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Field studies were conducted in the upper Texas Gulf Coast and in central Louisiana during the 2013 through 2015 growing seasons
to evaluate the effects of fungicides on grain sorghum growth and development when disease pressure was low or nonexistent.
Azoxystrobin and flutriafol at 1.0 L/ha and pyraclostrobin at 0.78 L/ha were applied to the plants of two grain sorghum hybrids
(DKS 54-00, DKS 53-67) at 25% bloom and compared with the nontreated check for leaf chlorophyll content, leaf temperature, and
plant lodging during the growing season as well as grain mold, test weight, yield, and nitrogen and protein content of the harvested
grain. The application of a fungicide had no effect on any of the variables tested with grain sorghum hybrid responses noted. DKS
53-67 produced higher yield, greater test weight, higher percent protein, and N than DKS 54-00. Results of this study indicate that
the application of a fungicide when little or no disease is present does not promote overall plant health or increase yield.

1. Introduction

Fungicides are a vital solution to the effective control of plant
diseases which are estimated to cause yield reductions of
almost 20% in major food and cash crops worldwide [1]. In
the past few years, there has been increased controversy over
whether fungicides should be applied to field crops in the
absence of disease [2, 3]. Despite a lack of scientific evidence
supporting “plant health,” the US Environmental Protection
Agency has granted a supplemental label for the use of
pyraclostrobin (Headline�, BASF Corp., Research Triangle
Park, NC 27709) fungicide for “plant health” [4], which may
be misleading. Fungicides have been shown to have effects
on crop growth and physiology by various disruptions such
as growth reduction, perturbation in the development of
reproductive organs, alteration of nitrogen, and/or carbon

metabolism leading to a lower nutrient availability for plant
growth. The sensitivity of some plant species may depend
on the developmental stage (e.g., more sensitive to the treat-
ments at young stages or during critical events such as repro-
duction) or the type of pesticides used [1].

Grain sorghum in the US is primarily grown on dryland
hectares in the “sorghum belt” which stretches from South
Dakota to southern Texas. In 2015, grain sorghum was
planted on 3.4 million hectares with an average yield of
4409 kg/ha [5]. Fungicides have been used in grain sorghum
to manage a number of foliar diseases in the southern US
including anthracnose (Colletotrichum graminicola [Ces.] G.
W.Wilson [syn.C. sublineolumP.Henn., in Kabat. & Bubak]),
gray leaf spot (Cercospora sorghi Ellis & Everh.), target leaf
spot (Bipolaris sorghicola [Lefebvre & Sherwin] Alcorn), and
zonate leaf spot (Gloeocercospora sorghi D. Bain & Edgerton
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ex Deighton) [6, 7]. Older fungicides used to manage grain
sorghum diseases had multisite modes of action and were
contact fungicides which remain on the leaf surface and were
easily washed off [8]. With improved chemistry, systemic
fungicides are now available and these types of fungicides are
absorbed by the leaves and move within the treated plant [8].
Systemic fungicides allow growers to properly manage grain
sorghum diseases now more than ever before.

The quinone outside inhibitor (QoI) class of fungicides,
commonly referred to as strobilurins, are a relatively newer
class of fungicides that have been commercially available
in Europe and the US since the mid-to-late 1990s [9].
This class of fungicides disrupt electron transport in the
mitochondria and diminish adenosine triphosphate (ATP)
production [9], which effectively prevents spore germination
and reduces mycelial growth in ascomycetes, basidiomycetes,
deuteromycetes, and oomycetes [10, 11]. This mode of action
is also purported to induce nonfungicidal, physiological
changes within the plant, such as greater chlorophyll reten-
tion, increased water and nitrogen use efficiency, and delayed
senescence [12–14].

