in the 1st and 2nd cut was found in DM produced by Gea and Eugenia as they are faster 

growing cultivars with less proportion of leaves. Gea had a higher content of ADF and NDF also. It 
resulted in a relatively lower feed quality ð Gea had the lowest rates of relative feed value (RFV - 

111.7) and net energy of lactation (NEL ð 5.6 MJ kg-1). The best forage quality was ensured by pasture type 
lucerne Karlu and Juurlu, as well as hybrid lucerne Skriveru as they all have a relatively hig her proportion 
of leaves.  

 
Table 3.  The chemical content of alfalfa swards (% of dry matter) in the 1st year of use ð an average of the 1st and 
2nd cut of DM 

Cultivar  Crude protein, 
% 

ADF, % NDF, % RFV NEL, 
MJ kg-1 

1.a Skriveru 15.5cdeFI* 33.2 45.8 128.2F   6.0F   
2.b SK Rasa 15.3cdeF   35.1 48.8DE   117.4e   5.8 
3.c Jogeva 118 17.0ABFGHI   34.5 45.9 125.8 5.9 
4.d Karlu 17.4ABFGHI   35.3 43.6bfh   131.4FH   5.8 
5.e Juurlu  17.1ABFGHI   33.8 43.0bfh   136.1BFHI   5.9 
6.f Gea 12.9abcdegh   37.3 50.3DE   111.7ade   5.6a   
7.g Malvina 15.2cdeF   36.1 46.7 121.1 5.7 
8.h Birute  14.7cdeF   36.7 49.3DE   114.2de   5.7 
9.i Eugenia 13.8acde   36.3 47.2 119.5e   5.7 

LSD 0.05 1.5  4.2  4.8  16.1  0.3  
*- capital letters specify the variants with significantly (P<0.05) lower result; lowercase letters specify variants with significantly 
(P<0.05) higher result  

 

Seed yield  
The seed yield alongside with DMY is a very important characteristic of alfalfa cultivars because it is quite 
problematic to obtain good seed yi eld from all alfalfa cultivars in conditions found in Latvia, especially for 

cultivars from southern countries with better regrowth intensity. Alfalfa  seed yield varies according to 

different circumstances: the morphological characteristics of the plant (c ultivar), the soil and climate 
conditions. Weather conditions at the time of flowering and harvesting (Meripold & Tamm 2011) are very 
essential. In cool and rainy summers that occur every few years in Latvia the alfalfa flower pollination and 
the seed form ation is disturbed. However, the potential seed capability of alfalfa cultivars bred in Baltic 
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States is high, reaching up to 500-600 kg ha-1 in the years with favourable weather conditions (Bender 
2000). 
 

 
Figure 1.  The seed yield of alfalfa cultivars in  the 1st year of use  

 

Generally in 2015 the weather conditions were favourable for alfalfa seed development. The 
harvested seed yields in our trial ranged from 263 kg ha -1 (Gea) to 783 kg ha-1 (Jogeva 118). High 
yields - over 600 kg ha-1 were harvested fro m SK Rasa (648 kg ha-1) and Skriveru (646 kg ha-1). It 
is a good result for conditions found in Latvia. It should be noted that h igh seed yields for some 
cultivars was partly promoted due to the self -pollinating properties. There is information 
showing that up to 75% of Jogeva 118 plants have self-pollinating properties (Bender 2000). These 
qualities are partly displayed also by cultivars Skriveru and SK Rasa providing more stable seed 
yields especially in less favourable conditions.  
 

Conclusions 
A comprehensive assessment of alfalfa cultivars showed that alfalfa can provide good DMY with a high 
forage quality in conditions found in Latvia. In summers with favourable weather conditions, the cultivars 
originated in Baltic States can produce high (over 600 kg h a-1) seed yield.  
Cultivars of southern origin ð Gea and Eugenia show more rapid regrowth in spring and after mowing, 
which allows for an additional harvest (4th cut). However, varieties with a slightly slower regrowth rate - 
Malvina, Birute and SK Rasa, form dense swards and the total DMY from three mowings is almost 
equivalent (10 -11 t ha-1) to the previously mentioned.  
The highest seed yields were provided by cultivars with self -pollinating properties: Jogeva 118; SK Rasa 
and Skriveru. 
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Sammendrag 
1.6.2015 innførte Norge EUs regelverk på plantevernmiddelområdet. Innføring av Forordning (EF) 

1107/2009 vil gi store endring er i godkjenningsprosessen i Norge. Kostnadene med å utvikle og registrere 

nye aktive stoffer og produkter har økt betraktelig. Det er strenge krav til godkjenning, og 

plantevernfirmaene vil være sikre på at det ikke blir avslag for å søke om godkjenning a v et 

produkt/aktivt stoff. Utvikling av nye produkter vil først og fremt skje i store kulturer og markeder hvor 

det er mulighet for inntjening. Norge, som en del av den nordre sonen, er et meget begrenset marked. 

