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Introduction 
l Short about Bioforsk and seed production in Norway 

ü Climatic conditions  

ü Species  

ü Acreage and seed yields 

 

 

 

Flower induction requirements 

Seed crop management 
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About Bioforsk 

l Bioforsk is a national R&D institute under the 

Norwegian Ministry of Agriculture and Food.   

450 employees. Our head office is located in Ås, 

near Oslo.  

 

l Our research divisions are represented in all 

major regions in Norway. 

 

l Bioforsk Landvik is located in the southern part 

of Norway (58 oN). 16 employees.  

 

l Main research activities at Landvik are:  

      - Vegetables / early potatoes 

      - Seed production 

      - Turfgrass  

 

 

 

 

Conventional  Organic 

Species Acreage (ha) Seed yield  Acreage (ha) Seed yield  

2009 2010  Average 

2004-2010 

2009 2010 Average 

2004-2010 

Timothy  1385  1829 690 56 75 490 

Meadow fescue 501 746 590 13 31 420 

Red clover, diploid  467 630 250 16 79 180 

Red clover, diploid  20 49 180 

Kentucky bluegrass 145 140 400 

Creeping red fescue 66 203 400 

Colonial bent grass 86 125 235 

White clover  18 99 200 

Smooth brome grass 54 71 490 

Perennial ryegrass 33 64 1165 

Cocksfoot 42 32 480 

Reed canary grass 6 24 265 

Sheep fescue 8 6 400 
Total  2811 3971 85 185 

Herbage seed production in Norway 
l Timothy is the main species in Norwegian seed production (about 50% of total acrage), 

followed by meadow fescue (18 %) and red clover (17%).  
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(Bioforsk  Landvik) and northern ( Bioforsk  

Apelsvoll ) part of  the  main Norwegain  seed 

growing  area compared  with  Tallinn  

 



22.11.2011 

4 

0

20

40

60

80

100

120

140

160

180
M

e
a

n
 m

o
n
th

ly
 p

re
ci

p
ita

tio
n
, m

m
 

Landvik

Tallinn

Apelsvoll

Mean monthly  precipitation  in the  southern 

(Bioforsk  Landvik) and northern ( Bioforsk  

Apelsvoll ) part of  the  main Norwegain  seed 

growing  area compared  with  Tallinn  

l The number of fertile tillers at anthesis is a function of the number and size of 

vegetative tillers present prior to flower induction. 

l Most temperate grasses have a dual flower induction requirement. They require short 

days (SD) and/or low temperature in autumn followed by long days (LD) in 

spring/summer. The means than only tillers that have reached a certain size in 

autumn will become reproductive  

 

 

l Meadow fescue and red fescue have the longest requirements  

for primary induction (16-20 weeks). Therefore, tillers of these  

species must be formed in early autumn to become reproductive next year.  

l Timothy requires only Long Day for flowering. Spring-formed tiller can develop 

ears (but they will usually be  very short).  

Short day 

Low temp. 
3-10 ɕC 

 

Long day 
Secondary 

induced Flowering 

Primary 

induced 
Vegetative 

plant 

Flower  induction  requirements   
Fundamental for understanding  of  seed crop   management  

 

Moderate temp. 
12-18 ɕC 
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Planting 

date 

Plant spacing 

(cm) 

Plants per  

m2  

Tiller 

density/

m
2 

 

(1 Nov)   

Seed 

heads/ 

m
2
 

Weight per 

(unthreshed) 

seed head 

(mg) 

Seed 

yield/ha 

June 15 30 x 30 11 1122 963 (86%) 92 813 

July 15 15 x 15  44 1830 1396 (76%) 59 775 

Aug. 15 7.5 x 7.5 178 2507 1481 (59%) 45 626 

  

l Tillers formed in late autumn will have a lower chance of becoming 

reproductive and will also develop shorter/lighter seed heads than older tillers. 

