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Soybeans can have unsatisfactory emergence when 
environmental conditions at planting are dry because of 

its high water requirement for imbibition (Helms et al., 1996). 
Likewise, soybeans can have unsatisfactory emergence rates 
when heavy rains occur aft er planting because of damage to 
the emerging seedling, associated with high soil mechanical 
resistance (Johnson and Wax, 1979). Seeding rates have tradi-
tionally been high in regions where soybeans are solid-seeded 
because seed metering and placement can be erratic with 
drills, exacerbating challenges to seedling emergence posed by 
dry and/or compacted soils (Epler and Staggenborg, 2008). 
Consequently, many soybean producers plant drilled soybeans 
at seeding rates higher than recommended to ensure that fi nal 
plant densities are adequate for optimum yields (Norswor-
thy, and Frederick, 2002; Kratochvil et al., 2004; Epler and 
Staggenborg, 2008). Soybean seed costs, however, have more 
than tripled over the past 15 yr with prices increasing from 
about $ 0.11 kg −1 in 1996 to about $0.39 kg−1 for the 2010 
growing season in NY (New York Agricultural Statistics Ser-
vice, 2010). Th e dramatic increase in seed costs has prompted 
soybean producers to reconsider seeding rates.

Studies in the 1980s and 1990s with nonglyphosate 
[N-(phosphonomethyl) glycine] resistant varieties indicated that 

optimum seeding rates for drilled soybeans at a row spacing of 
0.2 m or less ranged from about 494,000 to 573,000 seeds ha−1 

(Oplinger and Philbrook, 1992; Devlin et al., 1995; Bertram and 
Pedersen, 2004). Studies in the 2000s in the mid-South with 
glyphosate resistant varieties, however, indicated that soybeans 
when planted with a drill at 0.2 m row spacing or less required lower 
than recommended seeding rates. For example, optimum seeding 
rates occurred at 346,000 instead of the recommended 620,000 
seeds ha−1 in South Carolina (Norsworthy and Frederick, 2002), 
345,800 compared with the recommended 432,000 seeds ha−1 in 
Maryland (Kratochvil et al., 2004), and as low as 197,600 compared 
with the recommended 370,500 seeds ha−1 in Kansas (Epler and 
Staggenborg, 2008). Annual and some cultivar yield variation in 
response to drilled soybean seeding rates, however, were observed in 
the Maryland study (Kratochvil et al., 2004), in an Arkansas study 
(Edwards and Purcell, 2005), and in the Kansas study (Epler and 
Staggenborg, 2008). Recent studies at 0.38 m spacing also indi-
cated that seeding rates can be lowered from ~300,000 to 171,000 
to 264,000 seeds ha−1 for full-season soybeans in Kentucky (Lee 
et al., 2008) and from 448,000 to 199,000 to 345,000 seeds ha−1 
across diff erent locations in Iowa (De Bruin and Pedersen, 2008a). 
Soybeans, planted with a drill at <0.2 m row spacing, however, 
typically require higher seeding rates than those planted at wider 
row spacing (Oplinger and Philbrook, 1992; Devlin et al., 1995, 
Bertram and Pedersen, 2004).

Soybeans respond to lower seeding rates by sending out 
more side branches, which increases leaf area, biomass, pods, 
and seeds plant−1 compared with soybean plants at higher 
seeding rates (Egli, 1988; Carpenter and Board, 1997; Board, 
2000; Egli and Bruening, 2006; Epler and Staggenberg, 2008). 
Increased leaf area and biomass plant−1 at lower plant densities 
can allow the soybean canopy to attain critical threshold values 
in leaf area index (LAI) and total biomass (~3.5–4.0 LAI and 
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~600 g m−2, respectively) by the R5 stage (Fehr and Cavi-
ness, 1977), resulting in similar pod and seed densities, and 
seed yield across seeding rates (Shibles and Weber, 1965; Egli, 
1988, 1994; Holshouser and Jones, 2003; Board and Modali, 
2005). Th e shorter and cooler growing season in northern 
latitudes, however, may not allow soybeans at lower compared 
with recommended seeding rates to attain an LAI of 3.5 to 4.0 
and total biomass of 600 g m−2 by the R5 stage. Consequently, 
soybeans typically require higher fi nal plant densities in northern 
(25–35 plants m−2) compared with southern (8–25 plants m−2) 
latitudes (De Bruin and Pedersen, 2009). At higher than recom-
mended seeding rates, yield is independent of plant density and no 
further yield increases occur (Duncan, 1986; Egli, 1988), whereas 
disease and lodging potential increase (Grau et al., 1994). Con-
sequently, higher than optimum seeding rates increase the risk 
of increased disease and lodging problems without an additional 
yield benefi t.

