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The Soybean and Small Grain Crop Production Lab is
pleased to present the third edition of the Ohio Soybean
and Wheat Research Report. This publication contains
the final reports of soybean and wheat research trials
published in 2018. Here, we present our research findings
of our most recently published research in a concise
manner. The goal of the Soybean and Small Grain Crop
Production Lab is to maximize yield and profits while
maintaining environmental sustainability.
This research was generously funded by the Ohio Soybean
Council and Ohio Small Grains Marketing Program. We
also wish to thank our cooperating-farmers and OARDC
staff for helping establish, maintain, and harvest our trials.
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Effect of Mid-Season Foliar Fungicide and Foliar Insecticide
Applied Alone and In-Combination on Soybean Yield
Due to the relatively low cost of foliar insecticide,
farmers frequently tank-mix insecticide with
fungicide. The objective of this study was to
evaluate the effect of mid-season foliar fungicide
and insecticide treatments on soybean grain
yield, applied alone or in combination. Foliar
treatments applied at the R3 growth stage
included: 1) non-treated control, 2) fungicide, 3)
insecticide, 4) fungicide + insecticide, 5)
fungicide + insecticide (applied separately), 6)
fungicide + crop oil, 7) insecticide + crop oil, and
8) fungicide + insecticide + crop oil.

•

Soybean treated with fungicide +
insecticide tank-mixed did not yield
differently than soybean treated with
fungicide only.

•

Fungicide increased yield at 4 of 12
site-years, where ≥ 6.5% leaf area
was affected by brown spot and
frogeye leaf spot.

•

There was no yield response
associated with insecticide due to
sub-threshold insect defoliation
levels at the time of application.
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Effect of Mid-Season Foliar Fungicide and Foliar Insecticide
Applied Alone and In-Combination on Soybean Yield
Methods. The study was conducted in 2015 and 2016 at six on-farm locations each year in Clinton,
Henry, Marion, Mercer, Preble, and Sandusky Counties in Ohio. Fungicide and insecticide treatments
applied at the R3 growth stage included: 1) non-treated control, 2) fungicide, 3) insecticide, 4)
fungicide + insecticide, 5) fungicide + insecticide (applied separately), 6) fungicide + crop oil, 7)
insecticide + crop oil, and 8) fungicide + insecticide + and crop oil. All combinations were tank-mixed
except treatment 5 where fungicide + insecticide were applied using separate tanks. The fungicide
was Priaxor® applied at 4 fl oz/acre, the insecticide was Warrior II with Zeon Technology® at 1.92 fl
oz/acre, and the crop oil was Superb®HC at 1 pt/acre.
Data for disease and insect defoliation ratings were collected at each location one week before
treatment and four weeks after treatment at the R6 soybean growth stage. Main diseases present
included brown spot and frogeye leaf spot.

Fungicide only treatment compared to fungicide applied with insecticide and/or crop oil. The
treatments of fungicide + insecticide, fungicide + insecticide applied separately, fungicide + crop oil,
and fungicide + insecticide + crop oil resulted in grain yield that was not statistically different than the
fungicide treatment (Table 1). These results indicated that there was no yield benefit associated with
combining fungicide with insecticide, crop oil, and insecticide + crop oil when insect pressure and leaf
area affected (LAA) by insect defoliation were sub-threshold. Use of foliar insecticide (especially
repeated use of a single chemical or mode of action) is discouraged when insect populations are
below the economic threshold level due to concerns of insecticide resistance from overuse (Elzen
and Hardee, 2003; Hodgson et al., 2012).

Table 1. Average soybean yield of fungicide treatment and change in yield when fungicide
was applied with insecticide and/or crop oil. (Note: All differences were non-significant.)
Treatment
Fungicide
Fungicide + insecticide
Fungicide + insecticide
(separate)
Fungicide + crop oil
Fungicide + insecticide + crop oil
Fungicide
Fungicide + insecticide
Fungicide + insecticide
(separate)
Fungicide + crop oil
Fungicide + insecticide + crop oil