 Effect of planting date (without cover crop) and plant density on seed yield 

components of meadow fescue, Landvik 1999-2000) 

Plants with few,  but 

strong early formed tillers 

Plants with many, but  late- 

formed weak/small tillers 

EXAMPLE 

Seed crop  management in  

sowing year   

Crop rotations and preparations: 
 

l Rotations with mostly spring-sown crops result in less problems with winter-annual 

weeds.e.g. Poa trivialis and Matricaria inodora 

l Spring cereals are OK precrops, but row cultures, e.g. potatoes or vegetables,  

are even better.  

l Have control of Elytrigia repens and other perennial weeds before sowing.  

l Conventional tillage (plowing) is recommended !  

Early plowing in autumn in the year before sowing, followed by harrowing several times in 

autumn if weather permits (autumn fallow), reduce seedbed weed content and enable 

sowing with minimal loss of soil moisture  in the following spring. 
 

l According to the Norwegian Seed Act, meadow fescue, perennial ryegrass, smooth 

bromegrass and other large-seeded species can only grown for seed  

on properties without wild oat (Avena fatua) 
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Establishement  in  

cover crop  vs. pure stand  

 

l Plant development (number and size of tillers) by 

the end of the sowing year has a profound effect 

on seed yield in the following year. 

 

l Cover crops normally have a negative influence 

on seed yield due to competition, mainly for light 

 

l However, cover crops also may also have a 

positive effect: Weed competition 

 

l Two-row barley and spring wheat are the most 

common cover crops in Norwegian seed 

production.  

 

       

 

 

 

The negative effect  of  cover crop  (2 row  barley  or spring 

wheat ) on seed yield  in the  first seed harvest  year  

compared  with  sowing in pure stand  

(experiments  in the1980õs)  

Grass species % seed yield reduction 

Landvik 

(58oN) 

Hellerud 

(60oN) 

Meadow fescue 24 59 

Cocksfoot 38 70 

Red fescue 84 86 

Kentucky 

bluegrass 

83 95 

Jonassen & Hillestad 1990 
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With cover crop : 

Å Timothy   

Å Red clover 

Å White clover 

Å Perennial ryegrass 

Å Meadow fescue 

Å Colonial bentgrass (=browntop ) 

Å Cocksfoot 

Å (Red fescue) 

 

Establishment in  

cover crop  vs. pure stand  

 

Without  cover crop  (pure stand):  

Å Red fescue 

Å Kentucky bluegrass  

Å Sheep fescue 

Å Smooth broomegrass 

Å Reed canary grass 

 

 

 

 

Norwegian recommendations : 

Sowing rate and nitrogen rate to 

cover crop  
 

l Until a few years ago, we recommended to reduce cover crop sowing 

rate and nitrogen rate by 30 % compared  to standard practice in 

barley or spring wheat production.  

 

l However, these recommendations were based experiments with old 

cultivars of wheat and barley.  Nowadays, cultivars have shorter and 

stiffer stems and are less susceptible to lodging.  

 

l The following slides show results from recent experiments with cover 

crop for establishment of meadow fescue, red fescue and white clover 
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From the  trials with  establishment of   

meadow fescue in spring wheat  or barley  

Experimental plan, meadow fescue : 

Factor 1: Cover crop species 
1. 2-row barley (cv. Annabell) 

2. Spring wheat (cv. Bjarne) 
 

  

Factor 2. Cover crop sowing rate 
A. Full sowing rate of barley and wheat (380 and 560 seeds /m2, respectively).  

B. Sowing rate reduced by 30% compared to treatment A. 
 

 

Factor 3. Nitrogen rate 
X. Full nitrogen rate (110 and 120 kg N/ha for barley and spring wheat, respectively)  

Y. Nitrogen rate reduced with 30% compared to treatment X. 
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Results 
 

 

l No lodging in any of the cover crops. 

 

l Cover crop sowing rates and N rate 

had much less influence on total 

profitability than in similar 

experiments 20 years ago.  