Increased soybean seed costs have forced growers to recon-
sider using high seeding rates as inexpensive insurance against 
potential emergence problems associated with unfavorable 
environmental conditions at planting or against potential 
reductions in fi nal plant densities caused by pest and/or ani-
mal damage during the growing season. Th e fi rst objective of 
this study was to evaluate soybeans seeded at low (~358,000 
seeds ha−1), recommended (~469,000 seeds ha−1; Cox, 
2005), and high (~580,000 seeds ha−1) rates to determine if 
growth and yield components of drilled (0.19 m row spacing) 
soybeans at lower than recommended seeding rates can com-
pensate adequately to maintain yields in a northern latitude. 
Th e second objective of the study was to determine if soybean 
growth and yield components could compensate adequately at 
the low seeding rate to maintain yields when unforeseen stand 
damage occurs, reducing plant density once plants have become 
established. Th is was accomplished by thinning established 
stands of the three seeding rates at 0, 10, 25, and 50% at the 
sixth node stage (V6) to simulate diff erent degrees of damage.

MATERIALS AND METHODS
Field experiments were conducted in 2006 and 2007 on a 

Honeoye silt loam soil (fi ne-loamy, mixed, active, mesic Glossic 
Hapludalfs) at a Cornell University research farm near Aurora, 
NY (42º44́  N, 76º40´ W). Th e experimental site has been in 
a corn (Zea mays L.)–soybean rotation since 1990. Soil tests 
in the spring of both years indicated a pH of 7.8 with high 
concentrations (Mehlich) of P and K.

Th e experimental design was a randomized complete block in 
a split-plot arrangement, replicated four times, with three seeding 
rates as main plots and four thinning rates as subplots. Main plots 
measured 8 by 3.1 m and subplots measured 8 by 1.55 m with 
rows aligned in a North–South direction. A 2 m border area was 
maintained on the north and south between the 8 m lengths of 
the main plots. A Pioneer variety, ‘92B38’, a Maturity Group II 
glyphosate resistant variety, was inoculated on the day of planting 
with Bradyrhizobium japonicum. Th e variety, 92B38, was rated by 
Pioneer as having a moderately bushy canopy width (6 on a 1–9 
scale with 1 = very narrow and 9 = extremely bushy). Planting 
occurred on11 May 2006 and 9 May 2007 using a 3.1-m wide 
no-till drill (Model 1590 with feeder cups, John Deere, Moline, 
IL) at 0.19 m row spacing and seeding rates of 358,000; 469,000; 

and 580,000 seeds ha−1(based on seeds kg−1 of the variety in each 
year and calibration at diff erent drill settings). Starter fertilizer 
was not applied because of the high soil test levels for P and K. 
Th inning of each seeding rate was performed in both years during 
the third week of June at the V6 stage to simulate damage aft er 
stand establishment (Bourma, 1977). In each main seeding rate 
plot, thinning was accomplished by removing no plants, every 
10th plant, every 4th plant, or every other plant to simulate 0, 10, 
25, and 50% stand reductions, respectively.

Th e experimental site was chisel-plowed the day before 
planting and disked-harrowed the day of planting in both 
years. Glyphosate was applied at 1.12 kg a.i. ha−1 in mid-June 
of 2006 and 2007 for weed control. Some hand-weeding was 
required in August for additional weed control in both years 
of the study. A 6 m length of each subplot, six rows wide, was 
harvested on 7 Oct. 2006 and 25 Sept. 2007 with a 1.25 m 
wide small-plot combine (Model 140C, Hege-Wintersteiger 
Ag, Ried im Innkreis, Austria). Seed from each plot was then 
cleaned, weighed, and tested for moisture content. Reported 
yield was adjusted to 130 g kg−1 moisture content. Lodging 
was evaluated on a 1 to 5 scale, with 1 = no lodging and 5 = 
complete lodging (Oplinger and Philbrook, 1992).

