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1. EXECUTIVE SUMMARY 

Increased productivity of soybean is needed to meet domestic and global demands as well as to 
maintain the competitiveness of soybean as a rotational crop with corn. Some sources have suggested that 
average soybean yields will need to double in the next 20 to 25 years to meet the needs of a growing 
world population, yet at the current rate of gain of approximately 0.35 bu acre-1 year-1, over 100 years will 
pass before the current average U.S. yield of 44 bu acre-1 surpasses 80 bu acre-1. We propose that 
management practices for soybean production have not kept up with genetic improvements for soybean 
yield, pest resistance, and stress tolerance. As such, we believe that understanding the main effects and 
interactions of six categorical yield factors may help us implement improved management practices for 
increased soybean yield. These factors are weather, fertility, variety, foliar crop protection (fungicides and 
insecticides), seed treatments, and row spacing; the so-called ‘Six Secrets of Soybean Success’. 

With the support of the Illinois Soybean Association and industry partners, we evaluated the Six 
Secrets concept at four locations (two trials per location) across Illinois in 2012. A ‘standard’ 
management practice (a variety of typical maturity for the region with either untreated seed or a basic 
seed treatment) was compared to a ‘high tech’ management practice in which a full-season variety for the 
region was grown with additional N, P, S, and Zn fertility (MicroEssentials SZ), foliar protection from 
insects and fungal pathogens, and an advanced seed treatment package consisting of a fungicide, 
insecticide, and nematicide. All treatments were compared in 20-inch and 30-inch rows. Significant yield 
responses to the high tech package were detected in six of eight trials. Inappropriate variety placement 
resulted in no response to intensive management in two trials highlighting the importance of selecting 
high yielding germplasm as a component of intensive soybean management systems. This report focuses 
on the combined analysis of the six responsive trials.  

Averaged across six trials, the ‘high tech’ package increased yield by 9.9 bu acre-1 (P ≤ 0.05). Narrow 
row spacing increased yield at three of the four locations; Champaign, DeKalb, and Rushville with 
respective yield increases of 3.0, 6.5, and 1.6 bu acre-1. At the management responsive sites, banded 
fertility (N, P, S, and Zn) and full foliar protection (fungicide + insecticide) had the greatest individual 
effects on yield with respective contributions of 4.3 and 3.6 bu acre-1 when averaged across the traditional 
and high tech systems. Switching from a variety of ‘normal’ maturity to a fuller season variety had a 3.2 
bu acre-1 effect on yield, and use of a seed treatment including a fungicide, insecticide, and nematicide 
contributed an additional 2.6 bu acre-1. 

A second focus of the 2012 trials was on optimizing fertility for soybean yield. Two approaches were 
employed. The first was a factorial experiment supplying N (75 lb N acre-1), P (75 lb P2O5 acre-1), or K 
(165 lb K2O acre-1). There was no response to extra fertility at one location (DeKalb); however, 
combining N and P resulted in a significant response of 8.5 bu acre-1 at Champaign (P ≤ 0.05). The 
second approach examined the effect of previous corn management practices and fertility on the current 
year’s soybean yields. Residual fertility from a 2011 corn management trial (100 lb P2O5 acre-1 applied as 
MicroEssentials SZ) resulted in a significant yield increase of only 0.8 bu acre-1. The main conclusion 
from the 2012 project highlights the importance of choosing a high yielding, locally-adapted soybean 
variety and managing it with fertilizer placement and a full suite of crop protection products. 
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2. INTRODUCTION 
Soybean yields have been increasing at a steady rate since the introduction of soybeans in the United 

States over 80 years ago (Fig. 1). Despite the progress that has been made in genetic improvement of 
soybean yield, there is a common perception that soybean yields have reached a plateau, particularly if 
soybean yield gains are compared to those of corn. Between 1924 and 2010, average U.S. soybean yields 
increased from 11 bu acre-1 to nearly 44 bu acre-1, representing an annual increase of approximately 0.35 
bu acre-1 year-1. In contrast, during the same time period, average U.S. corn yields underwent a nearly 
seven-fold increase from 22 to 153 bushels acre-1. During the years between 1950 and 2010, the annual 
rate of gain in U.S. corn yields was nearly 2 bushels acre-1 year-1.  

One potential explanation for the slower rate of soybean yield gain is that soybeans have not been as 
intensively managed in comparison to corn. Beginning in the 1950’s, for example, hybrid corn production 
was enhanced by the widespread availability of inorganic nitrogen fertilizer. Furthermore, greater 
tolerance of corn hybrids to increased plant density, widespread adoption of biotechnology traits, and 
other recent technology introductions such as foliar fungicide use have expanded the suite of management 
tools available for corn producers. Similar synergistic combinations of management tools might be what 
are needed for major advancements in soybean yield. In addition, because corn is grown as a hybrid 
which has greater yield potential compared to a self-pollinating crop like soybean, there has been more 
private investment in corn breeding than soybean breeding. 

