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ABSTRACT 
Information is needed to characterize soybean [Glycine mar (L.) 

Merr.] plant responses where cultural practices and environmental 
conditions are maintained at a level conducive to high yield. Field 
studies were conducted in 1985 and 1986 to determine the effect of 
row spacing and plant population on seed yield and yield components 
of soybean. Two determinate Maturity Group V cultivars, Essex and 
Deltapine 105, were grown at three row spacings of 25, 51, and 76 
cm and three plant populations of 260 200, 390 400, and 520 400 
plants ha-'. Seed yield was significantly higher in narrow rows (25 
and 51 cm) than in the wide rows (76 cm) with the 25-cm row spacing 
averaging 10% higher than the 76-cm row spacing (3740 vs. 3361 
kg ha-'). There was a row spacing X cultivar interaction due mainly 
to a greater reduction in seed yield of Essex than Deltapine 105 as 
row width increased. Weight of aerial plant parts during the mid 
seed-fill growth period (R5) increased with decreasing row spacings. 
Plant number in plots with 76-cm row spacing decreased approxi- 
mately 23% between planting and harvest whereas, the plant number 
in 51- and 25-cm row spacings decreased only 7 and 3% respectively 
during the growing season. Seed yield per plant was most uniform 
at the 25-cm row spacing and became more variable as row width 
increased. 

UMEROUS STUDIES have been conducted on the N effects of production practices such as row spac- 
ings (2,8,9,13,18,19), plant populations (14,17), and 
cultivars (3,5,8) on soybean seed yield. These studies 
demonstrate that narrow row (25 cm) spacings gen- 
erally result in higher yields than wide rows when 
grown under conditions conducive to high yields. Var- 
iation in row spacing changes the canopy structure of 
soybean plants and alters seasonal light interception 
and use (4,16,23,25). Parks (1 9,21) reported that yield 
increases in narrow rows were primarily the result of 
an increase in seed produced in the upper portion of 
the plant. 

As plant population increases, the light interception 
per plant decreases, but the total light intercepted by 
the plant community increases. Taylor et al. (24) 
found consistently greater light interception in narrow 
rows (25 cm) than in wider rows at the same leaf area 
index LA1 and attributed it to a more uniform leaf 
distribution in the narrow row spacing. A similar ef- 
fect was found by Shibles and Weber (23). Duncan 
(10) concluded that if planting densities increased be- 
yond the point at which total light interception oc- 
curred, a further increase in seed yield can occur if 
there is an increase in efficiency of light used in pro- 
ducing seed. At the same population, in-row compe- 
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tition of plants, due to shading, occurs more in plants 
closely spaced in wide rows than in plants spaced far- 
ther apart in narrow rows. According to Duncan, as 
plant spacing approaches equidistant spacing in all di- 
rections, the yield will be greater than the plants in 
wide rows even though the same number of soybean 
plants per unit area intercept the same amount of 
light. Pendleton and Hartwig (22) reported that alter- 
ation of plant geometry to allow more uniform light 
distribution within a canopy may increase yields. 
Clements (6) showed that competition for light among 
sunflower (Helianthus annuus) plants, under ex- 
tremely high population pressure, was such that a very 
slight advantage for equidistant spacing in all direc- 
tions, during early plant growth, can result in much 
greater differences later in plant development. Duncan 
et al. ( I  1) state that an increase in plant-to-plant var- 
iability caused by any treatment could be the primary 
cause of a yield reduction. Research by Cooper (7) 
indicated that wide row spacings (50 to 80 cm) re- 
sulted in a decrease in the plant population as the 
season progressed; whereas, plants in narrow rows 
with the same seeding rates per unit land area had 
fewer plants die than in the wide rows. Cooper found 
that more uniform plant distribution in a 17-cm row 
spacing resulted in more plants that were more equally 
competitive than the 50-cm row spacing and, there- 
fore, more plants in the 17-cm row spacing survived 
and produced seed. 

Plant populations for maximum soybean seed 
yields depend on a number of factors including row 
spacing, cultivar, and planting date ( 1,17). Increases 
in plant density have resulted in decreased yield from 
branches (14,25), yield per plant, and pods per plant 
( 16,20). As plant population increases, fewer effective 
plants survive to produce seed and lodging often oc- 
curs. 

