
JOURNAL OF APPLIED SEED PRODUCTION, VOL. 5, 1987 41 

Seeding Rate Effects on Birdsfoot Trefoil Seed Yields and Plant 
Population Density1 

R.L. McGraw and P.R. Beuselinck2 

ABSTRACT 

The objective of this research was to ascertain the effects 
of a wide range of seeding rates on stand persistence and seed 
yield of birdsfoot trefoil (Lotus comiculatus L.) over several 
years. Field plots of 'Noreen' and 'Viking' were sown near 
Roseau, MN on 6 May 1981. Each cultivar was seeded at 9.0, 
4.5, 2.3, 1.1, and 0.6 kg ha"1 in six replicates. Plant population 
density was determined each year from 1981 to 1985. Seed 
yields were harvested from 1982 to 1985. Initial pla:Pt popula
tions ranged from 

1
an average of 109 plants m · in plots 

see~ed at 9.0 kg ha" to 17 plants m" in plots seeded at 0.6 kg 
ha · , Plant mortality was greatest in plots with the highest 
plant population densities and natural seeding was greatest in 
plots with the lowest plant population densities. Final plant 
population in all plots tendzd to approach a stable density of 
approximately 20 plants m · , Seeding rates used in this study 
had little effect on seed yield when analyzed over the duration 
of the experiment. To reduce seed costs and allow more 
acreage to be planted when seed supplies are limited, we rec
ommend usin~2the lowest seeding rate needed to establish 15 
to 20 plants m . 

Additional index words: persistence, birdsfoot trefoil, Lo
tus, stand, reseeding. 

INTRODUCTION 

Birdsfoot trefoil (Lotus comiculatus L.) is an impor
tant perennial forage legume in many temperate areas of 
the world. In the United States, it is used extensively in 
the north central and north eastern areas for pasture and 
hay (Grant and Marten, 1985). However, seed produc
tion in the U.S. is limited to a smaller area. Eighty-eight 
percent of the U.S. certified birdsfoot trefoil seed is pro
duced in northern Minnesota and Wisconsin and the up
per peninsula of Michigan (Association of Official Seed 
Certifying Agencies, 1984). Difficulty in obtaining reli
able supplies of seed is a major problem with birdsfoot 
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trefoil (Seaney and Henson, 1970). Seed yields in this 
area often average only 100 kg ha"1 or less. 

Seed producers are unsure of what seeding rates pro
duce maximum seed yields and use rates ranging from 
1.0 to over 10 kg ha-1

. Little research has been reported 
on the effects of seeding rate on seed yield in this crop. 
Pankiw et al. (1977) found that the highest seed yields of 
the cultivar 'Leo' at Beverlodge, Alberta, Canada, were 
produced in narrow rows (15 em) and a seeding rate of 
8.8 kg ha·1

. MacDonald and Winch (1957) in studies 
conducted in New York recommended seeding at 3.6 to 
4.5 kg ha·1 if broadcast or closely drilled and at 0.9 to 1.8 
kg ha·1 for wide row spacings. McGraw et al. (1986) an
alyzed the effects of plant population density on seed 
yield using a systematic design for the spatial arrange
ment of plants. They found that seed yield increased 
asymptotically as plant population increased with maxi
mum seed yield achieved at about 19 plants m·2• 

Birdsfoot trefoil seed production fields are usually 
maintained for seed production for several years after 
establishment; as an example, Minnesota allows certified 
seed to be produced from a field for up to 7 years 
(Minnesota Crop Improvement Assn., 1985). During the 
productive life of a seed production field the plant popu
lation densities may change from the effects of the envi
ronment. Some plants may die from disease or winter 
injury, while natural reseeding due to the dehiscent na
ture of the pods may establish new plants. The effect of 
seeding rate on long term plant persistence in this crop 
has not been studied. 

Our objective was to ascertain the effect of a wide 
range of seeding rates on stand persistence and seed 
yield over several years. 

MATERIALS AND METHODS 

Field plots of 'Noreen' and 'Viking' birdsfoot trefoil 
were sown near Roseau, MN on 6 May 1981. Viking has 
an upright growth habit and is less winterhardy than 
Noreen. Noreen has an intermediate growth habit. The 
soil was a Glyndon silt loam (coarse-silty, frigid Aerie 
Calciaquoll) with a pH of 7.7 and an organic matter 
content of 5.5%. Benefin was preplant incorporated at 
1.4 kg a.i. ha·1 for general weed control. Seed of each 
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cultivar was inoculated with Rhizobium (Lottts group) 
(Nitragin Co., Milwaukee, WI3

) then seeded in 2m x 3m 
plots at 9.0, 4.5, 2.3, 1.1, and 0.6 kg ha"1 with a Brillion3 

seeder. Plots were arranged in a randomized complete 
block design with six replicates. On 22 June of the es
tablishment year, the number of plants m·2 was deter
mined in each plot. No seed harvests were taken in 1981. 