 
Figure 1. Historical U.S. corn and soybean yield trends (USDA-National Agricultural Statistics Service, 
2011). Average soybean yields and regression line shown for years 1924-2010. Average corn yields shown 
for 1866-2010. Corn yield regression line is shown for years 1950-2005. 

 

We propose that further gains in soybean yield will be underpinned by continued success in breeding 
and the introduction of new biotechnology traits, but that a renewed focus on agronomic management of 
soybeans is required to realize the genetic yield potential of new soybean germplasm. An example of the 
genetic yield potential of soybean and the management required to achieve more of this potential is 
provided by the accomplishments of Kip Cullers from Purdy, MO. Mr. Cullers has achieved record-high 
soybean yields of 139 (2006), 156 (2007), and 160 (2010) bushels acre-1 showing that yield potential of 
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soybean is at least 160 bushels acre-1, and that these impressive yields can only be achieved through 
careful attention to detail, particularly for factors that influence pod number. Through the marriage of 
improved germplasm and new crop management technologies, we anticipate that soybean yields will 
continue at an accelerated pace, thereby maintaining the competitiveness of U.S. and Illinois soybean 
producers in a global market. 

We believe that improved soil fertility management may hold the greatest promise for increasing 
soybean yields using today’s soybean varieties. It is common for growers to overlook or undervalue the 
importance of soil fertility for soybean production. Some growers erroneously believe that because 
adequate levels of fertilizer were applied to their corn crop the preceding year that phosphorus (P) and 
potassium (K) fertility are less critical for soybean production. On the contrary, P and K are more 
important than ever for optimizing soybean yields because of the increased fertilizer recovery of high-
yielding corn systems. A corn crop of 230 bushels acre-1 might remove 80 lb P2O5 and 60 lb K2O per acre 
in the harvested grain, and an additional 20 lb P2O5 and 120 lb K2O per acre are temporarily tied up in the 
large amount of corn residue remaining in the field (Bender et al., 2013). Similarly, a 60 bushel acre-1 
soybean crop takes up 50 lb P2O5 acre-1 and 180 lb K2O acre-1 (University of Illinois Crop Physiology 
Laboratory, unpublished data, 2012). Independently applying sufficient nutrients to both corn and 
soybean may be the most reasonable way to optimize nutrient use efficiency of the entire rotation system 
while also achieving high yields. Alternatively, optimized application of fertilizers to high-yield corn 
production using fertilizer placement may allow for improved recovery of residual fertilizer by the 
following soybean crop, particularly under no-till management. 

Through the ‘Seven Wonders of the Corn Yield World’, our laboratory has demonstrated that seven 
factors (weather, hybrid, nitrogen, previous crop, plant population, tillage, and plant growth regulators) 
contribute to corn yield. Our experiments have shown that each of these factors exerts a different 
magnitude of influence on yield, and that the factors interact to varying extents. For example, weather 
influences nitrogen availability, and corn hybrids differ markedly in how they use nitrogen and respond to 
variations in weather conditions. In a related experiment that we have termed an ‘omission plot’, we have 
shown that five factors under a producer’s control (hybrid, P fertility, N fertility, plant population, and 
fungicide use) have modest influences on yield when considered individually, and that the full value of all 
of these factors is realized when used in combination. We believe that a similar combination of factors 
exists that will help drive continued advancements in soybean yields. We have termed this likely 
combination the ‘Six Secrets of Soybean Success’. The ‘Six Secrets’ are based on a survey of soybean 
literature as well as our understanding of the physiology of the soybean plant. These factors were 
experimentally evaluated in multi-location trials in 2012, and the results of those trials are the focus of 
this report. 

 
3. WHAT ARE THE SIX SECRETS OF SOYBEAN SUCCESS? 

1. Weather induced variations in soybean yield; how do we use crop management to mitigate the 
negative impacts of the soybean yield factor that we cannot control? 

Although a producer has no control over the weather, it is the factor with the greatest influence 
over yield. Management practices can be used to mitigate transient environmental stresses like 
drought or high temperature. For example, we have investigated the use of ethylene blocking 
compounds like Invinsa and their application to alleviating the negative impacts of high 
temperature stress on corn physiology and yield. Similar strategies might be applicable to 
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soybean. Other management tools like placed fertility, enhanced seed emergence, and disease 
control could promote strong root development, thereby contributing to drought tolerance. 