 

l Tendency for nitrogen rate to be 

more important that sowing rate in 

barley.  

 

l Tendency for sowing rate to be more 

important that nitogen rate in spring 

wheat.  

 

 

Net income over two years: 

Results from red fescue  

220 kg/ha 150 kg/ha 
210 kg/ha 140 kg/ha 

2-row barley óAnnabellô Spring wheat óBjarneô 
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Nitrogen rate:  F = Full,  R = - 30% 

Yield of cover crop Seed yield 

Sowing rates 
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Seed crop  establishment of   

white  clover, 2001-2003 

 

 

 

FACTOR 1: Cover crop 

1. Barley (cv. Kinnan), 130 kg/ha = 240 seeds /m2 

2. Barley (cv. Kinnan), 200 kg/ha = 360 seeds/m2 

3. Spring wheat (cv. Avle), 150 kg/ha = 350 seeds/m2 

4. Spring wheat (cv. Avle), 225 kg/ha = 525 seeds/m2 

 
FACTOR 2: Sowing rate / row spacing for white clover 

1. Double row spacing (26-30 cm),  sowing rate 1.5 kg/ha = 200 seeds/m2 

2. Single row spacing (13-15 cm), sowing rate 3.0 kg/ha = 400 seeds/m2  

 

(cover crop and white clover seeded in cross) 

 

Results (mean of  7 trials ) 

Cover crop  Sowing rate 

(cover crop ), 

kg/ha  

Grain yield  in 

sowing year  

(kg/ha)  

Seed yield, 

first seed year  

(kg/ha)  

Barley (cv. Kinnan) 130 4910 211 

Barley (cv. Kinnan) 200 5250 212 

Spring wheat (cv. Avle)  150 3990 232 

Spring wheat (cv. Avle)  230 4370 236 

Å Plots undersown in spring wheat gave the highest white clover seed 

yield.  

Å No significant effect of cover crop sowing rate, nor white clover row 

spacing or sowing rate, on white clover seed yield (not shown). 
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Conclusion ð cover crops 

 

 

No reduction  in cover sowing rate or  N rate is 

necessary  when  undersowing  seed crops of    

Å Timothy  

Å Meadow fescue 

Å Red clover 

Å Perennial ryegrass 

Å White clover  

30 % reduction  in sowing rate and nitrogen rate  

is still recommended  when  undersowing    

Å Cocksfoot,   

Å Colonial bentgrass (browntop ) 

Å Red fescue 

 

Spring 2-row barley  and spring wheat  equally  good cover crops for grasses  

Wheat allows for more light  penetration  during the first part  

of the season, but  barley is harvested 1-2 weeks earlier  
 

Spring wheat  slightly  better  than  barley  for white  clover  (and red clover  ?) 

Sowing in a pure stand  
 

l After an early harvested crop  

(eg. early potatoes, vegetables etc).  

l Efficient weed control before sowing:  

Barren (chemically fallowed) seedbed 

l Predominant method for species having  

a long establishment period: Red fescue,  

sheep fescue, Kentucky bluegrass,  

smooth broomegrass, reed canary grass  

l For these species, the establishement  

year without income is compensated by a subsidy  

l Typical procedure:  

- Autumn plowing 

       - Prepare seed bed as normal in early spring  

       - Glyphosate 1-2 times before sowing,  

          no tillage that stimulate weed germination   

       - Sowing not  later than 15 June ï 15 July  

          depending on grass species and length of  

          growing season 
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Barren ( chemically  fallowed  seedbed: 

Disturbance  of  outside  rows will   

stimulate  germination  of  weeds 

Sowing depth 
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Sowing depth, cm 

In pots with soil In field

The effect of sowing depth on germination of timothy seed 

 

l Timothy, Kentucky bluegrass and other small seeded species: Sowing depth less than 1 cm. 
 

 

l Large seeded species (meadow fescue, perennial ryegrass etc.): Sowing depth 1 - 2 cm 

 

l Seed-soil contact is very important ! 

