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Abstract

Soybean Glycine max (L.) is grown for grain on more hectares in Mississippi than any other row crop. The objective of this research project
was to evaluate the interaction of row configuration (Single-Row [SR] compared to Twin-Row [TR]) and two planting populations, 258,300 (MP)
and 387,500 (EHP) seed ha-1(whole plot), with five commonly used management strategies used in Mississippi (subplot). Management strategies
included fungicide (F), desiccant (F+D), P and K fertilization (F+D+PK), and N and S fertilization (F+D+PK+NS) all compared to standard practice
control (C). A multi-year field study was evaluated near Stoneville, MS at the Delta Research and Extension Center (DREC) on a Commerce silty clay
loam. Grain yield was 2.5% greater when using the TR system when compared to SR systems. Planting population EHP increased grain yield by 1.6%
when compared to MP population. Addition of fungicide (F) increased soybean grain yield by 4.9% when compared to no fungicide application (C).
Based on economic analysis, the data suggest using the TR configuration at a MP population and using no additional management (C) or fungicide
only application (F). Routine applications of fertilizer P, K, N or S without soil testing could lead to undue expense with no economic return. Scouting
usually pays for itself both when problems are present and when they are not.

Introduction

Two strategies to manage disease pressure have emerged activity. Results also showed that 50-60% of the time fungicide

recently: i) scout for disease pressure, then make the appropriate ~ Provides a break-even response when applied at R3 to R4 under a
fungicide application or ii) make a blanket (automatic) fungicide high yielding environment. Timing for the harvest aid application
application at the growth stage (R4). Allen [1] concluded that any ~ tO soybean production application is critical. Timely application
application made before R4 will not result in season long residual ~ allows the producer to harvest 3 to 14 days sooner when
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compared to an untreated crop if applied at growth stage R6.5 and
environmental conditions are favorable [2,3]. However, desiccation
application too early in the growing season can also reduce yield.
Boudreaux [3] concluded that application of desiccant before the
soybean growth stage (R6.5) had the potential to reduce yield by
17%. If harvestaid is applied and harvest occurs in a timely manner
then no yield loss, grain weight decrease, or quality can be affected
[4-6]. Whigham and Stoller [6] concluded that paraquat shortened
the days until harvest when compared to other desiccation
herbicides. Paraquat had a slight effect on seed germination, loss
of seed weight, and yield loss was greatest when compared to other
herbicides. However, when applied 14 d before harvest there was
not a significant difference between treated and untreated plots.

Soybean fertilization is a popular practice to maximize yields
and is especially important on nutrient limited soils. Bhangoo
and Albritton [7] showed a yield increase from fertilization with
nitrogen (N), phosphorus (P), and potassium (K) combinations
that ranged from 14.7 to 32.8% compared to an untreated check
in Southeast Arkansas. Their data showed a 14% increase from N
fertilization, 7.4% increase to P fertilization and 19.4% increase
from K fertilization. Soil tests revealed soils that were low in
available P and exchangeable K and should have responded to both
P and K fertilizer applications. Nitrogen increased yield all three
years of study, K only increased two years and P one year. This
variability in fertilization response is likely due to nutrient buildup
over the course of the experiment.

Materials and Methods
Description of Sites

Multi-year field experiments, (two each in 2017, 2018, and
2019) were conducted to determine the economicimpact of soybean
agronomic inputs in the Mississippi Delta. Studies were established
at the Mississippi State University Delta Research and Extension
Center near Stoneville, MS. The experiment was conducted on fields
composed of a Commerce silty clay loam soil that is commonly
cropped to soybean within Mississippi and rotated with corn.

Composite soil samples were collected from each plot (n=160)
at a depth of 0 to 15-cm from each experimental site after harvest.
Each composite sample consisted of eight to ten, (2.5-cm diameter)
cores. Soil samples were air-dried, ground to pass through a 2-mm
sieve, and extracted using Lancaster. Lancaster extracts were
analyzed using inductively coupled atomic plasma spectroscopy
(ICPS), [8]. Soil water pH was determined in a 1:2 soil weight: water

volume ratio using a glass electrode.