In early spring of each succeeding year, while the 
birdsfoot trefoil plants were still dormant, simazine was 
applied at 1.7 kg a.i ha-1 for annual weed control. Each 
plot was also hand-weeded at least once each year and 
sethoxydim was applied at 0.28 kg a.i. ha-1 in June 1983 
for grass control. The number of plants m"2 was deter
mined in each plot by counting the crowns of live plants 
in early spring when new shoots first began to grow. 
Subsequent stand counts were taken on 6 May 1982, 5 
May 1983, 28 April1984, and 13 May 1985. 

Honey bees (Apis mellifera L.) were provided for pol
lination in 1982 through 1985. Seed yields were deter
mined by harvesting 1 m2 from each plot when approxi
mately 75% of the umbels were mature, as determined 
by pod color. Shoot material was placed in a cloth bag 
and dried, and seeds were separated from the remaining 
plant material by a stationary thresher. Seed harvests 
were taken on 31 August 1982, 9 August 1983, 8 August 
1984, and 19 August 1985. 

Analyses of variance were computed to test differ
ences among cultivars and seeding rates both within and 
among years. 

RESULTS AND DISCUSSION 

Initial plant population densities differed (P ..::;_0.05) 
among seeding rates (Table 1). Seedling numbers were 
over lOX greater at the highest seeding rate compared to 
the lowest. Although Noreen plots had greater numbers 
of seedlings established than Viking plots, the difference 
was not significant at P..::;_0.05 (Table 2). 

Plant populations, when averaged over all seeding 
rates, were reduced approximately in half by spring of 
the year following establishment (Table 2). There was 
little difference between Noreen and Viking plots. The 
largest decreases in plant population occurred at the 
higher seeding rates. Stand losses averaged over both 
cultivars were 65, 53, 46, 29, and 15% for the 9.0, 4.5, 2.3, 
1.1, and 0.6 kg ha-1 seeding rates, respectively. The 
higher seeding rates probably exhibited greater plant 
mortality due to greater competition among plants. As 
plant population density increases, individual plant size 
decreases due to competition for light, water, or soil nu
trients (McGraw, et al., 1986). The smaller plants from 
the higher seeding rates were probably more susceptible 
to winterkilling and/or disease. 

Noreen and Viking differed in plant population in 
1983 (Table 2). The plant population density in Noreen 
plots seeded at 9.0 kg ha-1 decreased by 16%. The lower 
seeding rates showed little change (Table 1). Viking, 
however, showed plant population decreases greater than 
50% at all seeding rates. The greater mortality of Viking 

Table 1. Yearly stand counts from 1981 to 1985 of Noreen and Viking birdsfoot trefoil plots seeded at differing rates 
near Roseau, MN in 1981. 

Seeding 
Cultivar rate 1981 1982 1983 1984 1985 

kg ha-1 -------------------------------------plants m -z -------------------------------------

Noreen 9.0 235 a+ 76 a 64 a 39 a 27 a 
4.5 112 b 47 b 49 b 33 ab 24 a 
2.3 74 be 36 be 32 c 27 be 21 ab 
1.1 34 c 24 cd 22 cd 21 cd 20 ab 
0.6 19 c 15 d 16 d 17 d 16 b 

Viking 9.0 183 a 71 a 28 a 30 a 26 a 
4.5 107 b 56 b 26 a 26 a 25 ab 
2.3 59 c 36 c 13 b 21 b 19 b 
1.1 29 c 21 d 9 b 20 b 19 b 
0.6 14 c 13 d 5 b 20 b 19 b 

+Means within the same column for each cultivar followed by similar letters are not significantly different (P ..::;_0.05) 
based on Duncan's Multiple Range Test. 
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Table 2. Cultivar means for stand count and see yield averaged over seeding rates each year at Roseau, MN. 

Cultivar 1981 1982 1983 1984 1985 

Stand count (plants m"2
) 

Noreen 95 a+ 40 a 37 a 27 a 22 a 
Viking 78 a 39 a 16 b 23 a 22 a 

Seed yield (kg ha-1
) 

Noreen 373 a 396 a 573 a 401 a 
Viking 356 a 277 b 531 a 412 a 

+Means within a column followed by similar letters are not significantly different (P~0.05) based on Duncan's Multiple 
Range Test. 

is probably due to a lack of winter hardiness as compared 
to Noreen. 