Three of the newer fungicides labeled for use in grain
sorghum are azoxystrobin, flutriafol, and pyraclostrobin.
Azoxystrobin and pyraclostrobin are strobilurin-type fungi-
cides that have shown activity against many different fungal
pathogens in soybean (Glycine max L.), peanut (Arachis
hypogaea L.), and various other crops [15–18]. Pyraclostrobin
is rapidly absorbed by leaf tissue and has demonstrated
translaminar movement through layers of the leaf; however,
the material is not redistributed throughout the plant like
a true systemic fungicide [9, 19]. Selected rates of pyra-
clostrobin have superior activity against the peanut leafspots,
caused by Cercospora arachidicola and C. personatum, as well
as soil-borne diseases such as southern stem rot (Sclerotium
rolfsii Sacc.) [20].

Azoxystrobin is reported to have activity against both
Rhizoctonia solani and Pythium spp. [21–23]. Uptake of
azoxystrobin into leaves is a gradual process; for example, 1 to
3% of the appliedmaterial is absorbed into a grape leaf within
24 hr of foliar application [9]. Strobilurins like azoxystrobin
move across the leaf surface and into the waxy cuticle of the
leaf (locally systemic) and may even move into the cuticle of
the underside of the leaf (translaminar activity) [24]. Some of
thematerial alsomaymove into the xylem and be transported
upwards; however, the plant does not transport much, if any,
fungicide down to the roots [9].

Flutriafol is a systemic demethylation inhibitor (DMI)
fungicide that is labeled as a curative or a preventative treat-
ment in grain sorghum [25].Thematerial inhibits the specific
enzyme, C14-demethylase, a fungal cytochrome P450, which
plays a role in sterol production [25]. Sterols are a require-
ment for fungal membrane structure and function and are
essential for the development of functional cell walls [24, 25].
It was first registered by the EPA for use on apples (Malus
domesticaBorkh) and soybeans in 2010. In 2012, the fungicide
was approved for use on corn (Zea mays L.) [25]. Recently,
flutriafol received approval for use on cotton (Gossypium
hirsutum L.) to manage Phymatotrichopsis root rot of cotton
[26].

There is very limited information available on the res-
ponse of grain sorghum to fungicides, especially to document
whether a fungicide application causes nonfungicidal physi-
ological changes and yield increases in years of little disease
development. However, growers continue to inquire about
the use of fungicides in grain sorghum production and their
value. Therefore, the objectives of this research were (1) to
assess the effects of fungicide applications applied to grain
sorghum on seed yield when foliar disease incidence was low
or nonexistent and (2) to determine if a fungicide application
can be associated with nonfungicidal physiological changes
and yield components or grain composition under field con-
ditions.

2. Materials and Methods

2.1. Research Sites. Grain sorghum fungicide studies were
conducted in 2013 along the upper Texas Gulf Coast
near Wharton on the Michael Beard Farm (29.296036N,
96.221369W) and in 2014 (31.17540N, 92.40517W) and 2015
(31.17302N, 92.40922W) in central Louisiana at the Rapi-
des Parish-Dean Lee Research and Extension Center near
Alexandria, Louisiana. Cotton was planted prior to grain
sorghum at the two locations in all three years. Soil type at
theWharton location was a Lake Charles clay (fine, smectitic,
hyperthermic, Typic Hapluderts) with a pH of 6.5 while
soils at both Alexandria locations was a Coushatta silt loam
(fine-silty, mixed, superactive, thermic Fluventic Eutrudepts-
Coushatta silt loam) with a pH range of 6.5 to 6.8. Conven-
tional tillage systems were used at both locations and both
sites were maintained under rainfed conditions. Fertilizer
at the Wharton location included 125 kg/ha of N, 44 kg/ha
of P, 17 kg/ha of K, and 8 kg/ha of Zn while at Alexandria
168 kg/ha of N, 34 kg/ha of P, 67 kg/ha of K, and 2 kg/ha
of Zn were applied in both years. Plots were maintained
weed-free at the Wharton County location throughout the
growing season using a preemergence (PRE) application of a
premix of dimethenamid P plus atrazine (Guardsman Max�,
BASF Corporation, Research Triangle Park, NC 27709) at
3.2 L/ha plus dimethenamid (Outlook�, BASF Corporation,
Research Triangle Park, NC 27709) at 0.13 kg/ha while at
the Alexandria location, S-metolachlor (Medal II�, Syngenta
Crop Protection, Greensboro, NC 27419) at 1.2 L/ha plus
atrazine at 3.55 L/ha were applied PRE. No insecticides
were applied at the Wharton location; however, at Alexan-
dria in 2014, two applications of sulfoxaflor (Transform�,
Dow AgroSciences, Indianapolis, IN 46268) were applied
at 110ml/ha. In 2015, sulfoxaflor was applied at 73ml/ha
followed by flupyradifurone (Sivanto, Bayer CropSciences LP,
Research Triangle Park, NC 27709) at 365ml/ha. In both
years, these insecticides were applied to control the sugarcane
aphid (Melanaphis sacchari L.). Prior to harvest, glyphosate
(Roundup WeatherMaxx�, Monsanto Co., St. Louis, MO
63167) at 2.24 L/ha was applied at 30% physiological maturity
to hasten grain drydown and aid in plant desiccation for
ease of harvest. Plots were hand harvested and mechanically
threshed atWharton (July 9, 2013) while a small plot combine
was used at the Alexandria location (August 18, 2014; August
5, 2015). Final yields were adjusted to 14% moisture.
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Table 1: Rainfall amounts during the 2013 through 2015 growing season at each test location.