Each year, weeds were controlled with a mixture of
cloransulam-methyl at 0.002 kg ai ha! (N-[2-carbomethoxy-6-
chlorophenyl)-5-ethoxy-7-fluoro (1,2,4)triazolo-[1,5-c|pyrimidine-
2-sulfonamide), plus 1.4 kg ai ha-1 S-metolachlor (2-chloro-N-
(2-ethyl-6-methylphenyl)-N-[(1S)-2-methoxy-1-methyethyl]
acetamide), plus 0.7 kg ai ha' glufosinate-ammonium (RS)-2-
Amino-4-(hydroxyl(methyl)phosphonoxyl)butanoic acid) applied
to the soil surface prior to soybean emergence. This was followed by
a V3 growth stage application mixture of S-metolachlor at 1.3 kg ai
ha-1 (2-chloro-N-(2-ethyl-6-methylphenyl)-N-[(1S)-2-methoxy-1-
methyethyl] acetamide) plus 0.7 kg ai ha-1 glufosinate-ammonium
(RS)-2-Amino-4-(hydroxyl(methyl)  phosphonoxyl)  butanoic
acid). Soybean management closely followed the Mississippi
State University Extension Service recommendations for pest and
irrigation management.

Treatments

The soybean cultivar ‘Credenz 4748 LL was seeded into
conventionally tilled plots measuring 4.06 x 30.48-m at 258,300
seed ha-1 to represent the medium planting population (MP)
and 387,400 seed ha' to represent the extra high planting
population (EHP) via John Deere Max Emerge 2 planter (John
Deere, Deer and Company, One John Deere Place Moline, IL) for
the SR system. A Twin-Row Monosem planter (Monosem Inc. 1001
Blake St. Edwardsville, KS) was used to plant each population in
the TR system. Each plot consisted of four beds spaced 101.6 cm
apart separated by a perpendicular alley 5-m across (Table 1 for
treatment layout and Figure 1 for row configuration design).
Replications were established down the slope based on drainage
and irrigation direction.

Management strategy applications consisted of: i) control
(@), ii) fungicide applied at R4 (F), iii) fungicide at R4 + desiccant
applied at R7 (F+D), iv) fungicide at R4 + desiccant applied at R7
+ 0-0-60 and 0-46-0 applied at crop emergence (F+D+PK) and v)
fungicide at R4 + desiccant applied at R7 + 0-0-60 and 0-46-0 + AMS
applied at crop emergence (F+D+PK+NS). Fertilizer applications
included ammonium sulfate (AMS; 21-0-0-24S), muriate of potash
(0-0-60), and triple superphosphate (0-46-0). Sources were chosen
for their availability and common use in the mid-southern U.S.
All fertilizer sources were broadcast by hand (simulated aerial or
ground application) to randomly assigned plots at 112 kg P205
ha-1, 112 kg K20 ha, and 112 kg AMS ha’. Pre-weighted samples
were applied and incorporated by cultivation.

Table 1: Whole plot and addition of treatment design for research conducted during 2017, 2018 and 2019 at the Delta Research and Extension Center.

SR MP C - - -
SR MP F Y - -
SR MP F+D Y -
SR MP F+D+PK Y Y
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SR MP F+D+PK+NS Y Y Y Y
SR EHP C - - -

SR EHP F Y - -

SR EHP F+D Y Y -

SR EHP F+D+PK Y Y Y

SR EHP F+D+PK+NS Y Y Y Y
TR MP C - - -

TR MP F Y - -

TR MP F+D Y Y -

TR MP F+D+PK Y Y

TR MP F+D+PK+NS Y Y Y
TR EHP C - - -

TR EHP F Y - -

TR EHP F+D Y Y -

TR EHP F+D+PK Y Y

TR EHP F+D+PK+NS Y Y Y

1/ (SR = single-row; TR = twin-row; MP = medium; EHP = extra high).

2/ management strategies [C = control; F = fungicide @ R4; F+D = F + desiccant @ R7; F+D+PK = F+D+P and K fertilization at emergence; F+D+P-
K+NS = F+D+PK+ Nitrogen and Sulfur (AMS) fertilization at emergence].

102 cm 25 cm

%

102 cm

Figure 1: lllustration of Single-Row (top) and Twin-Row configuration (bottom).