Plant densities were determined in all subplots at the V2–V3 
stage by counting the total number of plants in two separate 
0.96 m2 areas of the fi ve center rows. At the 0.5 to 1.0 m south-
ern end of each subplot, a 0.58 m2 (six rows) area was hand-
harvested on 19–20 Aug. 2006 and 17–18 Aug. 2007 at the R5 
stage, to determine leaf area plant−1 and LAI using the LI-3100 
leaf area meter (LI-COR, Lincoln, NE), biomass plant−1, 
and aboveground biomass accumulation. At the 7.0 to 7.5 m 
northern end of each subplot, a 0.58 m2 area (six rows) was 
hand-harvested on the morning of combine-harvest and used 
to determine (i) fi nal plant density, (ii) side branch number, (iii) 
pod number (>10 mm) side branch−1, (iv) pod number plant−1, 
and (v) pods m−2. Th e pods were then hand-threshed and all the 
seeds from the sample from each subplot were counted with the 
use of a seed counter (Old Mill Company, Savage, MD). We then 
weighed the total number of seeds. From this data we deter-
mined: (i) seeds pod−1, (ii) seed density, and (iii) seed mass (mg).

Seeding and thinning rates were considered fi xed eff ects and 
years and replication were considered random eff ects in the 
ANOVA using PROC MIXED (SAS Institute, 2003). Th e 
Bartlett test (P = 0.01) indicated that all variances were homo-
geneous across years except for pods side branch−1 and seed mass 
(much lower in 2007). Th e Shapiro-Wilk statistic in the PROC 
CAPABILITY: NORMAL TEST option of SAS indicated 
normality for all data, except for pods side branch−1. Transformed 
data was not signifi cant for pods branch−1 so the untransformed 
data will be presented. Also, seed mass was not signifi cant for main 
eff ects in either year of the study and there was no interaction 
with years so the combined data will be presented. Orthogonal 
contrasts were used to test the responses of the measured variables 
to the three seeding rates and the four thinning rates within the 
ANOVA by partitioning the sums of squares into linear and 
quadratic components (the quadratic was also the lack of fi t for 
seeding rates because there were only three rates). Th e contrast 
coeffi  cients were 1, 0, –1, –2, 1 for the linear and quadratic con-
trasts, respectively. In all analyses, signifi cance was determined at 
P = 0.10 to reduce the probability of a Type II error and detecting 
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diff erences because of the increased variability in uniform soybean 
stands when planted with a drill.

RESULTS AND DISCUSSION
Weather conditions diff ered markedly between growing 

seasons (Table 1). Th e 2006 growing season was exceptionally 
wet with close to normal temperatures in all months except 
July. Monthly precipitation totaled 20 mm above normal in 
May, 55 mm above normal in June, and 54 mm above normal 
in July. Soybean plant densities at the V2–V3 stage averaged 
31.7 plants m−2 in the low seeding rate, 41.5 plants m−2 in the 
recommended seeding rate, and 53.1 plants m−2 in the high 
seeding rate for an average emergence rate of about 90%. Some 
incipient disease symptoms were observed at the R5 stage but 

symptoms quickly dissipated during the next week, which 
was warm and dry. Soybean attained the R7 stage on about 
13 September and yields averaged about 3.7 Mg ha−1.

Th e 2007 growing season had below normal precipitation 
and above-normal temperatures in all months, except July 
(Table 1). Soybean plant densities at the V2–V3 stage aver-
aged 25.9 plants m−2 in the low seeding rate, 33.1 plants m−2 
in the recommended seeding rate, and 40.7 plants m−2 in the 
high seeding rate for an average emergence rate of only 70%, 
probably because of the dry May conditions. Norsworthy and 
Frederick, (2002) reported emergence rates of about 70 to 85% 
when planting with a drill, similar to the annual variability in 
this study. Soybean attained the R7 stage on about 10 Septem-
ber and yields averaged about 2.7 Mg ha−1.