 

Meadow fescue 

Timothy 
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Sowing rates for grasses and clovers  

l Target seed crop densities :  

       - Grasses: 50 - 100 plants per m2   

       - Clovers:  10 - 50  plants per m2  

Species Sowing rate, 

kg/ha  

Smooth bromegrass 5 - 10 

Perennial ryegrass 5 -10 

Meadow fescue 5 -10 

Cocksfoot 4 -8 

Red fescue 4 - 8 

Kentucky bluegrass 4 - 8 

Sheep fescue 6 -10 

Reed canary grass 3 - 6 

Timothy 3 ð 5 

Colonial bent grass 3 - 5 

Red and white  clover 2 - 4 

l The lowest sowing rate should be used under optimal germination condidtions 

Recommended sowing rates 

B.i. 
L.p. 

D.g. 
F.p. 

A.g. 
Ph.a. 

Ph.p. 

F.r. 
F.o. 

P.p. 
A.c. 

Primarily 

forage 

grasses  

Primarily 

turf-

grasses  
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Row spacing  

l Many seed growers drill timothy, 

cocksfoot, smooth bromegrass and  

reed canary grass in every other row, 

i.e. 24-30 cm row spacing 

 

l Most experiments show that seed 

yield is more dependent on sowing 

rate than on row spacing:  With some 

sowing machines, sowing in every 

other row may be necessary to get 

down to the optimal sowing rate, but 

there is little effect of row spacing per 

se.  

 

l Use of wide rows for mechanical 

weed control is  appropriate for 

organic seed production, but so far, it 

has not been common in Norway 

 

 

 

Weed control  in sowing year  is critical  to next  yearõs seed 

YIELD (and quality ) 

Weed control in sowing year 

The most problematic  weeds in herbage  seed are 

winter -annual, biennial  and perennial  species that  

germinate  in the  sowing year   

Poa annua 

Matricaria inodora  

and Poa trivialis 
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Effect of Poa annua density in the sowing 

year on next yearõs seed yield of 

cocksfoot  

y = -0.8x + 59

R
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Rolston & Hare 1986 

The competitive effect of weeds will be strongest :  

Å For species  that establish slowly and are normally seeded without cover crop (e.g. red 

fescue, Kentucky bluegrass, sheep fescue,  smooth bromegrass, etc.) 

Select Hussar 

Unsprayed  

Control of Poa annua and other grass weeds  

in sowing year, sheep fescue 
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Timing (spraying) Active ingredients Herbicide Rate per ha 

To all grasses, with or without cereal cover crop: 

When grass  

seedlings have  

1-2 leaves  

Chlopyralid + fluroxypyr 

+ MCPA 
Ariane S 2.0 ï 3.0 L 

Florasulam Primus 50 - 100 mL 

Florasulam + fluroksypyr Starane XL  0.8 ï 1.0 L 

Against grass weeds in meadow fescue and perennial ryegrass  

In autumn, after harvest of cover 

crop 
Fenoxaprop-P-ethyl Puma Extra 

0.5 ï 1.0 L  

(off-label) 

To red / sheep fescue, Kentucky bluegrass and smooth bromegrass, without cover crop: 

When grass seedlings have  

2-3 leaves and are at least 1 cm  

Iodosulfuron-methyl-

sodium 

Hussar OD  

(+ Renol) 

50 mL  

(off-label) 

To red / sheep fescue, without cover crop: 

When grass seedlings have 3-4 

leaves and are at least 5 cm 
Chletodime 

Select  

(+ Renol) 

0.4 ï 0.5 L  

(off-label) 

Chemical weed control ï herbicides approved for use in 

grass seed crops in sowing year 

Timing (spraying) Active ingredients Herbicide Rate per ha 

White and red clover  

 

When clover has developed 

spade leaf to first triple leaf 

 

 

 

 

 

 

MCPA  MCPA 

0.8 ï 1.0 L  

(lowest rate to 

white clover) 

