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THANK YOU to the farmer cooperators for contributing 
their land, equipment and time during the busy 

planting and harvest seasons to help improve Michigan 
soybean production.

 
For more information on participating in a 2020 
on-farm research project, contact Mike Staton at 

(269)673-0370 extension 2562 
or staton@msu.edu.

2019 marks the ninth season of 
the on-farm research program, made 
possible by the checkoff investment of 
Michigan soybean producers. This year, 
36 producers around the state conducted 
on-farm research trials within ten projects. 
Contained in this publication you’ll find the 
results from 47 individual trial locations. 
The research projects were developed 
with producer input and represent some 
of the most challenging production issues 
confronting producers. Most of the projects 
were conducted at multiple locations and, in 
some cases, across several years, improving 
the reliability of the results presented.

Agronomic and economic data is 
presented for each treatment.  Partial 
budgets and breakeven yields utilized the 
projected USDA 2019-20 average soybean 
price of $9.00 per bushel, the manufacturers’ 
suggested retail prices for all product(s) 
and application costs associated with the 
treatments. 

Conducting these trials would not be 
possible without strong partnerships. One 
example is the unique collaboration between 
Michigan State University Extension (MSUE) 
and the Michigan Soybean Promotion 
Committee (MSPC) to jointly fund Mike 
Staton, MSUE statewide soybean educator 
and on-farm project coordinator. This 
program would also not be possible without 
the efforts of Ned Birkey and Dan Rajzer 
with whom MSPC contracts to implement 
on-farm trials and who are essential to 
this project’s success. MSPC soybean 
production specialist Ty Bodeis took final 
plant stand counts, rated the white mold 
trials for white mold incidence, collected soil 
samples for nutrient analysis and compiled 
other valuable information. We also want to 
thank MSU Extension educators Roger Betz, 
Paul Gross and Bob Battel for their efforts in 
making this research possible.

 Only the statistically significant yield 
increases are mentioned in the text in 
this report. All other yield differences (no 
matter how large) are not due to the applied 
treatment and should be ignored. 

Michigan 
Soybean On-

Farm Research

CONTENTS
2019 On-farm Research Report Introduction...............
Map of Trial Locations...................................................
2019 Planting Rate Trial...............................................
Reducing Soybean Planting Rates (5-year summary).
2019 Planting Date Trial...............................................
2017-2019 Complete Seed Treatment Trial...........
2018-2019 Pre-plant, Broadcast Ammonium 
Sulfate Trial...........................................................  
2019 Row Spacing Comparison Trial.....................
2019 Tillage Trial........................................................... 
2018-2019 MAX-IN Sulfur Trial....................................
2017-2019 Foliar Fungicide and Insecticide Tank 		
Mixture Trial.................................................................. 
2019 White Mold Foliar Fungicide Comparison 	
Trial................................................................................ 
2018-2019 White Mold Foliar Fungicide Application 	
Timing Trial....................................................................
Herbicide-resistant Horseweed (Marestail).................
MSPC Funded Research.................................................
Introduction to Experimental Design, Statistical 
Analysis and Interpretation..........................................
2020 On-farm Research Cooperator Form................... 

2
3
4
6
8
10

12 
14
16
18

20 

22

24
26
29

30
31



3

2019 On-farm Trial 
Locations

Dickinson



4

2019 Planting Rate Trial
Purpose: Soybean planting rates was the highest ranked topic identified by soybean producers for evaluation in 
the on-farm trials. The producers were interested in evaluating the effect of reduced planting rates on soybean 
yields and income. There are two main factors driving the increased interest in reducing soybean planting rates 
– seed cost and white mold. The purpose of this trial was to continue to evaluate how reducing planting rates 
will affect soybean yield and income.

Procedure: There were nine planting rate trials conducted in 2019. Four target planting rates (80,000, 100,000, 
130,000 and 160,000 seeds per acre) were compared. Stand counts were taken to determine actual final plant 
stands at each location. Projected market prices and conservative seed costs were used to determine the income 
(gross income minus seed cost) produced by the four planting rates.