. J

Fungicide applied at R4 soybean growth was 0.5 L ha' of Measurements/Data Collection
Quadris Top SBX (Syngenta Crop Protection AG, P.O. Box CH-4002
Basel, Switzerland) applied at 15 L ha* spray volume. This material
is a combination of difenoconazole and azoxystrobin. The fungicide
was designed to represent a “blanket” automatic application that
can be used without scouting for disease pressure. A desiccation
was applied at R7 using 1.2 L ha? of GramoxoneTM (Syngenta
Crop Protection AG, P.0. Box CH-4002 Basel, Switzerland) paraquat
dichloride (1,1’-dimethyl-4,4’-bipyridinium dichloride) plus 0.25%
COC applied at 15 L ha* spray volume.

A small-plot combine (Kincaid Equipment, 210 West First St.,
P.0. Box 400; Haven, KS) was used to harvest the middle two rows
of each plot. Harvest moisture and estimated bushel test weight
were determined from a sub sample with a Dickey-John model GAC
2100b moisture meter (Dickey-john, 5200 Dickey John Rd. Auburn,
IL). Soybean yield was collected and adjusted to 13% moisture
content for yield analysis. A sub sample was collected at harvest to
determine grain moisture and bushel test weight.
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Statistics

Individual experiments were designed as a split plot with
twenty treatment arrangements using four replications and two
site years in each year (2017 -2019). Means for yield component
data were calculated across replicates for each site year and 3-yr
average for each measurement. Type III statistics were used to test
treatment effects, and least square means were separated at the
p < 0.05 significance level using Fisher’s Protected LSD. Classified
by site year, data were subjected to ANOVA using the PROC MIXED
procedure in SAS v. 9.4 (SAS Institute Inc. 100 SAS Campus Drive
Cary, NC 27513-2414, USA). Least square means were calculated,
and mean separation (p < 0.05) was produced using PDMIX800
in SAS, a macro for converting mean separation output to letter

groupings if a significant response occurred [9].
Results and Discussion
Grain Yield

In2019 and 3-yraverage, soybean grain yield was greatest when
using the TR system compared to SR by 5.9 and 2.5%, respectively
(Table 2).In 2017 and 2018, differences in soybean grain yield when
comparing TR to SR were 0.7 and 1.3%, respectively (differences
not significant). Bruns [10] in Mississippi and Mascagni [11] in
Louisiana reported increased soybean grain yields by up to 13%
when comparing TR to SR systems. They reasoned that increased
soybean grain yield was likely due to reduced plant-to-plant
competition and increased pods plant-1.

Table 2: The effect of row configuration, planting population and management strategy as it influenced soybean grain yield for soybean research4

conducted during 2017 - 2019 at the Delta Research and Extension Center.

———————————————— Yield (kgha')-----------unumunnn
Whole Plot
Row Configuration'/
SR 3774.7 3571.2 4836.9 b 4080.7 b
TR 3800.5 3618.7 51424 a 4187.2a
LSD - - 102.3 35.3
Pr>F 0.475 0.2095 0.0001 0.0001
Planting Population?
MP 3728.2b 3561.4b 4955.6 4101.5b
EHP 3847.1a 3628.5a 5023.7 4166.4 a
LSD 58.5 32.5 - 35.3
Pr>F 0.0013 0.0473 0.231 0.0025
RCx PP 0.0709 0.4917 0.3634 0.8026
Sub Plot
Management Strategy?*/
C 36489 c 3510.7 ¢ 4936.2 40319b
F 3902.0a 3700.3 a 5112.1 4238.1a
F+D 3815.7 ab 3664.1 ab 4987.1 4182.6 ab
F+D+PK 3777.5b 3580.1 bc 4978.3 4112.0 ab
F+D+PK+NS 3794.0 ab 35194 ¢ 4934.5 4105.2 ab
LSD 112.8 117.8 - 196.7
Pr>F 0.0007 0.0038 0.2683 0.0002
RCx PP x MS 0.1304 0.4217 0.4867 0.9924

1/ (mean of 8 replications and 2 planting populations with 5 management strategies (n = 80). T (Means within a column followed by different letters

are significantly different at P < 0.05.

2/ (mean of 8 replicates and 2 row configurations with 5 management strategies (n = 80). T (Means within a column followed by different letters are

significantly different at P < 0.05.

3/ (means of 8 replicates and 2 row configurations with 2 planting populations (n = 32). T (Means within a column followed by different letters are

significantly different at P < 0.05.