Clinton

Henry

52.6
-3.7

56.2
+0.5

Mercer
2015
60.1
61.0
-0.3
+4.3

Preble

Sandusky

62.0
+3.0

61.9
+0.7

-0.8

+3.2

+1.2

-2.4

+0.8

+8.5

+0.1
-0.1

+1.4
+0.6

+0.7
+2.0

+2.9
+4.0

+5.2
+5.4

58.1
+1.1

+3.2
+2.5
2016
54.5
61.5
-0.3
-1.3

58.3
+0.1

59.4
+3.6

56.9
-1.0

+3.5

+2.8

-2.5

-2.2

+1.0

+0.1

+0.6
+3.8

+1.0
+1.3

+1.9
+0.6

+1.1
-2.8

+4.0
+0.2

-2.7
+0.5
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Effect of Mid-Season Foliar Fungicide and Foliar Insecticide
Applied Alone and In-Combination on Soybean Yield
Effect of fungicide on soybean yield and disease. During 2015, fungicide treatment increased
yield by 7.9, 6.3, and 4.4 bu/acre when compared to the non-treated control in Clinton, Marion, and
Preble Counties, respectively (Table 2). In 2016, the fungicide treatment increased yield by 7.1
bu/acre at the Mercer County location. Yield increases were associated with brown spot and frogeye
leaf spot disease which were more severe in 2015 compared to 2016 likely due to greater
precipitation creating a favorable environment for disease development.
Table 2. Soybean grain yield of non-treated control and change in yield of fungicide and
insecticide treatments. (Note: Significantly different results highlighted in yellow.)
Treatment
Clinton Henry Marion Mercer Preble Sandusky
2015
Non-treated control
44.8
56.3
54.1
59.1
59.0
60.2
Fungicide only
+7.9
+0.6
+6.3
+3.5
+4.4
+4.3
Insecticide only
+0.5
+0.3
+4.2
+0.4
+3.4
+2.3
2016
Non-treated control
59.5
56.7
53.3
55.0
55.1
53.3
Fungicide only
-0.9
+1.9
+2.2
+7.1
+6.3
+1.0
Insecticide only
-0.8
+0.4
-1.0
+3.1
+0.7
+0.8
Effect of insecticide on insects and yield. Insecticide
applications did not influence soybean grain yield compared to
the non-treated control. The lack of yield response was likely due
to sub-threshold defoliation and insect populations below the
economic threshold level at the time of treatment. The highest
percentage of leaf area affected by insect defoliation was 11%.
The maximum levels of defoliation that can be tolerated by
soybean without significant yield loss was 40% from seedling to
R1 (initial bloom), 15% from R1 to R5 (initial pod fill), and 25%
from R5 to maturation (Hunt and Jarvi, 2007). Soybean aphids
were below the economic threshold of 250 aphids/plant during the
R1-R5 soybean growth stages (Hodgson et al., 2012).
Pod damage at the Marion County location in 2015 was 13-18%
while at Henry, Marion, and Sandusky County in 2016 was 937%. Yield reductions likely occurred due to soybean pod
damage at locations with 10-15% pod injury (Hammond et al.,
2014). However, there was no yield benefit associated with the
R3 insecticide treatment because second generation bean leaf
beetle populations began in late August through early September
and the insecticide applied at the R3 growth stage (late July)
likely did not have sufficient residual activity to control pests
(Hammond, 1996; Hammond et al., 2014).
5

Bean leaf beetle and associated
pod damage.

Effect of Mid-Season Foliar Fungicide and Foliar Insecticide
Applied Alone and In-Combination on Soybean Yield
Recommendations. In this two-year study, no significant yield response occurred when insecticide
was applied due to insect populations below the economic threshold level and sub-threshold
defoliation at the time of insecticide treatment. However, at the end of the growing season, the
number of bean leaf beetles and pod injury was high at 4 out of 12 site-years. Treatment of
insecticide at the R3 soybean growth stage (late July) was too early to be effective against bean leaf
beetle which generally appear during late August through early September in Ohio (Hammond et al.,
2014). Despite the low cost of tank-mixing insecticide with fungicide, this practice is not
recommended unless insect pests and/or leaf defoliation is at the economic threshold due to
concerns of insecticide resistance (Hodgson et al., 2012).
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Soybean Canopy Cover Measured with Canopeo Compared
with Light Interception
Canopy cover is a useful way of monitoring crop
productivity. One common method for measuring
canopy cover is by measuring light interception
with a line quantum sensor (De Bruin and
Pedersen, 2009; Hankinson et al., 2015).
However, this system can be cost prohibitive and
time-consuming, and measurements should be
collected near solar noon (Adams and Arkin,
1977; De Bruin and Pedersen, 2009; Purcell,
2000).
Another method for measuring canopy cover is
fractional green canopy cover (FGCC) from
pictures or videos using Canopeo (Oklahoma
State University, Stillwater, OK). Canopeo is a
free application for iOS (Apple) and Android
(Google).
The objective of this research was to evaluate
soybean canopy cover measured with Canopeo,
a new mobile device application, compared with
7
the light interception method.

•

The mobile device application
Canopeo can be used to measure
soybean canopy cover.

•

Canopeo and light interception
measurements of canopy cover
were linearly related.

•

Canopeo was faster than measuring

light interception with the line
quantum sensor.