Results: In 2019, the 160,000 planting rate out-yielded the 130,000 rate at two of the nine sites, the 100,000 
rate at two locations and the 80,000 rate at four of the locations (Table 3). When all the locations were combined 
and analyzed, the 160,000 rate yielded more than the 130,000 and 100,000 rates by less than two bushels per 
acre and beat the 80,000 rate by only four bushels per acre. In 2019, the 100,000 planting rate produced the 
most income, followed by the 130,000 rate, and the 80,000 and 160,000 rates were tied as the least profitable 
(Table 3). 2019 is the fifth year of the planting rate trial in Michigan. This fifth year data builds on the confidence 
of the previous four years (Figure 1).

The 2015 to 2017 planting rate trials were summarized in detail in the 2017 SMaRT On-Farm Research Report, 
which is available online at michigansoybean.org. An article summarizing all five years (2015-2019) of the 
on-farm planting rate trials is included in this report on pages 6 and 7. 
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Reducing Soybean Planting Rates (5-year summary)
Michigan soybean producers have consistently identified planting rates as the highest priority topic to 

evaluate in on-farm replicated trials. Furthermore, producers prioritized evaluating the effect of low planting 
rates on soybean yield and income. The two factors driving the increased interest in reducing soybean planting 
rates are seed cost and white mold. To help Michigan soybean producers make planting rate decisions, the 
on-farm research program conducted a total of 49 on-farm replicated trials from 2015 to 2019. Please see Figure 
1 for the trial locations.

Eleven planting rate trials were conducted each year 
from 2015 to 2017, seven trials were conducted in 2018 and 
nine in 2019. Four target planting rates (80,000, 100,000, 
130,000 and 160,000 seeds per acre) were compared at all 
but one location where the lowest rate was not included. 
Stand counts were taken to determine actual final plant 
stands at each location in all years. To calculate the income 
(gross income minus seed cost) generated by each planting 
rate, we used the USDA projected prices and average seed 
costs for treated seed for each year. None of the varieties 
planted in the trials were straight line or thin line plant 
types and a complete seed treatment was used at 41 of the 
locations. 

Because we conducted the trials over five years, we 
learned how the planting rates performed over a range of 
growing conditions. Planting conditions were nearly ideal 
in 2015 but were much more challenging in 2016 to 2019, 
as evidenced by the average stand loss shown in Table 1. 
Statewide record yields were achieved in 2015 and again in 
2016. However, yields declined significantly in 2017 due to excessive early rains and a lack of rain in August and 
September. Yields rebounded in 2018 but fell again in 2019 due to planting delays and dry weather in August.

Table 1. Average stand loss in the planting rate trials

Table 2 shows the average yield and income for all 49 locations. When all 49 sites were combined, the yields 
from the highest two planting rates were identical and beat the 100,000 seeds per acre planting rate by less 
than one bushel per acre and the 80,000 rate by only 2.2 bushels per acre. The 100,000 seeds per acre planting 
rate generated the most income while the 160,000 rate produced the least income.

The effects of soybean planting rates on yield and income by year are shown in Figure 2. The bars represent 
yield and the lines represent income. The figure clearly shows the year-to-year variability in yield and income. 
It also shows that the lowest two planting rates were the most profitable in 2015 and 2018 and the highest 
planting rate was the least profitable each year.

Figure 1. On-farm planting rate trial locations

*Using 2019 figures for seed cost ($60/140,000 seed unit and market price ($9.00) per bushel)

Table 2. Planting rate effects on average yield and income from 2015 to 2019 (all 49 locations)
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Two of the trials were infested with white mold, which shows that reducing soybean planting rates can also be 
an effective management practice for reducing yield and income losses from white mold (Table 3). At both sites, 
the lowest planting rate produced $80.00 per acre more income than the highest planting rate. Figure 3 shows how 
planting rates affected white mold in the 2018 Saginaw location. This site was planted in 30-inch rows. 

Figure 3. Drone image showing planting rate effects on white mold incidence at the 2018 Saginaw trial

Nearly half of the planting rate trials were conducted in 
Tuscola and Sanilac Counties, so the Thumb area has been well 
represented. However, we are looking for sites in mid-Michigan, 
southwest Michigan and southeast Michigan for 2020 as we 
want producers in these areas to have local research results. 
We also want to collect enough data to be able to make specific 
planting rate recommendations based on management practices 
such as tillage intensity, seed treatments, planting date, row 
spacing, etc. This trial is very easy to conduct when the planter 
is equipped with electric or hydraulic variable rate drives. Please 
contact me (Mike Staton) by phone at 269.673.0370 ext. 
2562 or by email at staton@msu.edu if you are interested in 
conducting a soybean planting rate trial on your farm in 2020.    

