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Introduction

Increased soybean commodity prices in recent years have generated interest in
developing high-input systems to increase yield. However, little peer-reviewed information
exists about the effects of input-intensive, high-yield management on soybean yield and
profitability, as well as interactions with basic agronomic practices.

Field Experiments

Three separate field experiments were established at 20 locations spanning 9 states
(Arkansas, Illinois, Indiana, lowa, Kansas, Kentucky, Michigan, Minnesota, and Wisconsin) from
2012 to 2014. Study locations were managed by cooperating researchers at the major land-grant
universities in the participating states.

Experiment 1: Evaluating Input-intensive Management Systems

The objective of this study was to investigate the effects of individual inputs and
combinations of inputs as part of high-input systems (nicknamed ‘SOYA’) on soybean yield,
yield components, and break-even probabilities compared to a standard practice (SP, current
university recommendations for fertilizer and herbicide programs). The inputs evaluated
including seed treatments, growth promoters, defoliant, nitrogen, foliar fertilizer, N,N’-diformyl
urea, foliar fungicides, and foliar insecticides. Products and rates used are listed in Table 1, and
the product costs are listed in Table 2.

Individual site-year analysis found that the different input systems affected yield in 26 of
60 site-years (43%), and the majority of the responsive site-years were in the northern Midwest.
Regional analysis showed no yield responses in the South region (AR, KS, and KY), but yield
responses to the different input systems were found in the Central (1A, IL, and IN) and North
regions (MI, MN, and WI) (Table 3). In general, the combination ‘SOYA’ resulted in the greatest
yield increases, but Bayesian economic analysis indicated SOY A had low-breakeven
probabilities due to high-input costs. Foliar insecticide had the greatest break-even
probabilities across all environments (Table 4).
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Experiment 2: Evaluating Cultivar x Input System Interactions

The objective of this study was to evaluate cultivar x input system interactions on
soybean yield and yield components. Six soybean cultivars, representing high-yield potential
cultivars suitable for each specific location, were chosen by the collaborating university
agronomist from each state. The six chosen cultivars were evaluated under three input systems
(Table 1): (1) “Standard Practice” (SP, current university recommendations for fertilizer and
herbicide programs), (2) “SOYA” [high-input treatment consisting of university
recommendations for fertilizer and herbicide programs; seed treatment fungicide, insecticide,
nematistat, inoculant, and lipo-chitooligosaccharide (LCO); soil-applied nitrogen fertilizer; foliar
LCO, fertilizer, antioxidant, fungicide and insecticide], and (3) “SOYA-FF” (SOYA minus foliar
fungicide).

An individual site-year yield analysis found only 3 of 53 (5.7%) site-years examined had
a significant cultivar x input system interaction, suggesting cultivar selection and input system
decisions can remain independent. Regional analysis showed both high-input systems (SOYA
and SOYA-FF) increased yield over the SP within each region, but a yield increase from
fungicide use (i.e. SOYA) was only observed in the North region. Across all site-years, the
SOYA and SOYA-FF treatments yielded 3.4 (5.5%) and 2.2 bu ac* (3.5%) more than the SP, and
differences in response to input systems were found among maturity groups. Yield component
measurements (seeds m?, seed mass, early-season and final plant stand, pods plant?, and seeds
pod?) indicated positive yield responses were due to increased seeds m2 and seed mass.

Experiment 3: Evaluating Seeding Rate x Input System Interactions

The objective of this study was to evaluate seeding rate x input system interactions on
soybean yield. Six different seeding rates (50000, 80000, 110000, 140000, 170000, and 200000
seeds ac™) were evaluated under two management systems (Standard Practice and SOYA).

Results showed no interaction between seeding rate and input system within average-
(>45 and <78 bu ac?) and high- (>78 bu ac?) yielding site-years. However, in low-yielding site-
years (<45 bu ac), yields were found to be maximized at lower plant populations with the high-
input system (SOYA) versus the control (Standard Practice). Across all site-years, 29 of 59 site-
years examined showed a yield increase due to the SOY A management system across all tested
seeding rates.

Conclusions and Recommendations

Following established soybean management recommendations developed by university
research and Extension programs will allow soybean producers to maximize soybean yield and
profitability under most circumstances. Growers in the Mid-South and lower Midwest are
unlikely to see positive economic returns from prophylactic use of inputs in their soybean
management systems, especially in the absence of pest pressure. Meanwhile, growers in the
upper Midwest may see responses to certain additional inputs, especially at higher yield levels
and soybean prices, but downward turns in soybean prices (i.e. a low-margin year) will
significantly lower break-even probabilities for individual and combinations of inputs. Soybean
producers should focus on ensuring that basic agronomic practices, such as adequate seeding
rates, adapted cultivars, proper soil fertility, and integrated pest management principles are
optimized and should not expect dramatic increases in yield and profitability solely from the
inclusion of additional inputs into their management systems.
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Table 1. Component products, active ingredients, rates, and timings for experiments across the Midwest and Mid-South from 2012 to 2014.