Month
Wharton, Texas (2013) Alexandria, Louisiana

Monthly 30 yr average 2014 2015 30 yr average
Mm

March 12.7 80.8 49.0 180.9 131.9
April 116.8 83.8 96.5 229.6 116.1
May 66.0 119.4 110.5 160.8 119.9
June 20.3 126.5 111.0 137.9 136.9
July 33.0 83.1 132.1 46.5 112.0
August 38.1 74.9 215.4 41.7 103.9
Total 286.9 568.5 714.5 797.4 720.7

2.2. Grain SorghumHybrids and Fungicide Treatments. Grain
sorghum hybrids (DKS 54-00 and DKS 53-67) were those
commonly used in production fields in south-central Texas
and central Louisiana. Grain sorghum seed was planted
at the rate of 198,000 seed/ha with either a 2- or 4-row
cone planter. Planting dates were March 8, 2013, at the
Wharton County location and April 4, 2014, and April 1,
2015, at the Alexandria location. Treatments consisted of
a factorial arrangement of the two grain sorghum hybrids
with four fungicide treatments (nontreated, azoxystrobin and
flutriafol at 1.0 L/ha and pyraclostrobin at 0.78 L/ha). Only
azoxystrobin included Agridex (Helena Chemical Co., 6075
Poplar Ave., Memphis, TN 38119), a crop oil concentrate, at
1.0% v/v. Each study was replicated four times.

2.3. Plots andRainfall. Individual plots consisted of four rows
(102 cm centers at Wharton and 97 cm centers at Alexandria)
by 15.2m long with 4 reps at each location. The four rows
of each plot in each study were sprayed with fungicide and
data (including yield) were collected from the middle two
rows. Rainfall for the upper Texas Gulf Coast (Wharton,
TX) in 2013 can be best described as well below average
for all months of the growing season with the exception of
April (Table 1). Seasonal rainfall at the Alexandria location
in 2014 can be described as below average during the early
part of the growing season (March through April) but near or
above average during the rest of the growing season.The 2015
growing season can be described as above normal rainfall
early (March through June) but below average during July and
August (Table 1).

2.4. Fungicide Application. At the Wharton County location,
fungicides were applied with a Lee� Spider sprayer equipped
with one 8003 XR flat fan nozzle (TeeJet Spraying Systems
Co., Wheaton, IL 60188) per row, while at Alexandria,
fungicides were applied with a CO

2
-propellant backpack

sprayer equipped with one 8001 flat fan spray nozzle (TeeJet
Spraying Systems Co., Wheaton, IL 60188) per row. At all
locations, fungicides were applied in 140 L of water/ha at
a pressure of 315 kPa at the Wharton County location or
504 kPa at Alexandria. Fungicides were applied at 25% bloom
at each location which was 84 (May 31), 80 (June 23), and 83
(June 23) days after planting (DAP) in 2013, 2014, and 2015,
respectively.