A better knowledge of the effects of management 
practices on soybean plants, grown in high-yield en- 
vironments, is needed for the southeastern USA in 
order to determine factors limiting soybean yield. This 
research was designed to determine the influence of 
row spacing, plant population, and cultivar on seed 
yield, and related plant traits in experiments grown 
under irrigation and high-fertility conditions 

MATERIALS AND METHODS 
The experiments were conducted in 1985 and 1986 at the 

Southwest Georgia Branch Exp. Stn., Plains, GA (32" N, 84" 
W) on a Greenville sandy loam (clayey, kaolinitic, thermic 
Rhodic Paleudult) soil. The experimental area was fertilized 
annually with a preplant application of 28 kg ha-I of N, and 
sufficient P and K to bring the soil to high levels of these 
nutrients. A 112 kg ha-I N sidedressing was applied between 
the V7 to V9 stages of development (1 2). During both years, 
a preplant application of 0.56 kg ha-' trifluralin (aaa,-tri- 
fluro-2,6-dinitro-N, N-dipropyl-p-toluidine) was incorpo- 
rated into the soil, and the experimental area was hand 
weeded during plant development. Insect pests were con- 
trolled as needed with appropriate chemicals. 
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The experimental treatments included the following: two 
soybean cultivars, Essex and Deltapine 105; three row spac- 
ings of 25, 51, and 76 cm; and three plant populations of 
260 200, 390 400, and 520 400 plants ha-'. Treatments were 
arranged in a factorial design. The experimental design was 
a randomized complete block with four replications. Years 
and replications were considered random effects, whereas 
row spacing, plant population, and cultivar were fixed effects. 
All correlations are presented as partial correlation coeffi- 
cients with the effects of years and replications removed. 
The plots were 2.18 m wide and 6.1 m long. 

Plots were planted on 15 May 1985 and 13 May 1986 with 
cone push planters. The number of rows per plot varied as 
follows: 25-, 51-, and 76cm rows had 7, 4, and 3 rows per 
plot, respectively. Seeds were overplanted, and plants were 
thinned to the desired populations within 2 weeks after emer- 
gence. To promote high yields, plots were imgated with a 
lateral-travel imgation system to minimize water stress as 
a limiting factor to plant growth and seed production. 

Samples of whole plants were harvested from plot border 
areas on 30 Aug. 1985 (R6) and 11 Aug. 1986 (R5) (12). The 
sample area began 60 cm from the end of the rows and 
consisted of plants from a 61cm row segment from each 
plot. The plants were immediately separated into leaves, 
stems plus petioles, and reproductive parts. All plant ma- 
terials were oven dried at approximately 50°C to a constant 
moisture percentage and weighed. A modified "harvest in- 
dex" was calculated by dividing final seed weight by the 
weight of stem plus petiole and leaf, which were determined 
at these two stages of development. 

In 1985, entire plants from a subplot area consisting of a 
30cm segment of a row were obtained at harvest from each 
plot. Measurements were taken of seed produced on 
branches and mainstems from the subplot areas. On 18 Sept. 
1986, a 0.583-m2 of subsample area was identified in each 
plot for (i) pod counts and (ii) individual plant yields. This 
subsample area was within the area designated for plot yield 
determination. After seed weights on individual plants were 
obtained, these subsample weights were then combined with 
the seed weight of the remainder of the plot area to amve 
at a total plot yield. Seed weights on mainstems and branches 
as well as total seed weight on each plant in the subsample 
area were recorded. The seeds from the remainder of the 
plot were harvested with a plot combine on 27 Sept. 1985 
and 7 Oct. 1986. For 25-cm rows, 3.96 m of each of four 
inside rows were harvested. In the 51cm rows, 3.96 m of 
the two inside rows were harvested. In the 76-cm rows, 4.88 
m of the middle row were harvested. Seeds were dried, 
weighed, and moisture content recorded for each plot. Seed 
yield was expressed in kilograms per hectare at a moisture 
content of 130 g kg' of seed. 

RESULTS AND DISCUSSION 
Seed Yield 

Seed yield, when averaged across cultivars and plant 
populations, increased as row spacing decreased (Ta- 
ble l). Deltapine 105 (DPL105) had a 6% higher yield 
than Essex. Essex showed a larger yield response to 
narrow rows than DPLlO5, thus a row spacing X cul- 
tivar interaction was evident. With Essex, the 25-cm 
row spacing outyielded the 76-cm spacing by 15%. Es- 
sex is a relatively short cultivar with a narrow profile 
due to upright branches. This plant structure was con- 
ducive to exhibiting yield responses to narrow row 
spacing. Yields of DPLlO5 were higher in 25- and 5 1- 
cm rows than in 76-cm rows. The DPLlO5 cultivar 
was taller and more susceptible to lodging than Essex. 
There was no lodging for either cultivar in 1986, but 

Table 1. Mean seed yield and seed ,weight of two cultivars at  three 
row spacings (2 yr). 