Final plant densities averaged 32.9 plants m−2 in the plots that 
were not thinned (Table 2). Th is was 18% less than at the V2–V3 
stage. Th e consistent 15 to 20% reduction across seeding rates 
in the nonthinned treatments is somewhat higher than the 7% 
plant mortality during the growing season for drilled soybeans, 
as reported by Oplinger and Philbrook (1992), who also noted 
no diff erences in plant mortality across seeding rates. Board 
(2000), however, reported a 38% reduction from emergence 
to fi nal soybean plant densities at a high seeding rate (390,000 
seeds ha−1), but no reductions at lower seeding rates for soybeans 
planted at 0.76 m row spacing. Final plant densities averaged 31.1 
plants m−2 for the 10% thinning rate, 26.5 plants m−2 for the 
25% thinning rate, and 19.1 plants m−2 for the 50% thinning 
rate (Table 2), which averages to about 5, 20, and 42% stand 
reductions, respectively, when compared with the nonthinned 
treatment. Soybean stands are quite variable, especially when 
planting with a drill, so fi nal plant densities were within our 
targeted thinning rates for the objectives of this study.

Leaf area plant−1 at the R5 stage did not respond to seeding 
rates (Table 2), which is consistent with a study in a southern lati-
tude planted at 0.76 m row spacing with a corn planter (Board, 
2000). Biomass plant−1 at the R5 stage, however, did show a 
linear response to seeding rates (Table 2). Soybeans at the low 
seeding rate produced 20% more biomass and at the high seeding 
rate produced 10% less biomass when compared with the recom-
mended seeding rate (21.1 g plant−1). Side branches plant−1 also 
showed a linear decrease to increased seeding rates (Table 2). 
Consequently, soybeans at the low seeding rate compensated for 
lower plant densities by producing more side branches, which 
contributed to increased biomass plant−1 when compared with 
the recommended seeding rate. Production of side branches in 
response to low plant densities is typical for soybeans (Egli, 1988; 
Carpenter and Board, 1997; Board, 2004).

Both leaf area and biomass plant−1 showed linear responses to 
thinning rates (Table 2). Th inning soybeans at the V6 stage resulted 
in greater leaf area and biomass plant−1 as thinning rate increased. 
Th inning rate, however, had no eff ect on side branches (Table 2). 
Consequently, the increased leaf area and biomass plant−1 in 
response to thinning may have occurred on the main stem of the 
plant. Conceivably, soybeans that had stand reductions at the V6 
stage could compensate for low plant densities diff erently than soy-
beans seeded at lower plant densities. Seeding rate × thinning rate 
interactions were not observed for leaf area, biomass, or side branch 
number plant−1, which indicated similar growth responses across 
seeding rates when stand reductions occur at the V6 stage.

Table 2. Final stands, averaged from the beginning of seed 
development (R5 stage) and at harvest; leaf area and biomass 
plant–1 at the R5 stage; and side branches plant–1 at harvest at 
three seeding rates and four thinning rates, averaged over the 
2006 and 2007 growing seasons at Aurora, NY.

Treatment
Final 
stand

Leaf 
area Biomass

Side 
branches

plants m–2 cm2 plant–1 g plant–1 no.
358,000 seeds ha–1

0% thinning 26.6 1249 23.9 2.5
10% 24.9 1363 26.8 2.1
25% 24.0 1264 23.6 2.0
50% 14.9 1559 26.9 2.5
Avg. 22.6 1359 25.3 2.3
469,000 seeds ha–1

0% thinning 33.9 1069 19.5 1.2
10% 31.4 1220 22.2 1.0
25% 24.3 1089 19.5 1.4
50% 17.9 1348 23.3 2.2
Avg. 26.9 1179 21.1 1.4
588,000 seeds ha–1

0% thinning 38.1 794 14.5 1.2
10% 36.8 1107 20.3 1.1
25% 31.1 1109 20.6 1.2
50% 24.4 1114 20.3 1.3
Avg. 32.6 1031 19.0 1.2
Signifi cance (P values)
Seeding rate 0.001 0.29 0.10 0.09
Linear <0.001 0.15 0.10 0.05
Quadratic 0.54 0.91 0.70 0.33
Thinning rate <0.001 0.02 0.02 0.80
Linear <0.001 0.007 0.02 0.58
Quadratic 0.23 0.97 0.42 0.48
Seeding × thinning rate 0.60 0.48 0.43 0.41

Table 1. Monthly precipitation and average monthly tempera-
tures at Aurora, NY during the 2006 and 2007 growing seasons.