Table 3. Soybean planting rate effects on yield and income at two locations infested with white mold

*Using 2019 figures for seed cost ($60/140,000 seed unit and market price ($9.00) per bushel)

Figure 2. Planting rate effects on soybean yield and income from 2015 to 2019
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2019 Planting Date Trial
Purpose: Early planting is an important management practice for producing high-yielding soybeans. However, 
many Michigan soybean producers believe that planting early is risky and have not fully adopted the practice. 
The question is, do the benefits of early planting outweigh the risks? The purpose of this trial was to evaluate 
the yield and income benefits of early-planted soybeans in 2019.
	
Procedure: This trial compared soybeans planted at an early date for the area vs. soybeans planted at a 
normal planting date for the area at three locations in 2019. The early planting dates at the Branch County sites 
are considered very early whereas the early planting date in Bay County is consistent with the current MSU 
recommendations for planting soybeans during the last week of April if soil conditions are conducive (Table 1). 
All other factors were kept the same to isolate the effect of planting date in these trials.

Results: Early planting increased soybean yield by 6.5 bushels per acre at an irrigated location (Branch 1). 
However, planting date did not affect soybean yield at the other two sites. The results from all three trials 
support the recommendation for planting soybeans early. The Branch 1 location showed there is potential for 
early planting to increase soybean yields and the other two sites demonstrated that early planting did not reduce 
yields.  Because soybean yield was not adversely affected by planting date, producers may be able to plant 
earlier than they previously thought was possible. This information will help producers manage weather risk in 
the spring by extending their soybean planting window.   

The 2019 results support 
the recommendation for 
planting soybeans early.
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Early planted soybeans (on left) emerging before the 
ones planted 3 weeks later

April 25th May 15th
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2017 to 2019 Complete Seed Treatment Trial
Purpose: Seed treatments have repeatedly been identified as a high priority for evaluation in on-farm research 
trials. The purpose of this trial was to provide an opportunity for cooperators to evaluate the performance of 
the complete seed treatment (multiple fungicides plus an insecticide) of their choosing on their farms in 2017 
to 2019.

Procedure: This trial compared two treatments (a complete seed treatment including multiple fungicides plus 
an insecticide vs. untreated seed). Eight trials were conducted in 2017, 13 in 2018 and eight in 2019. The 
cooperators worked closely with their seed dealers to ensure that all seed planted in each trial was the same 
variety and came from the same seed lot. We also took final stand counts to determine the effect that seed 
treatments had on soybean stands.

Results: Complete seed treatments increased soybean yield at two locations in 2017, five in 2018 and two 
in 2019. The Saginaw 19 site showed a yield increase of 10.1 bushels per acre (Table 2) which is an outlier 
compared to the other 28 sites. The very high clay content (CEC of 18 meq/100g) combined with heavy rainfall 
events following planting may have contributed to the large yield increase. The site was also injured by a 
pre-emergence herbicide application. At the Cass 19-2 site, the seed treatment reduced yield by 2.8 bushels 
per acre. 

When all 29 sites were combined and analyzed, the complete seed treatments increased soybean yields by 
1.4 bushels per acre. This is slightly less than the 1.5 bushels per acre required to recoup the cost of a basic 
fungicide plus insecticide seed treatment costing $14.00 per acre. 

The seed treatments led to significantly higher final plant stands at seven of the 29 locations (two in 2017, three 
in 2018 and two in 2019). However, treated seed stand at the Cass 19-2 location was significantly lower because 
the treated seed did not plant at the same rate as the untreated seed. When all the sites were combined and 
analyzed, the complete seed treatments increased plant stands by 4,500 plants per acre.

We appreciate the help provided by local seed dealers.
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2018 and 2019 Pre-plant, Broadcast Ammonium Sulfate Trial
Purpose: There is growing interest in applying sulfur fertilizers to soybeans. Much of this is due to recent 
research conducted by Dr. Shaun Casteel at Purdue University. Dr. Casteel has shown some profitable yield 
increases when ammonium sulfate is broadcast prior to planting soybeans.  The purpose of this trial was to 
evaluate how a pre-plant, broadcast application of ammonium sulfate will affect soybean yield and income in 
Michigan in 2018 and 2019. 
	  