2.5. Leaf Chlorophyll Concentration. Grain sorghum leaf
chlorophyll concentrations were determined using a SPAD
502 chlorophyll meter (Konica Minolta; Ramsey, NJ 07446).
Readings were taken on the flag leaf between the mid-vein
and leaf margin and reported values are the average of
readings collected from ten plants in the center two rows
of each plot at solar noon. Measurements were taken on a
weekly basis beginning the day before fungicide application
until black layer was reached.

2.6. Leaf Temperature. Leaf temperature readings were taken
using a Raytek ST Pro temperature gun (Raytek Corp.; Santa
Cruz, CA 95061). Readings were taken at the same location
and time as leaf chlorophyll measurements on ten plants and
reported values are the average of the readings.

2.7. Seed N and Protein, Stalk Lodging, and Grain Mold
Ratings. Seed N and protein were determined by the high
temperature combustion process [27–29] (Texas A&M Soil,
Water and Forage Testing Lab; College Station, TX 77843).
Stalk lodging data was collected the day prior to harvest and
was calculated based on the total number of plants lodged
per plot divided by the total number of plants per plot. Grain
mold was determined on a scale of 1 to 5 with 1 = seed bright
with no mold or discoloration and 5 = seed covered entirely
with mold and was deteriorated and looked dead.

2.8. Data Analysis. The treatment design was a factorial
arrangement using a randomized complete block design with
fungicides and grain sorghum hybrids as factors. An analysis
of variance was performed using the ANOVA procedure for
SAS (SAS Institute, 1998, SAS user’s guide, SAS Institute,
Cary, NC) to evaluate the significance of fungicide and grain
sorghum hybrid on overall plant health which included leaf
chlorophyll concentration and temperature, plant lodging,
grain mold, grain test weight and yield, and percent nitrogen
and protein in the grain. The Fishers Protected LSD at the
0.05 level of probability was used for separation of mean
differences.

3. Results and Discussion

Across years at both locations, very few or no foliar disease
symptoms were present among the two grain sorghum
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hybrids (data not shown) even though rainfall was near
normal or above normal at Alexandria (Table 1). Also, across
all variables tested, differences between the untreated check
and any fungicide treatment were noted only in 2015 and
there was not a fungicide by hybrid interaction for any
variables tested (data not shown). Grain sorghum hybrid
response to the several test variables was noted (Table 2).
This indicates that grain sorghum was only slightly affected
by the application of a fungicide. This is contrary to industry
advertisements claiming otherwise.

3.1. Leaf Chlorophyll Content. Theeffect of fungicidewas only
noted in 2015 at 13 weeks after planting when the untreated
and flutriafol treatments produced the highest readings and
pyraclostrobinthe lowest (Table 2). Also, hybrid response was
noted in 2013 at 13 weeks after planting when DKS 53-67
resulted in higher readings than DKS 54-00 and also in 2013
and 2014 at 15 weeks after planting when different results were
noted. In 2013, DKS 53-67 resulted in the highest reading
while in 2014 the opposite was found. Henry et al. [30] noted
no difference in leaf chlorophyll readings with nine different
fungicides on soybean.

3.2. Leaf Temperature Readings. Only in 2015 at week 11 was
a response noted with fungicides while hybrid differences
were noted in 2013 and 2014 (Table 2). In 2015 at week
11, leaf temperature was the greatest with pyraclostrobin
while azoxystrobin produced the lowest temperature. Hybrid
differences in leaf temperature were noted in 2013 and 2014
but not 2015 (Table 2). Results were inconsistent in both
years as in some instances DKS 53-67 produced higher leaf
temperatures and in other instances DKS 54-00 produced
higher temperatures.

3.3. Test Weight. Only a hybrid response was noted in 2013
and 2014 with DKS 53-67 producing higher test weight than
DKS 54-00 in both years.