Seed
Treatment§ Foliar Input§ Combination
FF SOYA-
] ) o F  F+l  Max N-N' + SOYA SOYA- SOYA- FFand
Productt Active Ingredient Rate Timing | Spt | ST ST ST | D N F urea FF FI Fl | SOYA +D N FF FI
mL Ib seed !

pyraclostrobin +
Acceleron F metalaxyl + fluxapyroxad 0.47 Seed - + + + |- - - - - - - + + + + +
Acceleron | imidacloprid 1.18 Seed - -+ o+ |- - - - - - - + + + + +
Poncho/Votivo CIOth'a'g'rrlfn:SBaC'"”S 0.29 Seed - -+ + |- - - - - - - + + + + +

A Bradyrhizobium
Optimize japonicum + LCO§ 0.83 Seed - - - + |- - - - - - - + + + + +

Ib ac?
Ureaf 46-0-0 %N-P,05-K;0 75 V4 - - - - -+ - - - - - + + - + +
ESN 44-0-0 %N-P,05-K,0 75 V4 - - - - -+ - - - - . + + - + +
fl 0z ac?
Cobra# lactofen 12 V4 - - - - + - - - .. - _ + _ _ _
Ratchet LCO 4 V4-\V6 - - - + | - - - - - - - + + + + +
11-8-5-0.1-0.05-0.040.02-
0.00025-0.00025 %N-
Task Force 11 P,0<-K,0- Fe-Mn-Zn-B- 64 R1 - - - - - -+ - - - - + + + + +
Co-Mo

Bio-Forge N,N"-diformyl urea 16 R3 - - - e + + + + +
Headlinett pyraclostrobin 6 R3 - - - - - - - - -+ + + + - -

. pyraclostrobin +
Priaxor 11 fluxapyroxad 8 R3 - - - - - - - - -+ + + + - -
Warrior Il £t lambda-cyhalothrin 1.92 R3 - - - - - - - - -+ 4+ + + + -

. lambda-cyhalothrin +

Endigott thiamethoxam 4 R3 3 - Sl T - -t F + + + + -

t Acceleron® (Monsanto Co., St. Louis, MO); Poncho®/Votivo® (Bayer Crop Science, Research Triangle Park, NC); Optimize® (Novozymes, Brookfield, WI); ESN [environmentally smart
nitrogen (polymer-coated urea)] (Agrium, Calgary, Alberta, Canada); Ratchet™ (Novozymes, Brookfield, W1); Cobra® (Valent USA Corp., Walnut Creek, CA); Task Force® 2 (Loveland
Products, Inc., Greeley, CO); Bio-Forge® (Stoller USA, Inc., Houston, TX); Headline® (BASF Corp., Florham Park, NJ) used in 2012; Priaxor™ (BASF Corp., Florham Park, NJ) used in
2013-2014; Warrior 11® (Syngenta Crop Protection, LLC, Greenshoro, NC) used in 2012; Endigo® (Syngenta Crop Protection, LLC, Greenshoro, NC) used in 2013-2014.

t SP, standard practice (current university recommendations for fertilizer and weed control programs.

8 F ST, fungicide seed treatment; F+1 ST, fungicide + insecticide seed treatment; D, defoliant; N, soil-applied nitrogen fertilizer; F, foliar fertilizer; FF, foliar fungicide; FI foliar insecticide;
FF + FI, foliar fungicide + foliar insecticide; LCO, lipo-chitooligosaccharide.

{ Treated with Agrotain® [N-(n-butyl) thiophosphoric triamide] (Koch Agronomic Services, LLC, Wichita, KS) at 1.4 mL Ib urea.
# Tank mixed with 1% v/v crop oil concentrate.

11 Headline® was used in 2012, and Priaxor™ was used in 2013 and 2014.

13 Warrior 11®was used in 2012, and Endigo® was used in 2013 and 2014.
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Table 2. Additional marginal costs for inputs over
the standard practice from 2012 to 2014.

Cost ($ ach)f

Inputt 2012 2013, 2014
Fungicide ST 9 9
Fung. + Insect. ST 21 21
Max ST 24 24
Foliar fertilizer 19 19
Defoliant 18 18
Nitrogen fertilizer 44 44
N,N’-diformyl urea 21 21
Foliar Fungicide 26 39
Foliar Insecticide 12 14
Foliar Fung. + Insect. 30 45
SOYA 138 153
SOYA+D 156 171
SOYA-N 94 109
SOYA - FF 112 114
SOYA -FF + FI 108 108

t ST, seed treatment; SOYA, high-input system
consisting of the max ST, foliar fertilizer,
defoliant, nitrogen fertilizer, N,N’-diformyl urea,
foliar fungicide and foliar insecticide; D, defoliant;
N, nitrogen fertilizer; F, foliar fertilizer; FF, foliar
fungicide; FI, foliar insecticide.

T Costs differed between 2012 and 2013, 2014 due
to the use of different input products.
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Table 3. Seed yield, seed number, seed mass and final stand values for inputs across environments in the South (Arkansas, Kansas, Kentucky), Central (lllinois, Indiana, lowa), and North

(Michigan, Minnesota, Wisconsin) regions from 2012 to 2014.