Regression 
Mean 

Cultivar 25 cm 51 cm 76 cm Linear Ouadratic lield 

Row Spacing 

- seed yield lcg ha-' -- kg ha-' 
DPLlO5t 3722 3797 3533 NS . 31584a# 
,Essex 3758 3452 3189 *. NS 34671, 
Mean 3740 3625 3361 ** NS 

-seed weight g 100 seed-' -- 
14.6 14.9 14.9 8 NS 14.8b4 

Essex 15.4 16.1 16.2 . NS 15.9a 
DPLlO5 

Mean 15.0 15.5 15.6 .* 
*,** Significant responses to row spacing at the 0.05 and 0.01 probability 

t DPLlO5 = Deltapine 105 
$ Means not followed by the same letter are significantly different at the 0.05 

probability level according to single degree of freedom orthogonal mu- 
parisons. 

NS 

levels, respectively. NS = not significant. 

DPLlO5 lodged severely in 1985. No significant (P  > 
0.05) yield differences were found among plant pop- 
ulations when they were averaged across other treat- 
ments. 

Seed Weight 
Essex had larger seeds than DPLlO5 (Table 1). 

Plants in 25-cm row spacings produced smaller seeds 
than plants in either 51- or 76-cm rows. Perhaps this 
was caused by an increased number of seeds per unit 
area in the 25-cm row spacing (Table 1). A significant 
negative partial correlation was evident between seed 
weight and seed yield of Essex (r = -0.39, P < 01.01), 
but not DPLlO5. 

Aerial Dry Weight Distribution 
The weight of stems plus petioles differed coiisid- 

erably between cultivars, with DPLlO5 averaging 28% 
greater weight than Essex (Table 2). The DPLlOS cul- 
tivar was taller and had more branches than Essex. 
The weight of stems plus petioles increased as row 
spacings decreased. This effect of row spacing was due 
to more nearly equidistant plant spacing and less in- 
terplant competition for space and sunlight in narrow 
rows. Similar results were reported by Parks (19). Leaf 
weight differed between cultivars, with DPLlO' -1 av- 
eraging 14% greater weight than Essex (Table 2). Leaf 
weight per unit land area increased significantly a,; row 
spacings decreased. 

Fruit weight averaged 38% higher in Essex than in 
DPLlO5 during both years (Table 2). Since the final 
seed yield of Essex was not higher than that of DPId105 
in either year, it is obvious that, at the time these 
samples were taken, Essex had accumulated greater 
fruit weight than DPLlO5 because of earlier h i t  de- 
velopment. Fruit weight exhibited a significant culti- 
var X row spacing interaction because Essex had a 
higher fruit weight at the narrow row spacings (25 cm) 
that decreased as row spacings increased (Tablle 2). 
Fruit weight of DPLlO5 varied less than that of Essex 
among row spacings. A positive partial correlatioii be- 
tween fruit weight and seed yield was found with EIssex 
(r= 0.40, P < 0.01). 

The total aboveground biological yield during R5 



ETHREDGE ET AL.: SOYBEAN RESPONSE TO ROW SPACING 949 

Table 2. Mean dry weight of plant parts for three row spacings and 
two cultivars over 2 vr. 

Row spacing Regression 

Cultivar 25 cm 51 cm 76 cm Linear Quadratic Mean 

DPLlO5t 
Essex 
Mean 

DPLIOS 
Essex 
Mean 

DPLIOS 
Essex 
Mean 

DPLlOS 
Essex 
Mean 

- stem + petiole g - 

536 462 448 
373 374 296 
455 418 372 

leaf g mZ - 
223 193 198 
190 190 150 
206 192 174 

h i t  g m-2 - 
251 212 226 
408 401 314 
329 307 270 
- biological yield g mP - 

1010 868 873 
971 965 760 
990 990 916 

** 
NS ** 

NS * 
* 

NS 

NS 
* 

* 
NS ** 

NS 

NS 
* 

NS 
NS 
NS 

NS 
NS 
NS 

NS 

NS 

482a$ 
348b 

205a 
177b 

230b 
374a 

917a 
899a 

*,** Significant responses to row spacing at the 0.05 and 0.01 probability 

t DPLlOS = Deltapine 105 
# Means not followed by the same letter are significantly different at the 0.05 

probability level according to single degree of freedom orthogonal com- 
parisons. 

levels, respectively. NS = not significant. 

and R6 plant development stages increased with de- 
creasing row spacings (Table 2). Biological yield was 
found to have a significant (P < 0.01) positive partial 
correlation with seed yield of Essex ( r  = 0.43), but not 
for DPLlO5. This could be due partially to Essex ac- 
cumulating pod weight earlier than DPLlO5. Essex 
also had a 36% and 12% higher harvest index than 
DPLlO5 in 1985 and 1986, respectively. 