Bentazon + MCPA Baragran M75 

3.0 ï 4.0 L 

(lowest rate to 

white clover) 

Pyridate + MCPA  
Lentagran + 

MCPA 
1.5 kg + 0.7 L 

 

 

Red clover only  

When clover has developed 

spade leaf to first triple leaf 

Tribenuron-methyl + 

MCPA* 

Express + 

MCPA 

1 tablet + 0.5 L 

(off-label) 

Chemical weed control ï herbicides approved for use in 

clover seed crops in sowing year 

Å Express + MCPA  is a rather tough treatment, but red clover seedlings will normally recover  

Å MCPA in tank mixture mitigates the harmful effect of Express  
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1.0 tablet Express + 

0.5 L MCPA 750 

Evalutation of herbicides in red clover, sowing year 

1.0 tablet Express 

Unsprayed control Basagran M75, 3.5 L/ha 

Management of  cover crop  straw   

and stubble  
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Stubble  height  / straw  managements 

l In the period 2002-07, effects of different stubble heights and 

cover crop straw managements was investigated in seed crops 

of timothy, meadow fescue and red clover.  

 

l Vegetative develpoment in autumn after cover crop harvest was 

affected by stubble height, but not by straw managements:  

 

       Increasing stubble height led to:  

        - Less light penetratration seed crops seedlings 

        - Reduced tillering 

        - Longer, but thinner (etiloated) leaves  

 

  

Stubble height 

Meadow fescue  

(3 trials) 

  Timothy  

( 3 trials) 

tillers/

m2 

Plant 

height, cm 

  tillers/

m2 

Plant  

height, cm 

Low (5-10 cm) 555 23   1288 20 

High (20-30 cm) 432 37   1003 27 

Registrations by the end of the growing seasong: 

Seed yield  (kg/ha) 

Timothy Meadow 

fescue 

Red  

clover 

Number of trials 4 7 3 

Factor 1. Stubble height at combining (mean of straw management) 

1. Low (5-10 cm) 657 (100) 487 (100) 312 (100) 

2. High (20-30 cm) 648 (99) 464 (95) 275 (88) 

Sign. ns ns Almost sign. 

      

Factor  2. Stubble  and straw  management ( mean of  two  stubble  heights ) 

A. Straw removed soon after  harvest (control ) 642 (100) 479 (100) 292 (100) 

B. Straw chopped and spread during combining 664 (103) 472 (99) 295 (101) 

Sign.  ns ns ns 

Management of  cover crop  stubble  and straw  
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ÅIn timothy, red clover and meadow fescue, chopping of straw during cover 

crop harvest seems to be an acceptable alternative to straw removal. 

ÅIt is very important that the chopped straw is spread evenly so that new tillers 

are able to penetrate easily  

ÅIn wheat, even the chaff has to be spread evenly.  

ÅStubble height should not exceed 10 cm.  

Management of  cover crop  stubble  and straw  

Conclusion 

Autumn fertilization in sowing year 
l Because of their dual flower 

induction requirement, it has 

always been recommendend to 

apply fertilizer as soon as 

possible after cover crop harvest 

to all grass seed crops except 

timothy 

l Typical rates are 30-40 kg N/ha 

 

l The exception for timothy has 

been justified by the speciesô 

single induction requirement 

l Some timothy sowings, are, 

however, rather weak.  

l In 2007 we started experiments 

to test if autumn fertilization might 

improve first year seed yields 

even of timothy 
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RESULTS 
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Tiller density  / m2 soon after  cover crop  harvest  

Relationship between tiller density in autumn and timothy  seed yield increase 

in the following year due to N application immediately after cover crop harvest  

Based on these results, we now recommend nitrogen after cover  

crop harvest, even in (weak crops of) timothy ! 