2. Improve soil fertility through balanced crop nutrition and fertilizer placement technologies. 
We believe that soil fertility is the most overlooked component of soybean management for 

high yield. Phosphorus, in particular, is quickly immobilized in soil and might not be available in 
sufficient quantities for modern soybean cultivars. A 50 bu acre-1 soybean yield will remove 
approximately 20 lb P acre-1 in the grain (concentration of 0.40 lb P bu-1). In comparison, a 225 
bu acre-1 corn crop will remove approximately 30 lb P acre-1 (concentration of 0.13 lb P bu-1). 
Therefore, it is clear that high yield potential soybean management systems (70 to 80 bu acre-1) 
will remove equal or greater amounts of P from the soil relative to corn due to the greater 
concentration of soybean grain phosphorus (0.40 vs. 0.13 lb P bu-1). Our work with corn has 
shown that spring placement of P in a band 4 to 6 inches beneath the row results in an 
improvement in early plant growth and vigor, and we anticipate a similar response for soybean 
using this management approach. Other new technologies such as biological seed treatments that 
establish favorable relationships between the soybean plant and microorganisms could also be a 
management strategy for enhancing uptake of critical nutrients like N and P. 

3. Maximize genetic yield potential through selection of varieties that respond to increased 
management. 

Results from the 2010 University of Illinois Variety Testing Program 
(http://vt.cropsci.illinois.edu/soybean.html) indicate that soybean varieties of similar maturity can 
vary by as much as 20 bu acre-1 when evaluated at the same location. Similar to corn hybrids, we 
believe that proper selection of a soybean variety for success in a management intensive, high 
yield potential production system is of critical importance. 

4. Protect yield potential and maximize seed fill by using foliar fungicides and insecticides. 
Disease and insect control is a prerequisite for producing any crop. This is especially true with 

soybean, since a number of pest organisms have the potential to limit yield or reduce grain 
quality. Control of fungal pathogens through the use of foliar fungicide chemistries such as the 
strobilurins protects the investment that the plant has made in the leaves, which are of critical 
importance for intercepting sunlight and maximizing seed filling. Similarly, foliar insecticides 
also protect the source capacity of the plant and might also reduce the prevalence of insect 
vectored pathogens. 

5. Enhance seed emergence and vigor through the use of fungicidal, insecticidal, and plant 
growth regulator seed treatments. 

Yield potential is highest when the seed is first placed in the soil. Seed treatments protect this 
potential by promoting seed germination, seedling establishment, and early vigor. In addition to 
the disease and insect control properties of many commonly used seed treatments there also 
appear to be physiological vigor effects associated with strobilurin fungicides and neonicotinoid 
insecticide compounds. 
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6. Use of narrow row spacing for maximum light interception and optimized fertilizer placement 
strategies in corn-soybean rotations.  

Row spacing for soybean production varies by producer and geography with 30-inch, 15-inch, 
and drilled soybeans being common practices. Most literature indicates that narrow rows (≤ 20-
inches) generally produce higher yields compared to 30-inch rows. Although 15-inch soybeans 
have gained popularity in recent years, we believe that there may be an advantage to utilizing 20-
inch rows for soybean production as narrow row corn is also increasing in popularity. Use of 
common row spacing for corn and soybeans might facilitate precision fertilizer placement in a 
corn-soybean rotation. For example, P placement for high yield corn production in 20-inch rows 
could be followed by 20-inch soybeans, which could then take advantage of residual fertility from 
the previously established bands. 
 

4. RESEARCH APPROACH 
 
4.1 Omission Plot Management Trials 

Five management factors (fertility, variety, foliar insecticide/fungicide, seed treatment, and row 
spacing) for high-yield soybean production were evaluated in an effort to identify those with the greatest 
potential to increase soybean yields in an additive or synergistic manner. Although we cannot control the 
weather, multi-location trials conducted across multiple years will provide us the opportunity to 
understand soybean yield variability associated with environmental conditions, and allow us to determine 
how management inputs interact with weather. The management factors were evaluated in an omission 
plot design (Table 1), which we have also successfully employed to test the impact of various 
management factors on corn yield. This omission plot design contrasts a ‘standard’ farmer practice in 
which a soybean variety of appropriate maturity for the area is grown with no additional inputs to a ‘high 

tech’ management approach. The high tech approach includes 
improved N, P, S, and Zn fertility, a fuller season or ‘offensive’ 
soybean variety, protection from insect pests and fungal pathogens with 
foliar insecticides and fungicides, and an advanced seed treatment. One 
at a time, each factor is added at its high tech level to the standard 
management system, and at the same time, each factor is removed from 
the high tech system and replaced with its standard counterpart (Table 
1). 

A total of eight individual soybean omission plot management trials 
were evaluated at four locations. Four of these trials were sponsored by 
Syngenta (Syngenta Crop Protection products and NK varieties), and 
the other four trials were co-sponsored by BASF (crop protection 
products) and Monsanto (Asgrow varieties). 