Soybean Canopy Cover Measured with Canopeo
Compared with Light Interception
Results. Percentage canopy cover
measurements based on pictures analyzed
with Canopeo were linearly related to
percentage canopy cover based on light
interception measured with a line quantum
sensor (R2 = 0.94; p < 0.01) (Fig. 1A).
Percentage canopy cover measurements
based on videos analyzed with Canopeo
were also linearly related to percentage
canopy cover based on light interception
(R2 = 0.92; p < 0.01) (Fig. 1B).
Measuring canopy cover with Canopeo
and by light interception have advantages
and disadvantages. Canopeo is faster at
calculating a canopy cover percentage and
can be easily done while in the field. It took
less than 1 min to take three pictures or
one video per plot. With the line quantum
sensor, data collection time per plot was
variable due to cloud cover. It is crucial to
collect light interception measurements in
full sun to minimize the effect of fluctuating
ambient sunlight levels. If a cloud passed
over the sun, a new ambient value had to
be collected to ensure accurate calculation
of canopy cover. Canopeo can be adjusted
to help fine-tune its sensitivity for defining
green pixels. This feature helped to
provide accurate measurements; however,
very dark green plants were difficult to
detect regardless of the adjustment. In
contrast, the light interception method can
be used regardless of plant color without
adjustments.

Figure 1. Relationship between percentage
canopy cover based on light interception using a
line quantum sensor and percentage canopy
cover based on (A) pictures in Canopeo and (B)
videos in Canopeo.
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Soybean Canopy Cover Measured with Canopeo
Compared with Light Interception
Recommendations. There was a linear relationship between canopy cover measured with pictures
and videos in Canopeo and with a line quantum sensor. The linear relationship remained constant
across the three trial locations, two planting dates, and 10 cultivars through the V2 through R5
soybean growth stages, indicating the robustness of FGCC to measure soybean canopy cover using
Canopeo. Pictures explained slightly more of the variation in canopy cover compared with videos.
Using Canopeo to take pictures or videos to determine canopy cover is a viable alternative to
measuring canopy cover using light interception methods in soybeans. Furthermore, because of the
speed at which Canopeo can measure canopy cover, we recommend using Canopeo instead of light
interception methods for measuring soybean canopy cover.
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measured with Canopeo compared with light interception. Agric. Environ. Lett. 3:180031. Available at:
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Estimating Wheat Yield with Stem Counts and Fractional
Green Canopy Cover
Between planting in the fall and Feekes 4 growth
stage in the spring, winter wheat is vulnerable to
environmental stress such as freezing
temperatures with limited snow cover, saturated
soils, and freeze-thaw cycles that cause soil
heaving. All of which may lead to substantial
stand reduction, and consequently, low grain
yield. However, a stand that looks thin in the
spring does not always correspond to lower grain
yield. Rather than relying on a visual stand
assessment, farmers are encouraged to estimate
the yield potential of their winter wheat crop by
counting plants or tillers, before deciding whether
a field should be destroyed and planted to corn
or soybean. However, many farmers do not count
wheat plants or tillers because the measurement
is tedious. An alternative method to evaluate
wheat stand is fractional green canopy cover
(FGCC), which can be used to measure the
canopy surface area using the mobile device
application Canopeo.

•

Fractional green canopy cover
estimated wheat grain yield better
than stem counts.

•

Fractional green canopy cover
measurements should be conducted
prior to Feekes 6 growth stage.

•

Camera height should be adjusted

to capture three rows of wheat in the
image when using fractional green
canopy cover to estimate wheat
grain yield.
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Estimating Wheat Yield with Stem Counts and Fractional
Green Canopy Cover
Wheat Stem Count Methods. Wheat stems (main
stem plus tillers) should be counted at Feekes 5
growth stage (leaf sheaths strongly erect) from one
linear foot of row from several areas within a field
(Figure 1).
Fractional Green Canopy Cover Methods
(Canopeo). Fractional green canopy cover should
be measured at Feekes 5 growth stage using the
mobile device application, Canopeo
(http://www.canopeoapp.com). The camera should
be held to capture three rows of wheat in the
image (Figure 2).
After counting the number of wheat stems or
measuring FGCC, Table 1 can be used to estimate
wheat grain yield. For example, if an average of 51
stems is counted from one foot length of row, the
predicted grain yield would be 100 bu/acre.
Similarly, if the average FGCC measurement was
35%, the predicted grain yield would be 100
bu/acre.

Figure 1. Measurement tool
used to consistently count
the number of stems in one
foot of row.

Table 1. Estimated grain yield based on the
number of stems and fractional green canopy
cover (FGCC).
Grain yield
(bu/acre)

Stem count
(number/ft of row)

FGCC (%)

85

27

17

90

34

23

95

42

29

100

51

35

105

63

41

110

80

47

115

100

53

120

--

59

125

---

65

130

---

71

Figure 2. Image analyzed for
fractional
green
canopy
cover with the Canopeo
mobile device application.
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Estimating Wheat Yield with Stem Counts and Fractional
Green Canopy Cover
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COMING SOON!

Wheat harvest date
effect on grain yield
and quality

Variable rate seeding soybean
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