4. Research sponsored in part by the Mississippi Soybean Promotion Board (SR = single-row; TR = twin-row; MP = medium; EHP = extra high).
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In 2017, 2018, 2019 and 3-yr average, differences in soybean
grain yield when comparing EHP population to MP population
was 3.1, 1.8, 1.4 and 1.6%, respectively (not significant in 2019).
Stivers and Swearingin [12] reported that small skips in soybean
stand will not reduce grain yield. However, large skips do have
the potential to reduce grain yield. If a thin stand is uniform early,
soybean can compensate and similar yields can be achieved over
a large range of soybean populations [13-16]. In 2019, averaged
across both populations soybean grain yield was 27.9% greater
when compared to 2018.

For the 3-yr average, F increased soybean grain yield when
compared to no additional management control (C). Addition
of management strategies other than fungicide never increased
soybean grain yield. In 3-yr average, use of fungicide increased
soybean grain yield by 4.9% when compared to no management (C).
Mahoney, et al. [17] reported a 4.5% soybean yield increase when
utilizing a fungicide applied at R3 in Ontario, Canada. Fungicide
application increased soybean grain yield between 253 kg ha-1 in
2017 to 175.9 kg ha-1 in 2019 when compared to a no-fungicide
management. Nelson [18] in Missouri reported yield increases up
to 390 kg ha'’.

Use of desiccant consistently resulted in a reduction in grain
yield when compared to F (fungicide alone). In 3-yr average,
desiccant reduced soybean grain yield by 55.5 kg ha® this was
mainly due to a 42% increase in seed loss at the time of harvest
compared to a non-desiccant (C and F) treatment. When comparing
F to F+D, a yield loss of 1.3% occurred due to application of
desiccant. Philbrook and Oplinger [19] reported an average yield
loss of 10% due to shattering, lodging and harvesting; losses could
be greater when using a desiccant. During this study adverse
weather conditions occurred in 2017 and 2018 in the form of excess

rainfall from nearby hurricanes. Plots that received a desiccant
could not be harvested until all plots were 15% moisture or less.
Delayed harvest after desiccant application may have contributed
to some yield Odecline when compared to non-desiccant (C and F)
treatments. Recommendations call for harvest within 10 - 14 days
following the desiccant application.

Addition of fertility (P and K) or (N and S) failed to increase
soybean grain yield. Research reported in literature has shown
application of N has shown to reduce the number of nodules formed
on soybean roots [20-22] consequently maintaining or reducing
soybean grain yield [23,24] reported increases in soybean grain
yield up to 9% when applying K fertilizer on already medium to
high K level soils. Kamprath and Jones [25] reported an increased
soybean yield response when soil S was below 4 mg kg-1 and
unresponsive at soil levels of 8 mg kg™

Economics

In 2019 and 3-yr average, the TR system resulted in a greater
net profit when compared to the SR system (Table 3) even though
TR equipment cost $6.35 more ha'.In 2019 and 3-yr average, the TR
system resulted in 5.6 and 2.8% greater net profit when compared
to SR system, respectively. The increase in net profitability during
these years was due to increased soybean grain yield in those years
associated with TR configuration. In 3-yr average, the TR system
produced $30.20 ha* more compared to SR that surpassed cost for
increased operation costs. Earlier, Bruns in Mississippi, reported an
economic advantage when comparing TR to SR systems. If herbicide
applications can be reduced, using the TR system then economic
benefit would be even greater when compared to the SR system. If
TR can increase grain yield of other grain crops grown in the region
such as corn, then equipment costs can be spread over additional
production hectares.

Table 3: The effect of row configuration, planting population and management strategy as it influenced cost return for soybean research4 conducted
during 2017 - 2019 at the Delta Research and Extension Center.

———————— Return ($hat)-------------------
Whole Plot
Row Configuration'/
SR 987.5 826.7 1340.7b 1044.1b
TR 989.9 835.2 1420.3 a 10743 a
LSD - - 16.8 12
Pr>F 0.8431 0.5972 0.0001 0.0003
Planting Population?/
MP 997.6 849.7 a 1406.6 a 1077.1a
EHP 979.9 812.2b 1354.3b 1041.2b
LSD - 9.8 16.8 12
Pr>F 0.1511 0.0219 0.0001 0.0001
RCx PP 0.0709 0.6382 0.9961 0.8358
Sub Plot
Management Strategy*/
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C 1070.4 a 9379a 1495.5a 1164.8 ab