Plant Survival 
The number of plants producing seed at harvest was 

compared with the initial plant population (after thin- 
ning). When compared across populations, the num- 
ber of plants producing seed in 76-cm rows was only 
77% of the initial plant population; whereas, the num- 
ber of plants producing seed in 51- and 25-cm rows 
were 93 and 9796, respectively (Table 3). These results 
were similar to previous findings that showed that 
greater natural thinning occurs in wide row spacings 
than in narrow row spacings when plant population 
was the same (7). This response was probably due to 
the more uniform plant distribution in the narrow 
rows, which results in less interplant competition dur- 

Table 3. The effect of plant population and row spacing on the per- 
cent of olants surviving and Droducine seed at maturitv. 1986. 

Row Spacing Regression 

25 cm 51 cm 76 cm Linear Quadratic 

surviving plants 96 

97 93 77 NS 
seed producing plants ha-' - 

260200 390400 520400 
96 

93 90 83 NS 
* Significant response to row spacing or plant populations at the 0.05 prob 

ability level. 

ing vegetative stages of development, thus more plants 
subsequently survive and produce seed. Plant popu- 
lation also affected the percentage survival of plants 
in that the percent survival decreased as plant popu- 
lation increased (Table 3). 

Seed Yield Partitioning 
In 1985, the mainstem seed yield of Essex was three 

times the mainstem yield of DPLlO5 when averaged 
across all treatments. This response was due mainly 
to the lodging and more viney growth of DPLlO5 (Ta- 
ble 4). The DPLlO5 cultivar produced most of its seed 
weight on branches in 1985. In contrast, mainstem 
yield of DPLlOS in 1986 was higher than branch yield 
at all populations. This could be related to the fact that 
little lodging occurred in DPLlO5 during 1986. 

Seed yield on the mainstem decreased with increas- 
ing row spacing in both years (data not shown). Branch 
seed yield was not affected by row spacing in a con- 
sistant manner. 

When averaged across years, branch seed yields were 
greater at the lowest plant population than at either 
of the two higher populations (Table 4). Goli and 01- 
sen (14) reported that branch numbers increased as 
population decreased. Herbert and Litchfield (1 5) re- 
ported that branches in low populations produced 30 
to 40% of the seed yield; while in medium and high 
densities, branches contributed 5 to 16% of seed yield. 
The mainstem yield of Essex in 1986 was the only 
significant response from this plant part to plant pop- 
ulation. 

In 1986, a 5805 cm2 area in each plot was used to 
measure not only seed yield per plant and plant part 
but also the plant-to-plant variation in these weights. 
Since there was a minimal effect of plant population 
on seed yield per unit area, the individual plants in 
plots with low plant populations would be expected 
to show higher seed yields than the higher plant pop- 
ulations. Mainstem and branch seed yield per plant 
each showed a significant linear decrease as population 
increased (Table 5). This may have resulted from de- 
creases in branch numbers as population increased 
(14,16). The average total plant yield and mainstem 

Table 4. Influences of plant populations and cultivar on seed yield 
from mainstems and branches. 

Plants ha-' Regression 

Cultivar Year 260200 390400 520400 Linear Quadratic Mean 

Mainstems 
Essex 1985 242 210 215 NS NS 222a$ 

1986 208 285 289 ** NS 260b 
DPLlO5t 1985 80 59 74 NS NS 71b 

1986 298 297 287 NS NS 295a 

Branches 
Essex 1985 274 191 246 * * 237b 

1986 169 143 113 ** NS 141b 
DPLlOS 1985 371 291 318 NS NS 327a 

1986 195 146 174 * 8 172a 

*,** Significant responses to plant population at the 0.05 and 0.01 probability 

t DPLIOS = Deltapine 105. 
$ Mean seed yields within a year from the respective plant parts not followed 

by the same letter significantly differed in the two cultivars (P < 0.01) 
according to single degree of freedom orthogonal comparisons. 