The trials were planted at four long-term research sites that we have 
established in east-central (Champaign), northern (DeKalb), southern 
(Harrisburg), and western (Rushville), IL (Fig. 2). Six replications were 
planted at each location (seven replications in Champaign). Planting 
dates were 11 June (Champaign), 12 June (DeKalb), 3 June 
(Harrisburg), and 6 June (Rushville). Experimental plots were four rows 
wide and 37.5 feet in length. Fields in conventional tillage following 

Figure 2. Locations of long-
term research sites established
by the University of Illinois
Crop Physiology Laboratory. 
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corn as the previous crop were used. A research plot planter (SeedPro 360, ALMACO, Nevada, IA) with 
adjustable row width (20-inch and 30-inch rows) was used; plots were seeded at a rate of 178,000 seeds 
acre-1 for a target final population of approximately 160,000 plants acre-1. Weed control consisted of post-
emergence application of glyphosate when necessary.  
 
Table 1. Depiction of the soybean omission plot design. The omission plot design consists of 14 treatments. Two treatments, #1 
(High Tech) and #8 (Standard), represent the high and low input management systems, respectively. Factors are removed from 
the high tech system (treatments 2 to 7), while factors are added to the standard system (treatments 9 to 14) to quantify the 
contribution of each factor to yield under both levels of management intensity. All treatments are evaluated in 20-inch and 30-
inch row spacing. Varieties of appropriate maturity group are used at each location, while all other treatments are consistent 
across locations. 

    Management Factors 

  Treatment  Fertility 
Maturity of 
variety 

Foliar crop protection  Seed treatment 

  HIGH TECH  Placed  Full  Fungicide + Insecticide  Advanced 

D
e
cr
e
as
e
 

Te
ch
n
o
lo
gy
 

‐Fertility  None  Full  Fungicide + Insecticide  Advanced 

‐Variety  Placed  Normal  Fungicide + Insecticide  Advanced 

‐Foliar (1)  Placed  Full  Fungicide only  Advanced 

‐Foliar (2)  Placed  Full  Insecticide only  Advanced 

‐Foliar (3)  Placed  Full  None  Advanced 

‐Seed treatment  Placed  Full  Fungicide + Insecticide  Basic or untreated 

  STANDARD  None  Normal  None  Basic or untreated 

A
d
d
 T
e
ch
n
o
lo
gy
  +Fertility  Placed  Normal  None  Basic or untreated 

+Variety  None  Full  None  Basic or untreated 

+Foliar (1)  None  Normal  Fungicide only  Basic or untreated 

+Foliar (2)  None  Normal  Insecticide only  Basic or untreated 

+Foliar (3)  None  Normal  Fungicide + Insecticide  Basic or untreated 

+Seed treatment  None  Normal  None  Advanced 

 
The center two rows of each plot were mechanically harvested for measurement of yield. Yields are 

reported in bushels acre-1 at 13% moisture concentration. Grain quality (protein and oil) will be measured 
on every sample using near-infrared transmittance spectroscopy (FOSS 1241 Grain Analyzer). Quality 
data, along with yield component measurements, will be provided as an appendix to this report in March 
2013. 

Additional treatment details for each individual management factor are as follows: 

1. Fertility: Fertilizer containing N, P, Zn, and S was banded 4 to 6 inches deep immediately prior 
to planting using a research-scale fertilizer toolbar. This toolbar was constructed by the 
University of Illinois Crop Physiology Laboratory using DAWN 6000 Universal Fertilizer 
Applicators for the row units, and a Gandy Orbit-Air Applicator to meter dry fertilizer sources. 
Mosaic’s MicroEssentials SZ (MESZ; 12-40-0-10S-1Zn) product was applied at a rate of 187.5 lb 
product acre-1. This product rate supplied 22.5 lb N, 75 lb P2O5, 18.8 lb S, and 1.9 lb Zn per acre. 
The fertilizer application was targeted to supply the P nutrition needed to replace the approximate 
amount removed with soybean grain at the 80 bushel acre-1 yield level. 
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2. Variety: Adapted soybean varieties for each location were used per the recommendations of the 
seed company partners. At each site, a full-season variety was placed in the high tech system, 
while a variety of more typical maturity was used in the standard system (Table 2). The rationale 
for using a full-season variety in the high tech system is that a longer period of vegetative growth 
might allow for greater responsiveness to inputs like fertility and foliar crop protection.  
 

Table 2. Soybean varieties evaluated in standard (‘normal’ maturity) and high tech (‘full’ maturity) roles 
at each location. 