Management in the  

seed harvest  years 
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Species Recommended N 

rates in the  spring of  

the  seed harvest  

years,  kg/ha  

Timothy  60 ð 90 

Meadow fescue 70 ð 100 

Red and white  clover 0 

Perennial ryegrass 100-120 

Cocksfoot  90-110 

Smooth bromegrass  50-80 

Colonial bent grass 40-70 

Kentucky bluegrass 50-70 

Red fescue 50-70 

Sheep fescue 50-70 

Reed canary grass 80-100 

Spring fertilization 

l Nitrogen has the strongest 

impact on plant growth and 

development, including the risk 

for lodging  

l The highest N rates are always 

used on sandy soils and on 

soils low in organic matter.  

l Most seed production in 

Norway is carried out on heavy 

soils that have been cultivated 

for many years, hence, 

fertilization with K, P and other 

nutrients have little influence on  

seed yield. A typical fertilizer 

type is NPK 25-2-6. 

l Clover seed crops normally do 

not receive fertilizer 

 

 

Timing of spring fertilization 

l Up to the late 1990ôs, nitrogen was applied as early as possible in spring to all grass seed crops 

except timothy. This was based on Danish trials showing early N input to be important for 

species with a rapid generative development in spring.  

l For timothy, it was, however, recommended to postpone N fertilization until start of tiller 

elongation in mid to late May, as this was believed to result in less lodging and longer seed 

heads.  

l Since 1998, a total of 20 experiments on timing of N application has been carried out in timothy. 

      - 11 exp. with cv. Grindstad (main cultivar for south Norway, good regrowth ability, origin 59 oN) 

      - 9 exp with cv. Vega (winter hardy cultivar for the northern regions, origin 67 oN) 

 
Experimental plan: 
 

Factor 1: N-input in early spring (calcium-ammonium nitrate) 

1. 25 kg N ha-1 

2. 50 kg N ha -1 

3. 75 kg N ha ï1 

 

Factor 2: N-input in late spring (mid-May, Z 31) (calcium nitrate) 

 A.    0 kg N ha -1 

 B.   25 kg N ha -1 

 C.   50 kg N ha -1 

 D.   75 kg N ha -1 

 

Most trials treated with chemical growth regulators 

 

cv. Grindstad 
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The effect of different splitting of a total spring  N -rate 

of 75, 100 or 125 kg N on lodging at anthesis  

Mean of twenty trials.  
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spring 

l Lodging at flowering was more affected by the total N-rate than  

by timing of N-application in spring. 
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Grindstad (11 trials) Vega (9 trials) 

The effect of early and late N-rates on seed yield  

in timothy óGrindstadô and óVegaô 

l Both cultivars produced the highest seed yield when the main N-application was  

given in early spring. 

l Optimal distribution was 75+0 kg N/ha in óGrindsstadô and 50+25 kg N/ha in óVegaô 

l No difference in optimal N-strategy depending on age of crop  

(first or second seed harvest year) 
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Timothy: Adjusting the second N input at early tiller 

elongation (15 -20 May) depending on  

chlorophyll readings  

¸ Optimal N fertilization depend on soil fertility, climate, tiller density etc. 

and may differ between locations. 

¸ Aim: Adjust the supplemental N-rate in late 

spring (Z 31) depending on plant requirement 

using a chlorophyll-meter (quick response, easy 

to use). 

     (Herbage N-analysis is normally a too 

expensive and time-consuming method) 

 
¸ We used a handheld chlorophyll-meter :  

Yara N-Tester® (YNT) 

¸ The chlorophyll -readings at Z 31 were taken at the midpoint of the  

last fully developed leaf.  

Timothy ôGrindstadõ:  Relationship between  

optimal N-input  

at early tiller elongation and chlorophyll readings  

YNT-value 350:       

Opt.=26 kg N ha-1 

ôGrindstadô 

¸ In cv. Grindstad we found that the need for 
supplemental N at early tiller elongation 
could be predicted by the model: 

Optimal N-input at Z 31 (kg N ha-1) =  

-0.37 x  measured YNT-value + 156  