Procedure: A pre-plant, broadcast application of ammonium sulfate (21-0-0-24) was compared to an unfertilized 
control at four locations in 2018 and four more locations in 2019. The ammonium sulfate was applied at 100 
pounds per acre. Soil tests were collected from each site to determine the baseline sulfur levels in the soil.

Results: The ammonium sulfate did not increase soybean yields at any of the 2018 trials or when all the 2018 
locations were combined and analyzed. However, in 2019 the ammonium sulfate application increased yield by 
3.8 bushels per acre and income by $14.40 per acre at one site (Calhoun 19).  Due to the lack of a consistent 
positive yield response and the associated fertilizer and application costs with this treatment, the ammonium 
sulfate treatment reduced income by $13.50 per acre when all eight locations were combined and analyzed.

Ammonium sulfate 
significantly increased yield 
at only one of eight sites.

As-applied map from one of the AMS trial sites. At this site, the AMS was applied in 80 foot 
wide strips and a calibrated yield map was provided, eliminating the need for weigh wagons 

or individual yield monitor loads.
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2019 Row Spacing Comparison Trial
Purpose:   The most common row spacing for soybean 
production in Michigan is 15 inches and many of these 
acres are planted with planters equipped with interplant 
units. These planters are significantly more expensive 
than planters of comparable width set up for 30-inch 
rows and producers want to know if the extra expense 
is justified. The purpose of this trial was to evaluate how 
two common row spacings affected soybean yield and 
income in Michigan in 2019.

Procedure: Two row spacings (15 inches and 30 inches) 
were compared at two locations in 2019. Both trials 
were planted with planters equipped with interplant 
units and planting rates were kept the same regardless 
of row spacing. The planting rate was 130,000 seeds 
per acre at the Tuscola site and 140,000 seeds per acre 
at the Shiawassee site. Stand counts were taken to 
determine the effect row spacing would have on final 
plant stands.	

Results: The 15-inch rows yielded 2.7 bushels per 
acre higher than the 30-inch rows at the Tuscola site. 
The same trend occurred at the Shiawassee site, but 
the yield increase was not statistically significant. 
When both locations were combined, the 15-inch rows 
produced 2.6 bushels per acre more than the 30-inch 
rows in 2019. Row spacing did not affect final plant 
stands at the Tuscola location. However, final plant 
stands were almost 10,000 plants per acre higher in the 
15-inch rows at the Shiawassee site. The 30-inch rows 
may perform better in fields with a history of white mold 
or in fields prone to crusting. 

Roger Betz, MSU farm management educator, generated 
a partial budget comparing the economics of purchasing 
a 12/24 interplant planter vs. a 12-row 30-inch planter. 
This analysis showed that the 15-inch rows increased 
income by $3,011 per year over the life of the planter. 
The assumptions used in the analysis are listed below:
•	 15% rate of return on investment
•	 2.6 bushels per acre yield increase 
•	 Soybean market price of $9.00 per bushel
•	 500 acres of soybeans per year
•	 Planter life of 10 years
•	 $50,000 additional cost for the interplant planter
•	 $7,500 salvage value

Harvesting the Tuscola row spacing trial

Row spacing trial in Shiawassee County

Row closure at the Tuscola site
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2019 Tillage Trial
Purpose: During our winter meetings, soybean growers have identified tillage and residue management as a 
high priority project to be evaluated by the on-farm program. The purpose of this trial was to evaluate how a 
single pass of any tillage implement selected by the trial cooperators will affect soybean yield and income in 
2019.   
	  
Procedure: A single tillage pass was compared to an untilled control at two locations in 2019. A Degelman 
Pro-Till® was used at the Shiawassee location and a John Deere 230 disc was used at the Isabella site. Both 
implements were run in the spring. We took stand counts to determine the effect that the tillage operations 
would have on final plant stands.  

Results: The one-pass tillage operations did not increase soybean yields or final plant stands compared to the 
untilled control at either location. Because yields were not improved by tillage, the tillage operations were less 
profitable than the untilled control in 2019. When both sites were combined, the net loss due to tillage was 
$8.00 per acre. This is consistent with tillage research results from the northern U.S., Canada and Michigan.  
The soybean yield increase produced by tillage operations is typically not enough to outweigh the lower costs 
and the conservation benefits of no-till.