 BASF/Monsanto (Asgrow)  Syngenta (NK) 

Location 
‘Normal’ 
maturity 

‘Full’ 
maturity  

‘Normal’ 
maturity 

‘Full’ 
maturity 

Champaign AG3432 AG3832  S34-N3 S36-M8 
DeKalb AG2731 AG3432  S27-H6 S28-K1 
Harrisburg AG4932 AG5232  S39-U2 S41-J6 
Rushville AG3632 AG3832  S34-N3 S36-M8 

 
3. Protection from insect pests and foliar pathogens: The value of a foliar fungicide and an 

insecticide were evaluated separately and in combination. The BASF/Monsanto trials included 
the fungicide Priaxor (fluxapyroxad + pyraclostrobin) and the insecticide Fastac (alpha-
cypermethrin), each applied at a rate of 4.0 fluid oz of product per acre. The Syngenta trials 
evaluated Quilt Xcel and Endigo ZC as the fungicide and insecticide, respectively. Quilt Xcel 
(azoxystrobin + propiconazole) was applied a rate of 14.0 fluid oz product per acre. Endigo ZC 
(lambda-cyhalothrin + thiamethoxam) was applied at a rate of 4.0 fluid oz product per acre. 
Applications were made at the beginning of pod development (R3) using a CO2 back-pack 
sprayer. The center two rows of each plot were treated with a total spray volume of 15 gallons 
acre-1. 
 

4. Seed treatment: The seed treatment comparison varied according to the trial and its industry 
sponsor. The BASF/Monsanto trials focused on untreated seed compared to a full seed treatment 
package. The high tech system included the Acceleron with Poncho/VOTiVO seed treatment 
package, while the standard system included untreated seed. Seed was sourced from commercial 
seed lots. 

Standard and advanced seed treatment packages were compared in the Syngenta trials. The high 
tech system included the Avicta Complete Beans treatment package (Apron XL + Maxim 4FS + 
Cruiser 5FS + Avicta 500FS), while the traditional system included the Apron Maxx treatment 
package (Apron XL + Maxim 4FS). Seed of the same lot was treated and provided by Syngenta 
Seed Care. 
 

5. Row spacing: The entire omission plot trial was evaluated in both 20-inch and 30-inch rows 
using a plot planter designed with an adjustable toolbar (Fig. 3). 

 



8 
 

 
Figure 3. Contrast between 30-inch rows (left) and 20-inch rows (right) at Champaign, IL in 2012. The same omission 
plot treatment (treatment #1, high tech management) is shown in both photos. 

 
4.2 Assessment of the potential for meeting soybean fertility requirements with fertilizer placement in a 
corn-soybean rotation 

Two approaches were implemented in 2012 to identify improved fertility practices for high yield 
soybean production. The first approach focused on optimizing fertilizer applications (N, P, and K) 
specifically for soybean production. We used our research-scale fertilizer toolbar to band (4 to 6 inches 
directly beneath the row) factorial combinations of N (75 lb N acre-1), P (75 lb P2O5 acre-1), and K (165 lb 
K2O acre-1) (Table 3). The rates of P and K application were selected to match the approximate amounts 
taken up by an 80 bu acre-1 soybean crop. Positive yield responses from N application are more variable 
in soybean, but it is clear that biological fixation can supply only a portion of the total plant N 
requirement. As such, the application of 75 lb N acre-1 is intended to supply a portion of the amount of N 
taken up from the soil. N, P, and K were supplied as ESN (44-0-0), MESZ (12-40-0-10S-1Zn), and potash 
(0-0-60), respectively. This trial was evaluated at DeKalb and Champaign, IL (six replications per 
location). Trials were planted on 13 June (Champaign) and 12 June (DeKalb). The varieties used at 
Champaign and DeKalb were Pioneer 93Y82 and NK S34-N3, respectively. Other experimental 
parameters (plot dimensions, seeding rate, weed control) and measurements (grain yield, yield 
components, and grain quality) are identical to those previously described for the omission plot trials. 
Measurements of yield components and grain quality will be completed by March 2013. 

 
Table 3.  Fertilizer treatments for establishing the value of N, P, and K for high yield soybean 
production. N was supplied as Agrium’s ESN controlled-release urea product (44-0-0). P was 
supplied as Mosaic’s MicroEssentials SZ (12-40-0-10S-1Zn) and K was supplied as potash (0-0-60). 

TREATMENT N (lb acre-1) P2O5 (lb acre-1) K2O (lb acre-1) 
1 0 0 0 
2 75 0 0 
3 0 75 0 
4 0 0 165 
5 75 75 0 
6 75 0 165 
7 0 75 165 
8 75 75 165 
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The second approach took advantage of our high yield corn production research. The objective of this 

research was to evaluate the impact of residual P from fertilizer placement for corn production on soybean 
yield. In each year, we establish between 10 and 15 corn omission plot trials, which also include 
placement of P fertilizer as a management factor. Using RTK guidance at our Champaign location, we 
planted soybean plots directly over the fertility bands placed for a corn omission plot trial in 2011. A 
single variety (Pioneer 93Y82) was planted on 14 June 2012. These plots were planted into no-till corn 
residue to avoid disruption of the fertility band, and the soybean row was located approximately two 
inches to the side of the previous year’s corn row. Soybean yield was measured and compared to the 
previous year’s corn production practices, primarily the fertility regime. 
 