Month
Precipitation Temperature

2006 2007 30-yr avg. 2006 2007 30-yr avg.
mm ºC

May 100 24 80 14.4 15.0 14.2
June 159 59 104 19.4 20.7 19.3
July 138 71 84 23.2 20.6 21.8
August 91 48 92 20.9 21.8 20.9
September 123 97 107 16.1 18.4 16.7
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Leaf area index and aboveground biomass accumulation at 
the R5 stage did not respond to seeding rates (Table 3). Th e 
LAI at the R5 stage averaged 2.98 to 3.16 across seeding rates. 
Soybeans that were not thinned had an average LAI of 3.06 in 
the low, 3.47 in the recommended, and 3.03 in the high seed-
ing rate, below the 3.5 to 4.0 critical LAI for drilled soybeans 
at the R5 stage in the mid-Atlantic region for maximum yield 
(Holshouser and Whittaker, 2002). Dry conditions in 2007 
limited LAI values to <3.0, which contributed to average LAI 
values below the critical 3.5 to 4.0 value at the R5 stage.

Biomass accumulation averaged 553 to 597 g m−2 across 
seeding rates, which is consistent with data from South Caro-
lina (Norsworthy and Frederick, 2002). Soybeans that were not 
thinned averaged 597 g m−2 in the low, 656 g m−2 in the rec-
ommended, and 545 g m−2 in the high seeding rate at the R5 
stage, above the critical 600 g m−2 only in the recommended 
seeding rate. Nevertheless, adequate compensation on an 
individual plant basis allowed soybeans at the low seeding rate 
to average similar LAI and biomass accumulation as the recom-
mended and high seeding rates at the R5 stage. Consequently, 
the diff erent seeding rates had similar potential yields if no 
diff erences in response to environmental conditions occurred 
during the R5-R7 stage (Egli, 1994; Board and Modali, 2005).

Biomass accumulation had linear and quadratic responses 
and LAI had a linear response at the R5 stage to thinning rates 
(Table 3). Th e LAI of soybeans at the R5 stage averaged 7% 
lower at the 25% thinning rate and 20% lower at the 50% thin-
ning rate compared with soybeans that were not thinned (3.14). 
Surprisingly, the LAI of soybeans at the 10% thinning rate 
averaged 3.61 or 14.5% higher when compared with soybeans 
that were not thinned. Also, biomass at the R5 stage averaged 
8.5% less at 25% thinning and 27% less at the 50% thinning 
rate, but 15% higher at the 10% thinning rate compared with 
soybeans that were not thinned (599 g m−2). Th e 20% increase 
in biomass plant−1 more than off set the 5% decrease in stand 
density associated with the 10% thinning rate resulting in an 
increase in total biomass accumulation at the R5 stage. Th e 10 
to 22% increase in biomass plant−1 at the 25 and 50% thinning 
rates, however, did not off set the 20 to 42% reduction in fi nal 
plant densities to maintain similar LAI and biomass compared 
with the nonthinned treatment at the R5 stage. It is not clear if 
the lack of side branch compensation in the thinned treatments 
resulted in the lack of adequate compensation at the 25 and 50% 
thinning rates. Seeding rate × thinning rate interactions did not 
occur for LAI or total biomass accumulation indicating that all 
three seeding rates increased biomass at the 10% thinning rate 
but then showed linear decreases at subsequent thinning rates.

Pods side branch−1 did not show linear responses to seeding rates 
or thinning rates but pods plant−1 showed linear responses to both 
seeding and thinning rates (Table 3). Soybeans produced 21% more 
pods plant−1 at the low seeding rate and 17% fewer pods plant−1 at the 
high seeding rate when compared with the recommended seeding rate 
(30.6 pods plant−1). Egli and Bruening (2006) and Epler and Staggen-
borg (2008) also reported linear responses in pods plant−1 to seeding 
rates. Th e compensation by soybeans in pods plant−1 at the low 
seeding rate allowed for similar pod density at the low (817 pods m−2), 
recommended (805 pods m−2), and the high (803 pods m−2) seeding 
rates (Table 4). Carpenter and Board (1997) reported that soybean 
compensation for increased space is mainly controlled by pod 

density so compensation at the low seeding rate maintained 
yield potential in this study through the end of pod develop-
ment (~R5.5., Egli and Bruening, 2006).