Despite the lack of consistent economic returns to tillage, many producers feel that tilling the soil prior to planting 
soybeans offers other benefits including: improved marestail control, improved planter/drill performance and 
the ability to dry out the soil surface and allow earlier planting under wet soil conditions. There are conflicting 
reports about how spring tillage affected planting progress this spring. Some producers felt that operating a 
high-speed disc like the Pro-Till at very shallow depths allowed them to plant sooner, while others felt that a 
stale seedbed or untilled soil facilitated earlier planting.  

Pro-Till at work before soybean planting
Photo credit: Degelman Industries Ltd.

Soybean yield was not 
increased by tillage in 

2019.
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2018 and 2019 MAX-IN® Sulfur Trial
Purpose: There is growing interest in applying nutrients directly to soybeans through foliar applications.  Many 
questions are included in this interest such as which nutrient is needed, what is the best formulation or product, 
when should it be applied and at which rate.  The purpose of this trial was to evaluate how a foliar application 
of MAX-IN Sulfur, a liquid fertilizer containing potassium and sulfur sold by WinField® United, affected soybean 
yield and income in 2018 and 2019.

Procedure: A foliar application of MAX-IN Sulfur (0-0-19-13) plus MasterLock® adjuvant was compared to an 
unfertilized control at nine locations in 2018. The MAX-IN Sulfur was applied at 1 quart per acre and the MasterLock 
was applied at 6.4 ounces per acre at the R1 growth stage in 2018.				  

There were seven locations in 2019. For the 2019 trials, the MAX-IN Sulfur rate was increased to 2 quarts per 
acre and the application timing was changed to R3.  

Results: In 2018, the foliar application of MAX-IN Sulfur plus MasterLock did not increase soybean yields in 
any of the individual trial locations or when all the locations were combined and analyzed. However, in 2019, 
the MAX-IN Sulfur application increased yield by 2.4 bushels per acre at one location and reduced yield by 2.9 
bushels per acre at another. The lack of a consistently positive yield response is probably due to the fact that 
the soil was able to supply enough potassium and sulfur to meet crop demand.				 

These results show that prophylactic foliar applications of sulfur are not consistently profitable even when 
sulfur soil test levels are low or very low. Foliar nutrition applications may have more value when tissue tests 
indicate deficiencies, especially with micronutrients rather than macronutrients like sulfur. We hope to be able 
to evaluate the yield and income benefits of applying prescription foliar fertilizer mixtures based on in-season 
plant tissue testing in future on-farm trials.

We want to thank WinField United for donating the products for these trials.
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2017 to 2019 Foliar Fungicide and Insecticide Tank 
Mixture Trial
Purpose: Soybean producers are trying to improve soybean yields and many are willing to manage the crop 
more intensively to achieve this goal. There is interest in applying foliar tank mixtures which include a fungicide 
and an insecticide. The purpose of this trial was to provide an opportunity for interested producers to evaluate 
the yield and income performance of the fungicide and insecticide tank mixture of their choosing on their farm 
in 2017, 2018 and 2019.

Procedure: Cooperating producers were given the opportunity to select the foliar fungicides and insecticides 
they wanted to evaluate on their farms. The products, application rates and rainfall information for each location 
are listed in Table 1. The foliar applications were made at R3 and the sprayers were driven through the untreated 
control treatments to prevent tire tracks from being a factor. 

Results: The foliar fungicide-insecticide application increased soybean yields at five of the 15 locations (Table 
2). However, it was profitable at only two locations. When all 15 locations were combined and analyzed, the 
foliar fungicide and insecticide tank mixture produced an average yield increase of 1.6 bushels per acre which 
is just over half the yield increase required to break even. The plant and yield responses to foliar pesticides are 
sometimes difficult to determine but weather is one likely factor.  Rainfall and hours of rainfall during the critical 
growth stages that normally occur in July and August are included for each trial site (Table 1).  