- seed yield g m2 ~ 

levels, respectively. NS = not significant. 
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Table 5. The effect of plant population and cultivar on seed weight and pod number parameters and the variability in these responses in 1986.
Essex DPL 105f

Trait

Seed weight
Mainstem
Branch
Total

Seed weight variability
Mainstem
Branch
Total

Pods plant'1
Pods nr2

Pods planf variability

260200

8.1
6.7

14.7

32
59
38

48.9
1225

31

Plants ha*1

390400
- g plant'1 -

7.9
4.2

12.1
^V vOf

32
78
38

39.9
1361

1*. ¥ TV

35

Regression
520400

7.3
3.3

10.6

31
98
38

35.0
1335

34

Linear

NS
**
**

NS**
NS

**
NS

NS

Quadratic

NS
NS
NS

NS
NS
NS

NS
NS

NS

260 200

11.3
7.6

18.9

40
71
44

62.8
1588

39

Plants ha'1

390400
- g plant'1 -

7.8
4.0

11.8
*_ V TO

51
74
48

40.2
1464

43

520 400

6.7
4.0

10.6

67
71
58

37.6
1585

55

Reg
Linear

**
**
**

**
NS
*

**
NS

**

session
Quadratic

NS
*i»
*!»

NS
NS
NS

**

NS

NS
*,** Significant responses to plant populations at the 0.05 and 0.01 probability levels, respectively. NS •
t DPL = Deltapine 105
j CV = Coefficient of variation.

not significant.

Table 6. The effect of row spacing on seed weight and pod number
parameters and the variability in these responses for 1986.

Row spacing Regression
Trait 25 cm 51 cm 76 cm Linear Quadratic
Seed weight

Mainstem
Branch
Total

8.3
4.2

12.5

- g plant'1

8.3
5.1

13.5

7.8
5.5

13.4

NS*
NS

NS
NS
NS

Seed weight variability

Mainstem
Branch
Total

Pods planf
Podsm'2

Pods plant"'
variability

39
78
39

40.0
1462

37.7

LV %$

39
81
45

45.3
1586

\^V VU

39.3

49
67
48

46.8
1232

41.5

NS
NS*

NS**

NS

NS
NS
NS

NS**

NS

*,** Significant responses to row spacing at the 0.05 and 0.01 probability
levels, respectively. NS = not significant.

J Coefficient of variation.

yield remained relatively constant across row spacings
(Table 6). The seed weight per plant on branches was
least in 25-cm rows and increased as row spacing in-
creased.

To measure the variability in seed weight param-
eters among plants, coefficients of variation (CV) were
calculated. The CV for seed yield per plant of DPL 105
showed a significant linear response to plant popula-
tion, but Essex showed no response to population (Ta-
ble 5). A significant linear increase in the CV of total
plant seed yield with increase in row spacing dem-
onstrated that plant-to-plant variability is greater in
wider rows (Table 6). Duncan et al. (11) found that
treatments that enhanced interplant competition and
moisture stress increased plant-to-plant variability.

In DPL 105, mainstem seed yield CV increased, with
increasing plant population (Table 5). In Essex, branch
seed yield CV increased with increasing plant popu-
lation. This indicated that the mainstem yields of
DPL 105 was more consistent at the lower plant pop-
ulations, whereas the branch seed yield of Essex was
more consistent at the lower plant populations.

Pod Number Per Plant and Per Unit Area
When averaged aver all other treatments, DPL 105

had greater numbers of pods per plant, more varia-
bility in pod numbers, and more pods per area than
Essex. The number of pods per plant was not affected
by row spacing, but decreased significantly with in-
creasing plant population (Table 5 and 6). This de-
crease in pod number per plant with increasing plant
population can occur without a change in yield per
hectare because more plants would be present. Like-
wise, equal pod numbers per plant at all row spacings
can result in higher yields as row spacings decrease,
primarily due to the survival of more plants in the
narrow rows. The pod number per unit area was higher
in the narrow rows (25 and 51 cm) than in wide rows
(76 cm), which resulted in higher seed yield at the
narrower spacings. Partial correlation coefficients
showed that pod number per unit area correlated more
highly (P < 0.05) with seed yield per unit area (r =
0.46) than did pods per plant (r = 0.25). There was a
cultivar X plant population interaction present, due
mostly to the high pod number per plant at the low
plant population of DPL105.
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