Pod density, however, showed a linear response to thinning 
rates (Table 4). Soybeans had about 8.5% fewer pods m−2 at 
the 10 and 25% thinning rates and 31.5% fewer pods m−2 at 
the 50% thinning rate compared with soybeans that were not 
thinned (920 pods m−2). Adequate compensation did not 
occur to maintain pod density across thinning rates, even in 
the 10% thinning rate that had the most biomass produc-
tion at the R5 stage. Plant density reductions at the V6 stage, 
however, may have a diff erent compensation mechanism than 
side branch and subsequent pod development on side branches, 
which may have contributed to the linear decrease in pod den-
sity to thinning rates. Singer and Meek (2004) also reported a 
28% reduction in pod density when aboveground biomass was 
removed at the V1, V3, and V6 stages. A seeding rate × thin-
ning rate interaction for pod density was not observed, which 
indicates that low plant densities may not be at greater risk in 
yield potential from stand damage at the V6 stage compared 
with the recommended or high seeding rates.

Seeds pod−1 did not respond to seeding rates or thinning rates 
in this study (Table 4). Seeds pod−1 is a yield component that 
typically does not respond to seeding rates (Egli, 1994; Board, 
2000), although Epler and Staggenborg (2008) did report a lin-
ear decrease as plant densities increased with drilled soybeans in 

Table 3. Leaf area index (LAI) and biomass accumulation at 
the R5 stage, and pods branch–1 and pods plant–1 at harvest at 
three seeding rates and four thinning rates, averaged over the 
2006 and 2007 growing seasons at Aurora, NY.

Treatment LAI Biomass
Pods 

branch–1
Pods 

plant–1

m2 m–2 g m–2 no.
358,000 seeds ha–1

0% thinning 3.06 599 7.3 33.2
10% 3.41 690 7.7 33.4
25% 2.99 548 10.4 40.4
50% 2.43 436 9.0 40.9
Avg. 2.98 553 8.6 37.0
469,000 seeds ha–1

0% thinning 3.47 657 2.9 27.8
10% 3.53 689 3.1 25.7
25% 2.52 462 6.7 32.9
50% 2.43 412 14.8 35.9
Avg. 2.99 555 6.9 30.6
588,000 seeds ha–1

0% thinning 2.88 545 4.7 24.1
10% 3.88 733 2.9 22.5
25% 3.17 621 5.2 25.5
50% 2.71 491 6.8 29.1
Avg. 3.16 597 4.9 25.3
Signifi cance (P values)
Seeding rate 0.83 0.82 0.34 0.002
Linear 0.63 0.62 0.18 <0.001
Quadratic 0.80 0.78 0.94 0.75
Thinning rate 0.10 0.05 0.54 0.08
Linear 0.06 0.03 0.23 0.10
Quadratic 0.13 0.06 0.61 0.57
Seeding × thinning rate 0.12 0.12 0.37 0.94
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1 yr of a 2-yr study. Likewise, Singer and Meek (2004) reported a 
reduction in seeds pod−1 (2.65 to 2.50) with biomass removal at 
the V1, V3, and V6 stages. Seeds pod−1 ranged from 2.25 to 2.30 
across seeding rates and from 2.23 to 2.34 across thinning rates 
with no seeding rate × thinning rate interaction.

Seeds plant−1showed a strong linear response to seeding rates 
but did not show a response to thinning rates (Table 4). Soybeans 
produced 21% more seeds plant−1 at the low seeding rate and 19% 
fewer seeds plant−1 at the high seeding rate when compared with 
the recommended seeding rate. Board et al. (1999) clearly showed 
that pod density is far more important than seeds pod−1 in deter-
mining seed number at diff erent soybean plant densities at 0.76 
m row spacing and the results from this study indicate a similar 
response for drilled soybeans at 0.19 m spacing. Seeds plant−1 did 
not show a seeding rate × thinning rate interaction indicating 
that stand damage at the V6 stage did not alter compensation of 
increased seeds plant−1 at low seeding rates.