F 1089.4 a 937.3a 1496.8 a 11741 a

F+D 1020.3 b 875.1b 1421.6b 1098.6 b
F+D+PK 895.5¢ 728.7 ¢ 1260.2 ¢ 9479 c
F+D+PK+NS 868.0 6759 c 12283 ¢ 910.5¢

LSD 38.4 50.5 37.2 72.8

Pr>F 0.0001 0.0001 0.0001 0.0001
RCx PP x MS 0.1303 0.7067 0.4207 0.9913

1/ (mean of 8 replications and 2 planting populations with 5 management strategies (n = 80). T (Means within a column followed by different letters

are significantly different at P < 0.05.

2/ (mean of 8 replicates and 2 row configurations with 5 management strategies (n = 80). T (Means within a column followed by different letters are

significantly different at P < 0.05.

3/ (means of 8 replicates and 2 row configurations with 2 planting populations (n = 32). + (Means within a column followed by different letters are

significantly different at P < 0.05.

4 Research sponsored in part by the Mississippi Soybean Promotion Board (SR = single-row; TR = twin-row; MP = medium; EHP = extra high).

In 2018, 2019, and 3-yr average, MP was more profitable
when compared to EHP population even though EHP population
produced greater soybean grain yields in 2017 and 3-yr average.
This is due to the increased cost associated with planting seed.
Similarly, De Bruin and Pedersen [26] reported small gains from
increased planting populations did not pay for the additional
planting seed required. Planting population MP is 33% less seed
planted ha-1 when compared to EHP population and net return
was 3.3% greater for MP population. Planting population MP cost
$116.13 ha-1 compared to EHP population cost at $174.20 ha-
1. The saving of $58.07 ha-1 on seed cost offsets the 64.9 kg ha-1
yield increase that is gained using the EHP population. These prices
and differences will vary depending on the cost of seed and seed
treatments.

Other management strategies never increased net profitability
compared to no management. However, F was the only management
strategy that produced similar profitability in all years of this study:.
Very little increases of 0.1% in net profitability were observed in
2018 and 2019 but the differences were not statistically significant.
Use of foliar-applied fungicides are not always economical [17,27].
However,a 1.7% net profitability increase occurred in 2017. Changes
in profitability of fungicide applications show the variability in
disease presence across years and how an automatic application
can be more beneficial in high disease pressure circumstances.

Management strategies that apply P and K fertilizer + cost
of application cost have $131.23 ha!, while ammonium sulfate
fertilizer (21-0-0-24s) + application only cost $51.72 ha-1 (these
values change depending on the annual cost of the fertilizer
material). Heatherly et al, [28] reported that use of N fertilizer
lowered net returns by $28 to $50 ha! (fertilizer prices could
have been much different in 2003 as compared to 2019). Fertilizer
additions often increase yield to cover cost of application and
cost of product if soils are in the low category. Soils that are in the
medium, high and extra high soil test categories tend to be less
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responsive when compared to field with low soil test values. Thus,
the probability of response to added fertilizer goes down as soil test
level goes up. Nitrogen additions to soybean often do not provide
an economic return if fertilizer is applied to these fields [23,29-31].
The data presented justified the importance of a soil sample that
cost approximately $17.30 ha™.

Summary

The TR system also resulted in greater soybean grain yield
when compared to the SR system. Planting population EHP resulted
in greater grain yield, but the increase cost associated with higher
planting seed reduced net returns. Use of harvest aids is important
in Mid-South soybean production, especially when adverse weather
conditions can be approaching such as long periods of rain, hard
wind and hurricanes. When conditions such as these are long-range
forecasted, harvesting R6.5 soybeans are critical, and harvest aids
can and should be applied. Using additional fertility did not increase
grain yields or net returns when applied without soil testing.
Soil sampling is a much cheaper alternative when compared to
automatic fertilizer applications if the fertilizer is not required. Soil
fertility buildup to high levels in the soil can provide some security
and backup should fertilizer price rise. However, high levels can
also lead to potential field loss and damage to the environment.
Use of fungicide (F) was the only management strategy that did not
resultin less net return when compared to no management applied.
This data suggests that a producer should plant a MP population
using the TR configuration, scout for disease pressure, and apply
fungicide if needed while maintaining soil fertility (soil testing).
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