In 1984, the plant population density of Noreen con
tinued to decline in the higher seeding rate plots while 
remaining the same at the lower seeding rates (Table 1). 
The plant population density of Viking plots remained 
the same at the high seeding rates and increased at the 
low rates. Net changes in plant population densities in 
1984 were due to a combination of plant mortality and 
new plants from natural reseeding. Birdsfoot trefoil has 
a dehiscent pod and large quantities of seed are left in 
the field following seed harvest. In 1981, the establish
ment year, little flowering occurred, thus, new plants ob-

served in 1984 were from seed produced in 1982. Since 
seedlings from seed produced in 1982 would have been 
just emerging when the 1983 stand counts were taken 
and would not have been counted, the plant population 
increases observed in 1984 were from one-year-old 
plants. The one year old plants could be distinguished 
from three-year-old plants by differences in crown diam
eter. The population of new plants was greater in plots 
with the smallest population of old plants. Viking plots 
seeded at 0.6 kg ha·\ which had decreased to an average 
of 5 plants m-2 in 1983, increased to 20 plants m-2 in 1984 
(Table 1). We speculate that new seedlings were unable 
to establish in plots with a high plant population density 

Table 3. Yearly seed yields from 1982 to 1985 of Noreen and Viking birdsfoot trefoil plots seeded at differing rates near 
Roseau, MN in 1981. 

Seeding 
Cultivar Rate 1981 1982 1983 1984 1985 

----------------------------------------kg ha-l __ --------------------------------------

Noreen 9.0 200 b 363 a 510 a 417 a 372 a 
4.5 300 ab 377 a 630 a 392 a 425 a 
2.3 376 ab 384 a 564 a 434 a 439 a 
1.1 432 ab 451 a 584 a 405 a 468 a 
0.6 557 a 403 a 576 a 356 a 473 a 

Viking 9.0 210 b 357 a 586 a 388 a 385 a 
4.5 269 ab 322 a 555 a 382 a 328 a 
2.3 380 ab 205 a 505 a 500 a 397 a 
1.1 420 ab 268 a 527 a 346 a 390 a 
0.6 502 a 234 a 481 a 446 a 416 a 

+Means within the same column for each cultivar followed by similar letters are not significantly different (P ~0.05) 
based on Duncan's Multiple Range Test. 
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due to competition from established plants. 
By 1985, differences in plant population density 

among seeding rates were diminishing (Table 1). In 
Noreen only the lowest seeding rate differed (P ~0.05) 
from the two highest seeding rates. In Viking, only the 
highest seeding rate differed from the three lowest 
seeding rates. Both cultivars averaged 22 plants m-2 over 
all seeding rates. McGraw, et al. (1986) found the opti
mum plant population density for seed yield in birdsfoot 
trefoil was 19.0 plants m-2

• 

These data demonstrate that the seeding rate has only 
a small effect on eventual plant population density after a 
few years. 

Seed yields were not affected by plant population den
sities except in 1982 (Table 3). In 1982, the first seed 
production year, seed yields tended to increase as seed
ing rate decreased for both cultivars. We have no expla
nation for this result. This trend did not continue in suc
ceeding years. When averaged over all four years, there 
were no significant differences between seeding rates for 
seed yield (Table 3). 

Noreen and Viking had similar seed yields in each 
year except 1983 (Table 2). This was the same year that 
Viking had a greater stand loss than Noreen. We specu
late that the conditions which caused greater plant mor
tality in Viking may also have reduced the vigor of sur
viving plants and reduced seed yields. 

SUMMARY AND CONCLUSION 

Seeding rates used in this study had little effect on 
seed yield when analyzed over the duration of this study. 
As long as a plant population density of about 15 plants 
m-2 is established, there appears to be no advantage to 
higher seeding rates. Plant mortality was greater at 
higher plant population densities. Final populations, 
when averaged over both cultivars after 4 years, were 13, 
22, 30, 62, and 106% of original stands for plots sown at 
9.0, 4.5, 2.3, 1.1, and 0.6, kg ha-1 respectively. New plants 
did establish due to natural reseeding. The biggest in
crease in volunteer plants occurred in plots with the low
est plant population densities. Plant populations in plots 
from all seeding rates appeared to be ap~roaching a sta
ble density of approximately 20 plants m- , which is simi
lar to the 19 plants m-2 optimum plant population density 
found by McGraw, et al. (1986) in a study using a sys
tematic spatial design. 

Since no advantage to seeding at a high rate for seed 
production was found, we recommend using the lowest 

seeding rate required to establish 15 to 20 plants m-L.. 
Lower seeding rates have the advantage of reducing seed 
costs and allowing more acreage to be planted when seed 
supplies are limited. Seed supplies are often limited 
during initial phases of cultivar release such as estab
lishing foundation seed plots using breeder seed. 

An additional concern is the possibility of genetic 
shift. Changes were observed in population densities in 
all initial seeding rates due to natural forces. Such natu
ral selection can change the genetic constitution of a 
population resulting in genetic shift (Beard and Hollow
ell, 1952). Since the commercial seed production of 
birdsfoot trefoil is limited to only a small geographic-cli
matic area of its range of adaptation, genetic shifts in 
cultivars could prove detrimental. Additional research is 
needed to determine if high or low seeding rates have 
any effect on the genetic constitution of birdsfoot trefoil 
populations after successive years of seed production. 
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