Seed density is the most important primary yield component 
aff ecting soybean yield (Board et al., 1999) at 0.76 m row spac-
ing. Seeds m−2 did not respond to seeding rate or to thinning 
rates (Table 4). Seeds m−2 ranged from 1821 to 1883 across 
seeding rates, which indicates that compensation at the low 
seeding rate via increased production of pods and seeds plant−1, 
coupled with similar seeds pod−1, resulted in similar seeds m−2 
across seeding rates. Th is response is consistent with recent stud-
ies with glyphosate resistant varieties planted at 0.19 or 0.38 m 

row spacing (Norsworthy and Frederick, 2002; De Bruin 
and Pedersen, 2008b). Once again, a seeding rate × thinning 
rate interaction for seeds m−2 did not occur, which indicates 
consistent seed density responses across all seeding rates when 
signifi cant damage occurs to the stand at the V6 stage.

Seed mass, the second primary yield component aff ecting yield 
(Board et al., 1999), did not respond to seeding or thinning rates 
with seed mass ranging from 170 to 175 mg across seeding rates 
and from 168 to 177 mg across thinning rates (Table 5). Th e 
seed mass response to plant densities has been inconsistent with 
some studies showing an increase in seed mass as plant densities 
increase (De Bruin and Pedersen, 2008b) and other studies show-
ing a decline (Egli, 1988; Etheredge et al., 1989; Elmore, 1998). 
Norsworthy and Frederick (2002) reported mostly no response of 
seed mass to seeding rates for drilled soybeans, which is consistent 
with the results of this study. Singer and Meek (2004), however, 
reported a reduction in seed mass (151 to 141 mg) when biomass 
was removed at the V1, V3, and V6 stages.

Soybean yield did not respond to seeding rates but did show a 
linear response to thinning rates (Table 5). Soybean yields ranged 
from 3.1 to 3.2 Mg ha−1 across seeding rates with a consistent 
relationship across years, despite the very diff erent growing 
seasons. Soybeans that were not thinned yielded 3.3 Mg ha−1 at 
the low, 3.4 Mg ha−1 at the recommended, and 3.3 Mg ha−1 at the 
high seeding rate indicating that soybean yield was maintained 
at the lower than recommended seeding rates when damage does 
not occur at the V6 stage. Soybeans yielded 2% less at the 10% 
thinning rate, 6% less at the 25% thinning rate, and 16% less at the 

Table 5. Seed mass, seed yield, lodging score, and seed mois-
ture at harvest at three seeding and four thinning rates, aver-
aged over the 2006 and 2007 growing seasons at Aurora, NY.

Treatment Seed mass Yield Lodging Moisture
mg Mg ha–1 1–5 scale g kg–1

358,000 seeds ha–1

0% thinning 177 3.27 1.09 115
10% 169 3.06 1.09 116
25% 169 3.08 1.03 118
50% 164 2.83 1.04 118
Avg. 170 3.06 1.06 117
469,000 seeds ha–1

0% thinning 178 3.40 1.11 115
10% 173 3.26 1.10 115
25% 177 2.94 1.13 119
50% 169 2.71 1.06 117
Avg. 174 3.08 1.10 117
588,000 seeds ha–1

0% thinning 175 3.29 1.19 115
10% 183 3.43 1.20 115
25% 172 3.35 1.07 118
50% 172 2.66 1.08 117
Avg. 175 3.23 1.14 116
Signifi cance (P values)
Seeding rate 0.31 0.45 0.38 0.54
Linear 0.15 0.28 0.29 0.39
Quadratic 0.65 0.59 0.68 0.33
Thinning rate 0.41 0.001 0.41 0.01
Linear 0.14 <0.001 0.67 0.07
Quadratic 0.70 0.15 0.52 0.08
Seeding × thinning rate 0.56 0.26 0.86 0.98

Table 4. Pod density (pods m–2), seeds pod–1, seeds plant–1, 
and seed density (seeds m–2) at harvest, at three seeding and 
four thinning rates, averaged over the 2006 and 2007 growing 
seasons at Aurora, NY.