5. RESULTS AND DISCUSSION 
 
5.1 Omission Plot Management Trials 

These trials were planted relatively late for 2012 due to an unforeseen delay in delivery of a new 
tractor and plot planter. Despite the late planting (early to mid June) and record drought, the average 
yields of our trials were similar to or exceeded those predicted by historical trend lines for each of the 
counties in which our trials were located. Location means were 60.2, 71.7, 51.3, and 43.5 for Champaign, 
DeKalb, Harrisburg, and Rushville, respectively. Trend-line projected yields for 2012 were 53.3, 52.9, 
40.1, and 46.5 for Champaign, DeKalb, Saline, and Schuyler counties, respectively (predicted by 
regression of yield versus year, 1927 to 2011, USDA-NASS). Although early planting is an important 
consideration for increasing soybean yields, we speculate that late planting in 2012 allowed our research 
plots to take greater advantage of increased late summer rainfall. 

The soybean omission plot management trials were planted in 20-inch and 30-inch rows and 
significant row spacing effects were detected at each location. Narrow rows increased yields at 
Champaign, DeKalb, and Rushville, while 30-inch rows were superior to 20-inch rows at Harrisburg 
(Table 4). In general, there was no row spacing x treatment interaction. As such, the means presented in 
this report for the addition-omission treatments (fertility, variety, foliar crop protection, and seed 
treatment) are averaged across both levels of row spacing.   
 

Table 4. Response to narrow row spacing (20-inch rows) relative 
to 30-inch row spacing. Values are averaged across the standard 
and high tech management systems. Two trials were located at 
Champaign and Rushville, while one trial was located at DeKalb 
and Harrisburg. Responses significant at P ≤ 0.05. 

Location Response 
 Δ bu acre-1 
DeKalb +6.5 
Champaign +3.0 
Rushville +1.6 
Harrisburg –2.6 

Average +2.1 
 

The standard and high tech treatments represent two levels of management intensity. In practice, there 
is no one ‘standard’ management system, but instead this treatment is designed to mimic the common 
practice of using soybean as a ‘scavenger’ crop in which no extra fertility is applied. In other words, the 
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assumption is that soybean uses any residual fertility left from the previous year’s corn crop. The standard 
system also employs minimal crop protection; no protection from foliar pests and a more basic seed 
treatment (untreated in BASF/Monsanto trials or fungicide only in Syngenta trials). The high tech 
package includes all of the factors at their more advanced levels (increased fertility, full-season variety, 
and a full suite of crop protection products).  

Although eight trials were initiated, only six trials resulted in significant, positive responses to the full 
high tech management package (Table 5). Two trials, one each at DeKalb and Harrisburg, were 
unresponsive to extra management due to improper positioning of varieties in the standard and high tech 
systems. In these trials, the fuller season variety was of lower yield compared to the ‘normal’ maturity 
variety. This outcome highlights the importance of variety selection as part of an intensive management 
system, and also indicates that the omission plot design should be amended to evaluate varieties 
separately as opposed to the addition (+ full season variety) or omission (– full season variety) treatments 
that were used in 2012. 

Management responses in individual trials ranged from +7.5 to +12.0 bu acre-1 (Table 5). The average 
increase from the full high tech package relative to the standard system was +9.9 bu acre-1 (P ≤ 0.05). 
Although the average increase from the full package was approximately 10 bu acre-1, strictly evaluating 
this comparison does not indicate if each individual omission plot factor (fertility, variety, fungicide, 
insecticide, and seed treatment) contributed 2 bu acre-1, or if some factors were of greater value.     

 
Table 5. Standard and high tech yields measured in the six responsive trials. Values 
are averaged across 20-inch and 30-inch rows. All contrasts between standard and 
high tech management were significant at P ≤ 0.05. 

Trial Standard High Tech Response 
    
DeKalb 66.0 77.4 +11.4 
Champaign 1 52.5 64.2 +11.7 
Champaign 2 58.1 66.0 +7.9 
Rushville 1 39.2 47.2 +8.0 
Rushville 2 37.8 49.8 +12.0 
Harrisburg 47.5 55.0 +7.5 

Averages 50.1 60.0 +9.9 
 

Averaged across the six responsive trials, the addition of individual factors to the standard system 
resulted in significant (P ≤ 0.05) yield increases ranging from 2.1 to 4.9 bu acre-1 (Table 6). Extra fertility 
(N, P, S, and Zn) had the greatest individual effect (+4.9 bu acre-1). Interestingly, foliar fungicide and 
insecticide did not appear to have an additive effect as one might expect. Individually, yield increases 
were 2.1 and 3.7 bu acre-1 for fungicide and insecticide, respectively, while the combined effect was only 
3.8 bu acre-1. This approach of adding each factor individually is like that of a typical ‘side-by-side’ trial 
in which certain practices are compared to an untreated check. It is clear from this data that only 
implementing one management practice is insufficient to achieve the 9.9 bu acre-1 increase resulting from 
the full high tech package.  
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Table 6. Soybean yields measured across six trials in 2012. Means are 
averaged across 20-inch and 30-inch row spacing. Management responses with 
a positive sign indicate that addition of that factor to the standard management 
system (‘Normal’ maturity variety with untreated seed or fungicide only seed 
treatment) resulted in a significant yield increase (P ≤ 0.05).  