Muligheten til å søke om utvidet godkjennin g for kulturer av mindre omfang (minor use) vil kunne hjelpe 

på tilgangen av plantevernmidler.  

 

Abstract  
Norway implemented EUõs Regulation (EC) 1107/2009 1st of May 2015. The implementation will affect the 

Norwegian approval process. Cost to research and development of a new active substances and plant 

protection product have increased. There are strict requirements for approval and authorization. The 

plant protection company will not risk a refusal of new active substancesõ or products. Development of 

new products will be in large crops and market with potential for good returns. Norway, as part of the 

Northern zone, is a very limited market. The opportunity to apply for minor use will solve some of the 

problems with limited access to plant protection prod ucts.  
 

Innledning  
Tilgang på plantevernmidler i Norge er allerede et problem i noen kulturer av mindre omfang (minor 

crops), og det ser ut til at det også kan bli utfordrende videre fremover. Det kan være flere årsaker til 

dette. Jeg vil peke på noen årsa ker ut fra de erfaringer jeg har og utviklingen i EU (McDougall). Siden 

Norge fikk ny forskrift om plantevernmidler i 2015 tas det også med de viktigste endringene.  

 

Regelverk   
EU innførte nytt regelverk om markedsføring av plantevernmidler gjeldene fra 1 4. juni 2011, Forordning 

(EF) nr 1107/2009. Formålet med nytt regelverk var bl.a. å styrke beskyttelsen av helse og miljø, forenkle 

godkjenningsprosedyrene, styrke konkurranseevnen for produsenter   av plantevernmidler og øke 

tilgjengeligheten av plantever nmidler for brukerne og redusere bruk av forsøksdyr.  

 

Norge har siden 1954 har eget regelverk på plantevernområdet, og har hatt en ikke tidsavgrenset unntak 

fra EU/EØS. EU sitt nye regelverk ivaretok mye av de kravene Norge hadde, og det ble vurdert at de t ikke 

lenger var nødvendig med et unntak. 1. juni 2015 trådte derfor en ny forskrift om plantevernmidler i kraft 

i Norge. Forskriften implementerer blant annet direktiv 2009/128/EF om bærekraftig bruk av 

plantevernmidler, og Forordning (EF) nr 1107/2009 o m markedsføring og godkjenning av plantevernmidler.  

 

Endringer som følge av nytt regelverk  
Implementering av forordningen vil gi store endringer i godkjenningsprosessen for virksomme stoffer og 

preparater i Norge, men det vil bli mindre endringer i hvilke  typer stoffer som blir godkjent. I praksis vil 

det si at noen stoffer vil kunne gå ut i Norge på grunn av strengere kriterier for miljøbeskyttelse og 
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endokrine effekter i EU, og at Norge vil kunne få inn et begrenset antall nye stoffer på grunn av at 

helsekriteriene er noe svakere i EU.  

 

Totalt sett vurderte Mattilsynet at det vil bli flere preparater på markedet, særlig i veksthus, fordi det 

norske markedet blir mer attraktivt ved deltagelse i en felles godkjenningsordning (Mattilsynet, 2009).  

 

Aktive st offer vurderes nå på fellesskapsnivå i EU. Etter at det aktive stoffet er godkjent/regodkjent kan 

firmaene søke om produktgodkjenning i aktuelle land.  

 

Ved vurderinger av produkter på friland er Europa inndelt i 3 soner, Nordre sonen (Norden og Baltikum, 7 

land), Sentrale sonen (13 land) og Søndre sone (9 land). Et medlemsland gjør vurdering av produktet på 

vegne av de andre landene i samme sone. I tillegg gjøres det en nasjonal godkjenning i hvert enkelt land 

hvor produktet er søkt markedsført.   Produkte r som ikke vurderes i de ulike sonen, men for hele EU er 

produkter til beisning, veksthus, behandling etter høsting og tomme lagerrom.  

  

Medlemsland har mulighet til å fastsette risikobegrensende tiltak som følge av særlige forhold.  

Godkjenning kan også avslås på visse betingelser. Avslaget må være vitenskapelig begrunnet med at det 

høye beskyttelsesnivået beskrevet i regelverket ikke lar seg oppfylle på grunn av særskilte nasjonale 

forhold eller at en har betydelig sikrere ikke -kjemiske metoder.  

 

Gjensidig godkjenning (mutal recognition) er en ny mulighet. Gjensidig godkjenning er en forenklet 

framgangsmåte for godkjenning, hvor en kan søke om godkjenning av et produkt som er godkjent i ett 

annet land i EU etter Forordning (EF) 1107/2009. Det må dokumente res at produktet tilfredsstiller de 

norske kravene. Normalt vil en gjensidig godkjenning basert på en godkjenning utenfor den nordre sonen 

ikke oppfylle kravene.  