It is interesting to note that the cooperator in Sanilac County has produced the three highest yield increases 
from applying the tank mixture. We have discussed this extensively and he feels that he is applying the products 
at the optimum growth stage and providing excellent coverage by using a spray volume of 20 gallons per acre. 
We have not identified anything else that could be responsible for the yield increases.
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Foliar fungicide and insecticide application in R3 soybeans
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2019 White Mold Foliar Fungicide 
Comparison Trial
Purpose: Sclerotinia Stem Rot or white mold can cause 
significant yield reductions in soybeans grown in Michigan 
and fungicides can be an important management tool 
for managing the disease. This trial evaluated the effect 
of two foliar fungicide programs on soybean yields and 
income in 2019.  

Procedure: This trial consisted of three treatments: 1) 
sequential applications of Cobra® followed by Aproach®; 
2) a single application of Propulse®; and 3) an untreated 
control. The trial was conducted at three locations in 
2019. All products were applied at labeled rates (6 
ounces per acre for Cobra, 9 ounces per acre for Aproach 
and 8 ounces per acre for Propulse). The Cobra was 
applied at the appearance of the first blossoms and the 
Aproach and Propulse were applied 10 to 14 days later. 
Sprayer tracks were eliminated from being a factor by 
driving the sprayer through the untreated strips or using 
a spray boom wide enough that none of the harvested 
strips contained tire tracks. White mold incidence was 
determined at all locations by counting 100 consecutive 
plants and recording the number of diseased plants. 

Results: All three sites had a history of white mold. 
However, environmental conditions favoring disease 
development did not occur at any of the locations, 
resulting in very low incidence of white mold. These 
sites demonstrate how the foliar fungicide programs 
affected soybean yield and income in the absence of 
white mold pressure. Propulse increased soybean 
yields over the untreated control at two of the three 
locations (Sanilac and Allegan) and when all three sites 
were combined (Table 2). However, the Cobra followed 
by Aproach program did not perform better than the 
untreated control at any of the sites.  This is consistent 
with previous research conducted in Michigan which 
concluded that Cobra improved yield when white mold 
occurred, but reduced yield when the disease did not 
develop. The Propulse treatment was profitable at the 
Sanilac and Allegan locations and when all three sites 
were combined and analyzed.

We want to thank Valent®, Bayer Crop Science and 
Corteva Agriscience™ for donating products. 

Mature bird’s nest apothecia. 
Photo from Dr. Martin Chilvers

White mold apothecia

Cobra followed by Aproach staying green
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2018 and 2019 White Mold Foliar Fungicide 
Application Timing Trial
Purpose:  Foliar fungicides can be an important tactic for reducing yield loss from white mold, especially when 
combined with other effective management practices such as resistant/tolerant varieties, wide rows, reduced 
planting rates, tillage decisions and irrigation water management. Properly timing fungicide applications is 
essential for success but challenging for producers. The purpose of this trial was to determine the effect that 
fungicide application timing had on soybean yield and income in 2018 and 2019. Another goal was to use the 
yield data from this trial to validate Sporecaster, a new white mold apothecia prediction application for smart 
phones.  

Procedure: The trial compared three fungicide application timings to an untreated control at three locations 
previously infested with white mold. The application timings were: R1 (one open flower on 50% of the plants); 
R3 (one pod >3/16” long on any of the upper four nodes on the main stem); and R1 followed by R3. Aproach® 
fungicide was applied at a rate of 9 ounces per acre for all application timings. We entered the dates for the R1 
and R3 applications into the Sporecaster app to determine the apothecia risk level for the dates and locations.  
White mold incidence was also determined at all locations. 

Results: White mold did not occur at the Sanilac 18 and St. Joseph 19 sites but was present at Berrien 18. The 
sequential application of Aproach produced a higher yield than the R3 timing, the R1 timing and the untreated 
control at the Berrien 18 site. The R3 timing also produced a higher yield than the R1 timing and the control at 
this site. Despite the absence of white mold at the Sanilac 18 site, the sequential application produced a higher 
yield than the R1 timing and the control. When the product and application costs were subtracted from the gross 
income for each treatment, the income ranking for the treatments was: control > R3 > R1+R3 > R1.	

We want to thank Corteva Agriscience™ for providing the Aproach fungicide and Dr. Martin Chilvers 
for his input.