Treatment
Pods 
m–2

Seeds 
pod–1

Seeds 
plant–1

Seeds 
m–2

no.
358,000 seeds ha–1

0% thinning 890 2.30 75.4 1993
10% 827 2.38 79.8 1995
25% 950 2.24 90.5 2139
50% 599 2.27 93.4 1405
Avg. 817 2.30 84.8 1883
469,000 seeds ha–1

0% thinning 952 2.28 61.6 2097
10% 843 2.38 63.0 1983
25% 805 2.25 74.4 1782
50% 622 2.28 81.6 1404
Avg. 805 2.30 70.1 1816
588,000 seeds ha–1

0% thinning 918 2.35 56.9 2180
10% 849 2.27 50.8 1946
25% 774 2.29 55.9 1676
50% 670 2.18 64.4 1484
Avg. 803 2.25 57.0 1821
Signifi cance (P values)
Seeding rate 0.96 0.76 <0.001 0.85
Linear 0.80 0.54 <0.001 0.67
Quadratic 0.92 0.76 0.85 0.77
Thinning rate 0.04 0.66 0.37 0.25
Linear 0.09 0.36 0.13 0.08
Quadratic 0.48 0.90 0.64 0.47
Seeding × thinning rate 0.58 0.92 0.90 0.49
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50% thinning rate when compared with soybeans that were not 
thinned, much less than the 37% reduction reported by Singer and 
Meek (2004) when repeated thinning was performed during the 
early vegetative stage A seeding rate × thinning rate interaction did 
not occur in this study as indicated by similar yields at 50% thin-
ning rates in the low (2.8 Mg ha−1), recommended (2.7 Mg ha−1), 
and high seeding rate (2.9 Mg ha1), despite fi nal plant densities 
of 14.9, 17.9, and 24.4 plants m−2, respectively. Seeding rates did 
not aff ect lodging and seed moisture and thinning rate did not 
aff ect lodging (Table 5). Seed moisture had linear and quadratic 
responses to thinning rates but diff erences were not of suffi  cient 
magnitude to be of any practical value.

Yield component estimates (seed density × seed mass) overesti-
mated yield by a consistent 10 to 12% for the nonthinned, 10 and 
25% thinning rates in low and recommended seeding rates, and in 
the nonthinned and 10% thinning rate in the high seeding rate. 
Board (2000) also reported a consistent overestimation of yield 
by yield component analysis because of the smaller sampling area 
(0.58 m2 compared with a 6.84 m2 harvest area in this study) and 
inherent biases in discarding small or barren plants when sam-
pling. We sampled on a per area basis, however, and sampled all 
plants in the area so the overestimation by yield component analy-
ses for these treatments in this study was probably due to a smaller 
sampling area. Interestingly, yield component analysis underesti-
mated yields in the 50% thinning rate of all seeding rates and in 
the 25% thinning rate in the high seeding rate by 9 to 17%. It is 
not clear why there was a systematic slight overestimation of yield 
for the nonthinned treatment and lower thinning rates and slight 
underestimation of yield at the high thinning rate.

CONCLUSION
Growers in northern latitudes are reluctant to drill soybeans 

at lower than recommended seeding rates because of potential 
emergence problems exacerbated with the use of the drill when 
dry conditions or very heavy rains occur shortly aft er planting. 
In this study, however, an indeterminate Group II glyphosate-
resistant soybean variety yielded similarly at 358,000 compared 
with the recommended 469,000 seeds ha−1 across a wet and 
a dry growing season in a northern latitude by increasing side 
branches, biomass, pods, and seeds plant−1.

Growers in northern latitudes are also concerned that damage 
by pests aft er stand establishment will reduce soybean yields more 
at lower compared with higher seeding rates. Th e results from this 
study indicate that soybeans showed linear decreases in yield with 
thinning at the V6 stage because soybeans were either unable to 
compensate for such low fi nal plant densities or perhaps because 
of less eff ective compensation mechanisms that did not allow for 
full recovery of the yield potential. A seeding rate × thinning rate 
interaction, however, was not observed for soybean yield, which 
indicates that the low seeding rate imposed no greater risk than 
the recommended seeding rate for soybean yield reductions if 
signifi cant damage occurred at the V6 stage. Soybeans grow-
ers in the northeastern United States, who plant with a drill, 
should experiment with reducing seeding rates from 469,000 
to 358,000 seeds ha−1 to determine if conditions on their farm 
will provide similar results as this study. Lower seeding rates, 
however, may increase late-season weed densities, which were 
controlled by hand-weeding in this study, which could increase 
the potential for multiple herbicide applications (Norsworthy, 

2003). On the other hand, higher seeding rates increase the disease 
and lodging potential (Grau et al., 1994), which were not sig-
nifi cant factors in this study. Consequently, we recommend that 
growers who plant with a drill in the northeastern United States to 
experiment with seeding rates to see if they can lower seeding rates 
on their farms.
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