 Standard System 
Add One Enhanced Factor Yield Δ 
 bu acre-1 
Standard Management 50.1  

+Fertility (extra N, P, S, Zn) 55.0 +4.9 
+Variety (full maturity for region) 53.8 +3.7 
+Fungicide (at R3 growth stage) 52.2 +2.1 
+Insecticide (at R3 growth stage) 53.8 +3.7 
+Fungicide and insecticide 53.9 +3.8 
+Seed treatment (at planting) 52.9 +2.8 

 

As factors are added to the standard system, they are also omitted individually from the high tech 
system. Extra fertility had the largest individual value (3.7 bu acre-1) measured as a reduction in yield 
resulting from its omission from the high tech package (Table 7). Similar to the results observed for the 
standard system, the sum of the individual effects of a fungicide and insecticide were not equivalent to the 
omission of the full foliar crop protection treatment. If the sums of the effects of individual effects 
(fertility, variety, fungicide + insecticide, and seed treatment) are calculated for the standard and high tech 
systems, values of 15.2 and 12.3 bu acre-1 result. This may suggest that the contributions of these 
individual factors are not completely additive if we consider the 9.9 bu acre-1 difference between the 
standard and high tech treatments. An alternative explanation is that it is impossible to accurately measure 
the ‘true value’ of an individual effect when conducting any type of experiment. Regardless of the reason, 
it is clear from this data that significant yield gains can be achieved in soybean if multiple management 
inputs are combined in a systems approach.   

 
Table 7. Soybean yields measured across six trials in 2012. Means are averaged 
across 20-inch and 30-inch row spacing. Management responses with a negative 
sign indicate that omission of that factor from the high tech system (N, P, S, and 
Zn fertility, ‘full season’ variety, foliar fungicide plus insecticide, and an 
advanced seed treatment consisting of a insecticide, fungicide, and nematicide) 
resulted in a significant yield loss (P ≤ 0.05). 

 High Tech System 
Omit One Enhanced Factor Yield Δ 
 bu acre-1 
High Tech Management (All Factors) 60.0  

–Fertility (fertility from soil) 56.3 –3.7 
–Variety (normal maturity for region) 57.1 –2.9 
–Fungicide (no fungicide) 57.2 –2.8 
–Insecticide (no insecticide) 57.7 –2.3 
–Fungicide and Insecticide 56.7 –3.3 
–Seed treatment (none or basic) 57.6 –2.4 

 
Although the omission plot approach is not specifically designed to detect treatment by management 

system interactions, comparison of the results in Tables 6 and 7 suggest that individual factors are of 
relatively similar ranking and magnitude of value in both the standard and high tech systems. As such, we 
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have averaged the value of each factor across both levels of management intensity to assign an overall 
contribution to soybean yield (Table 8). This approach shows that fertility (4.3 bu acre-1) and foliar 
protection (3.6 bu acre-1) have the greatest overall individual effects, while variety, seed treatment, and 
narrow row spacing have slightly lesser value. These results are also in general agreement with the order 
of the ‘Six Secrets of Soybean Success’ that we postulated at the inception of this project. The ranking 
and value of these ‘Secrets’ will vary between years and geographies; however, these results illustrate the 
potential for higher soybean yields through improved fertility, a fuller season maturity variety for the 
location, and a season-long approach to crop protection.   

 
Table 8. Mean effects of the individual ‘Secrets of Soybean Success’. Weather is not 
included here because this study represents one year of data, and because of this weather 
is confounded with location. Responses are averaged across standard and high tech 
management systems from the six responsive trials in 2012. 