The Sporecaster app recommended spraying at R1 at the Sanilac 18 and the St. Joseph 19 sites but not at 
the Berrien 18 site. However, the hot dry weather occurring in July prevented white mold from developing at 

these locations. At R3, Sporecaster recommended spraying only at the Berrien 18 site which is consistent with 
the yield data and white mold at this site. 
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Herbicide-resistant Horseweed (Marestail) in Michigan
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Introduction to Experimental Design, Statistical 
Analysis and Interpretation

The on-farm research program designs and analyzes field research trials enabling Michigan soybean producers 
to reliably evaluate the performance and profitability of new products, equipment and practices on their farms.  
Developing and implementing trials requires sound experimental design which is the first step to generating 
meaningful and reliable results from on-farm research trials. One of the most common and effective designs is 
called the randomized complete block design (RCBD). The RCBD is also one of the easiest for cooperators to 
implement. The RCBD reduces experimental error by grouping or blocking all of the treatments to be compared 
within replications. Increasing the number of replications generally increases the sensitivity of the statistical 
analysis by reducing the experimental error. The on-farm research program encourages cooperators to use at 
least four replications. Six replications is preferred for trials comparing only two treatments. 

Another important aspect of a good experimental design is the concept of randomization. Randomly assigning 
the order of the treatments within each block removes bias from treatment averages or means and reduces 
experimental error. Figure 1 shows the actual RCBD design that was used in the 2019 planting rate trials and 
demonstrates the principles outlined above. Note how each planting rate is included and randomized within the 
replications. All of the 2019 trials comparing three or more treatments utilized the RCBD with four replications 
of each treatment, unless stated otherwise. The treatments in all the trials comparing two treatments were 
alternated (not randomized within each block) and replicated at least four times.  

Figure 1. The randomized complete block design used in the 2019 on-farm planting rate trials.

After the trials were harvested, the GLIMMIX procedure within SAS was used to determine if the differences 
in measurable variables such as yield were due to the treatments or other outside factors. We set our confidence 
level at 90 percent for all statistical analysis as designated by LSD0.10 (Least Significant Difference). Whenever 
the difference between two or more yields or other measurable variables is greater than the LSD0.10, we can say 
that the difference is due to the treatment.  This is always true in trials comparing only two treatments. However, 
the LSD0.10 can falsely indicate statistical significance whenever more than two treatments are compared. The 
risk of this occurring increases with the number of treatments compared.  There are three examples of this 
situation in this publication (the St. Joseph and the Cass sites in Table 3 on page 5 and the St. Joseph 19 site in 
Table 2 on page 25). If the yield of two treatments differs by less than the LSD0.10 listed, we cannot say with a 
reliable degree of confidence that it is due to the treatment.

Letters are used in the tables and an asterisk (*) is used in the figures in this publication to identify yields 
or other measurements that are statistically different. When no letters are listed or the same letter appears next 
to the yield or other measurable condition, the difference between the treatments is not statistically significant. 
Only the statistically significant yield increases are mentioned in the text in this report. All other yield differences 
(no matter how large) are not due to the applied treatment and should be ignored. 

In many cases, a given trial like the planting rate trial will be conducted at multiple locations and over 
multiple years. This greatly improves the reliability of the information produced.
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The on-farm program provides Michigan soybean producers with a statistically 
sound method for evaluating the yield and income benefits of new products, 
management practices and equipment. Producers across Michigan help 
identify new products, management practices or equipment of interest to 
them and conduct field scale research trials using a common protocol. 
The data is collected, subjected to statistical scrutiny, summarized across 
locations and years and shared with soybean producers. The cooperating 
producers are never identified to maintain confidentiality.

Please provide the following information if you are interested in conducting 
an on-farm research project in 2020.

Name:___________________________________________________________

Address:_________________________________________________________

	    __________________________________________________________

Phone:___________________________Cell phone:_______________________

Email:___________________________________________________________

Please use the space below to list the soybean topic(s) that you would like 
to see evaluated in on-farm trials and return this form by U.S. mail, email or 
fax before February 1, 2020. Please complete this section even if you do not 
plan to conduct a trial on your farm in 2020. We will use your input when we 
identify the 2020 on-farm research projects.

Mike Staton
3255 122nd Ave., Suite 103
Allegan, MI 49010
Phone: (269) 673-0370 ext. 2562
Fax: (269)-673-7005
Email: staton@msu.edu

2020 Michigan Soybean On-farm Research 
Cooperator Form