 

Avviklingsperioden i Norge er forkortet og er nå et halvt år for import/salg og 1 år for bruk  og avvikling av 

lager etter at godkjenningen opphører (maks 18 måneder). Tidligere var avviklingsperioden inntil 3 år.  

 

Norge hadde tidligere 5 årig godkjenningsperiode. Nå er dette endret til 10 år som det normale ved første 

gangs godkjenning. Godkjenningsperioden er begrenset til 7 år dersom det aktive stoffet er kandidater for 

substitusjon, og blir produktet kun godkjent pga plantehelsen blir det godkjent for 5 år. For 

Lavrisikoprodukter og regodkjenninger gis det 15 år.  

 

Substitusjon  
I Norge har vi hat t substitusjonsprisnippet lenge, det vil si at et produkt kan få avslag dersom det finnes 

alternativer som er bedre på helse og miljø. I det nye regelverket er det også substitusjon, men på en litt 

annen måte. Det er utarbeidet en liste med de aktive stoff ene det er ønskelig å fase ut, de innehar visse 

kriterier på helse og miljø som er uheldige. Medlemslandene skal vurdere om produkter som inneholder 

disse aktive stoffene kan erstattes av andre kjemiske eller ikke kjemiske løsninger. Listen inneholder 77 

stoffer (januar 2015). 12 av disse er godkjent i Norge. Ca. 8 av disse har Norge allerede avslått før 

innføring av nytt regelverk.  

 

Aktive stoffer på substitusjonslisten som brukes i frøeng er; diquat (Reglone/Retro), tiakloprid (Biscaya), 

lambda cyhalotri n (Karate), esfenvalerat (Fastac) og cyprodinil (Acanto Prima).  

 

I henhold til Pesticide databasen i EU er det 486 aktive stoffer som er godkjent, 792 aktive stoffer som 

ikke er godkjent og 35 stoffer som ikke er behandlet. I Norge har vi godkjent 111 akti ve stoffer (2014).  

 

Gebyrer  
Ved innføring av det nye regelverket ble gebyrene for godkjenning endret. Tidligere kostet det ca kr 25 

000 for å få godkjent et produkt i Norge. Nå er disse gebyrer mer på lik linje med andre land i EU. 
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Eksempelvis så koster det kr 397  000,- når Norge er saksbehandlende land i sonen, og kr 183 000 når Norge 

vurder et annet lands dokumentasjon.   

 

 

 

Trender ð inntjening og kostnader  
 
Utviklingen av nye aktive stoff på verdensbasis har vært nedadgående over lengre tid, men kan se ut til å 

øke noe igjen. Figuren under viser utviklingen av nye aktive stoffer fra 1999 til 2013 (McDougall, 2014).  

 
Figur 1 / Figure 1.  Utvikling av nye aktive stoffer /Development of active ingredients. (McDougall, 2014)  

 

I EU ser vi en trend på at det b lir færre firmaer som driver med forskning og utvikling i Europa. Årsaken til 

dette kan være at det er andre markeder som er mere attraktive og gir større muligheter for inntjening 

samt at det er strenge godkjenningskrav i Europa (McDougall, 2013).  

 

Over tid har kostnaden med å utvikle nye aktive stoffer og produkter økt betraktelig. Fra 2000 til 2014 har 

kostnadene økt med 165 millEuro ($102 mill). En av årsakene er økte krav til dokumentasjon /forsøk fra 

myndighetene. Figur 2 viser endringer i kostnader for de ulike delene som kreves for å kunne få godkjent 

ett produkt. Det er også forventet at kostnadene vil øke frem til 2019 med rundt 4,1 % per år. Det er 

forventet at det er kostnadene med utvikling av nye aktive stoffer som øker mest (McDougall, 2016).   

 

Undersøkelser viser også at antall år det tar fra ett molekyl utvikles og til det kommer på markedet har 

økt. I 2000 tok det 9,1 år fra første syntetisering til produktet var på markedet. I perioden 2010 -14 hadde 

dette økt til 11,3 år (McDougall, 2016).  

 

Siden kostnadene med forskning og utvikling av nye aktive stoffer/produkter er høye og det er strenger 

kriterier for å få godkjent et stoff, skal firmaene være meget sikre på at stoffet/produktet vil kunne bli 

godkjent for at de bestemmer seg for å utvik le stoffet/produktet videre. Dette har antagelig ført til at det 

utvikles færre stoffer/produkter i dag en tidligere i Europa (McDougall, 2013).   

 
























































































































































































