South Central North
Seed Seed Seed Seed Seed Seed
Inputst yield number  Seed mass  Final stands yield number Seed mass  Final stands yield number Seed mass  Final stands
bu ac* seeds m?  mg seed? plants ac™* bu ac* seeds m mg seed™* plants ac™* bu ac seeds m mg seed?! plants ac™*

Standard Practice 61.0 2633 154.4 112370 60.0 2445 163.4 135030 61.0 2515 164.4 129940
Fung ST 60.1 2595 154.9 119440 59.7 2438 165.3 134670 61.6 2504 167.0 134830
Fung. + Insect. ST 60.4 2635 153.0 113510 60.3 2454 164.0 135730 62.1 2533 166.5 139070
Max ST 61.8 2683 154.6 114700 59.7 2429 164.6 133460 63.4 2564 168.8 141170
Foliar Fertilizer 61.2 2638 155.2 118630 59.5 2428 165.4 132590 62.5 2568 165.0 134350
Defoliant 61.8 2673 156.1 116520 57.2 2368 161.6 130370 58.5 2449 162.6 135640
Nitrogen fertilizer 61.0 2655 154.2 112800 60.7 2492 163.6 131110 63.4 2581 166.6 133920
N,N’-diformyl urea 61.3 2670 155.0 116510 59.8 2416 164.7 135410 61.6 2507 166.9 134500
Foliar Fungicide 61.3 2606 157.7 114800 61.5 2457 167.8 132630 63.8 2548 170.1 132530
Foliar Insecticide 60.1 2639 154.6 112520 60.9 2457 166.7 133080 65.3 2596 170.7 132910
Foliar F + | 61.0 2617 156.4 115890 62.1 2479 168.5 131990 67.8 2646 174.2 131730
SOYA 63.7 2737 157.1 115080 63.1 2519 168.3 131870 68.3 2625 176.5 135470
SOYA+D 63.2 2708 157.0 113480 61.9 2492 166.1 134870 65.6 2581 172.0 140970
SOYA-N 62.8 2662 157.8 115630 62.1 2474 165.9 135910 66.5 2567 175.8 140680
SOYA - FF 63.1 2689 156.6 111940 61.6 2485 166.1 136200 67.5 2646 174.0 142830
SOYA - FF +FlI 61.9 2671 155.8 113520 61.6 2514 165.6 132720 64.9 2580 170.2 141250
LSD% NS§ NS NS NS 2.2 NS§ 2.6 NS 1.9 64 3.4 2880

t ST, seed treatment; SOY A, high-input system consisting of the max ST, foliar fertilizer, defoliant, nitrogen fertilizer, N,N’-diformy! urea, foliar fungicide and foliar insecticide; D, defoliant;
N, nitrogen fertilizer; F, foliar fertilizer; FF, foliar fungicide; FI, foliar insecticide.

T LSD, least significant difference.

§ NS, not significant (P < 0.05).
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Table 4. Relative yield change and break-even probabilities for inputs compared to the standard practice at multiple yield levels and
soybean sale prices for studies across the Midwest and Mid-South between 2012 and 2014.

Yield level (bu ac?)

45 60 75

Soybean sale price ($ bu?)
Input T RYC (%)t 90 120 150 90 120 150 90 120 15.0

% probability of break-even
Fungicide ST -0.03 1 3 6 3 7 12 6 12 17
Fungicide + Insecticide ST 0.55 0 0 0 0 0 2 0 2 6
Max ST 2.15 0 0 5 0 8 26 5 26 50
Foliar Fertilizer 1.17 0 0 3 0 4 14 3 14 27
Defoliant -1.79 0 0 0 0 0 0 0 0 0
Nitrogen fertilizer 2.15 0 0 0 0 0 0 0 0 2
N,N’-diformyl urea 0.39 0 0 0 0 0 1 0 1 4
Foliar Fungicide 2.45 0 0 0 0 0 1 0 12
Foliar Insecticide 3.19 40 77 91 77 93 97 91 97 99
Foliar Fungicide + Insecticide 5.56 0 0 11 0 23 76 11 76 97
SOYA 8.08 0 0 0 0 0 0 0 0 0
SOYA+D 5.88 0 0 0 0 0 0 0 0 0
SOYA-N 6.02 0 0 0 0 0 0 0 0 0
SOYA - FF 6.65 0 0 0 0 0 0 0 0 0
SOYA - FF + FI 3.92 0 0 0 0 0 0 0 0 0

T ST, seed treatment; SOYA, high-input system consisting of the max ST, foliar fertilizer, defoliant, nitrogen fertilizer, N,N’-
diformyl urea, foliar fungicide and foliar insecticide; D, defoliant; N, nitrogen fertilizer; F, foliar fertilizer; FF, foliar fungicide; FlI,
foliar insecticide.

1 RYC, relative yield change compared to the standard practice.
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