Soybean Yield Secret Δ Yield 
 bu acre-1 
Fertility  4.3 

(extra N, P, S, and Zn)  
Variety  3.2 

(fuller maturity for region)  
Foliar protection  3.6 

(fungicide and insecticide)  
Seed treatment  2.6 

(fungicide, insecticide, and nematicide)  
Row width 2.1 

(20-inch vs 30-inch)  

 
 
5.2 Assessment of the potential for meeting soybean fertility requirements with fertilizer placement in a 

corn-soybean rotation 
The first approach to understanding soybean fertility requirements focused on a factorial experiment 

which supplied combinations of 75 lb N, 75 lb P2O5, and 165 lb K2O (Table 3). This trial was evaluated at 
Champaign and DeKalb. There was no response to extra fertility at DeKalb, and the average yield of this 
location was 60.1 bu acre-1. In contrast, the trial average at Champaign was 45.2 bu acre-1. Although 
Champaign had a lower overall yield, significant yield responses to supplemental N and P occurred 
(Table 9). Addition of P (75 lb P2O5 acre-1 as MicroEssentials SZ) resulted in a 6.4 bu acre-1 increase (P ≤ 
0.05). The main effect of N was not significant although it trended 2.8 bushels higher than the untreated 
control. Similarly, the N + P treatment trended 2.1 bushels higher than the P only treatment. As such, it is 
reasonable to speculate that supplemental N contributed approximately 2.5 bushels of extra yield. There 
was no response to K at Champaign, contrary to the widely held belief that K is the most limiting nutrient 
for soybean yield.  
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Table 9. Yields of selected treatments from a factorial (N, P, and K) fertility 
experiment evaluated at two Illinois locations in 2012. Asterisks indicate that 
a treatment mean was significantly different from the UTC within the same 
column at P ≤ 0.05. 

 Grain Yield 
Fertility treatment Champaign DeKalb 
   
Untreated control 41.5 60.3 
N only 44.3 59.7 
P only 47.9* 59.8 
K only 42.1 59.2 
N + P 50.0* 61.3 

Averages 45.2 60.1 
 

The second fertility trial was located only at Champaign and was designed to understand the influence 
of the previous year’s corn management practices on soybean yield. Briefly, soybean rows were planted 
within two inches of the previous year’s corn rows and fertility bands. Fertility was placed 4-6” beneath 
the row in May 2011, prior to the corn trial, at a rate of 100 lb P2O5 as MicroEssentials SZ. The response 
from placed fertility in the 2011 corn management trial was approximately 9.5 bu acre-1. We collected soil 
samples from these plots in advance of the 2012 soybean trial. P soil test values (Mehlich-3) at the 0-6” 
depth within the row were 42 and 100 ppm for untreated and fertilized plots, respectively. P soil test 
values between rows were approximately 42 ppm for all fertility treatments.  

The average yield of this trial was 46.1 bu acre-1 despite being planted on 14 June 2012 and having 
received no other management inputs (e.g. fungicide, insecticide). There was no clear correlation between 
the previous year’s corn yields and the soybean yields measured in 2012. The average effect from residual 
fertilizer placement was 0.8 bu acre-1 (P = 0.03). If compared to the omission plot trials (Table 8) and the 
factorial fertility experiment located at Champaign (Table 9), this response to fertility is markedly lower 
than those measured for fertilizer placed in spring 2012 for soybean production. Collectively, these results 
may suggest that corn and soybeans need to be fertilized individually for maximum yield of both crops, 
and that the notion that soybeans are a scavenger crop is no longer valid considering the yield potential of 
modern corn and soybean genetics.    
 
6. CONCLUSIONS AND FUTURE WORK 

Weather conditions and soil type greatly influence the yield potential of soybean as indicated by the 28 
bu acre-1 range in omission plot trial location means measured in 2012. Although the maximum yield 
potential at a location is ultimately limited by water availability, temperature, and length of season, our 
results show that yield gains are still achievable through management. The results highlight the 
importance of choosing a high yielding, locally-adapted variety and managing it with improved fertility 
and a full suite of crop protection products. 

Our initial omission plot and fertility studies in 2012 also indicate that P fertility, and possibly N, S, 
and Zn fertility, is of greater value to soybean yield than many might expect. Although a small response 
to supplemental N (approximately 2.5 bu acre-1, not significant) resulted in the Champaign fertility 
factorial trial, we hypothesize that supplementing N fertilizer while minimizing negative effects on 
nodulation and biological fixation will be of greater importance in higher yield environments (> 80 bu 
acre-1). 
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Planned work for 2013 includes a continuation of the omission plot approach at the four previously 
established locations. Treatments will be similar to those used in 2012, although we plan to evaluate all 
addition-omission treatments for both varieties in a trial. This will expand the size of an individual trial, 
but we anticipate that this is a better comparison of varieties, and will allow us to fully utilize the data in 
situations where the varieties do not match previous expectations for yield and management potential. 
Several fertility trials are also planned for 2013 to expand our approach of supplying balanced nutrition to 
meet the nutrient uptake requirements of a high yielding soybean crop. In addition to documenting uptake 
and partitioning patterns, other anticipated trials include an evaluation of micronutrients as part of an 
overall fertility program, and use of sub-surface drip irrigation and fertigation to achieve higher yields and 
greater nutrient use efficiency.    
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