3.4. Yield. A response to fungicides was noted only in
2015 (Table 2). Flutriafol produced the highest yield and
azoxystrobin and pyraclostrobin the lowest. However, no
fungicide treatment was different from the untreated check.
In 2013 and 2014, DKS 53-67 outyieldedDKS 54-00. Swoboda
and Pedersen [31] noted, in a 2-year study on soybean, that
fungicides had no effect on yield. Grichar [15] noted that
the use of fungicides on soybean along the upper Texas Gulf
Coast under little or no disease pressure resulted in few
increases in yield and subsequent increases in net returns. In
several instances, the use of fungicides resulted in a decrease
in net returns, especially in a year with below normal rainfall.
However, Paul et al. [32] reported that, in corn, generally the
mean yield was higher in plots treated with fungicides than
in the nontreated plots.

3.5. Protein Content. Only a hybrid response was noted with
DKS 53-67 having a higher protein content thanDKS 54-00 in
both 2013 and 2015with nodifferences noted in 2014 (Table 2).
Swoboda and Pedersen [31] noted no differences in protein
content among fungicide treatments in soybean.

3.6. Seed N Content. As was seen with protein content, only a
hybrid response was noted. In all three years, DKS 53-67 had
a higher N content than DKS 54-00.

3.7. Grain Mold. In 2015, the untreated check resulted in a
higher grainmold rating than any of the fungicide treatments
while in 2014 a hybrid difference was noted as DKS 54-00 had
a higher rating than DKS 53-67 (Table 2).

3.8. Lodging. No lodging was noted with any hybrid or
fungicide treatment (data not shown).

The results from the various variables tested in this study
fail to show a consistent overall improvement in plant health
and other advantages to using a fungicide under low disease
pressure. Other studies in various crops have also failed to
indicate that the application of a fungicide would improve
overall plant health and result in an increase in yield. The
prophylactic use of fungicides may confer risks beyond eco-
nomic losses. QoI or strobilurin fungicides are classified by
the Fungicide Resistance Action Committee (FRAC) as high-
risk for resistance development [30]. Over 40 pathogens have
been reported as being resistant to QoI fungicides worldwide
[33]. Recently, isolates of Cercospora sojina Hara on soybean
were confirmed as resistant to strobilurin fungicides even
though these fungicides have only been widely used in
soybean for a few years [34]. Swoboda and Pedersen [31]
concluded that under the low disease incidence noted in
Iowa a low probability exists that the use of a fungicide
on soybean would increase yield by mechanisms other than
disease control. Wrather et al. [35] reported that foliar
applications of azoxystrobin may be useful for the manage-
ment of some foliar soybean diseases, but azoxystrobin may
increase the percent of Phomopsis spp. seed infection. It was
felt that azoxystrobin may interfere with the plant’s natural
defense mechanism to Phomopsis spp., or it may protect
the plant from other diseases, thus extending the life of the
plant so that Phomopsis spp. has more time to move from
the pod into the seed. Spokas and Jacobson [36] reported
no long-term negative impacts on the soil system or straw-
berry (Fragaria x ananassa) production as a consequence of
strobilurin usage. In one of two years, they reported a yield
boost on strawberries as a result of fungicide usage.

Paul et al. [32] stated that unless a corn crop is at risk
of developing fungal disease, farmers would be smart to
skip fungicide treatments that promise increased yields.They
reported that fungicides used in fields where conditions were
optimal for fungal diseases improved yields and paid for
themselves. Some studies in wheat (Triticum aestivum) have
indicated that QoI andDMI fungicides may delay senescence
causing a “greening effect” by reducing oxygen in the leaves
thereby protecting plants from toxic reactive oxygen species
[37]. Others have hypothesized that the greening effect in
wheat is a result of the inhibition of ethylene production by
the QoI fungicides [13]. Other research has found no effect of
the QoI or DMI fungicides on wheat senescence, biomass, or
yield [38].

In conclusion, in the absence of any disease pressure, the
application of a fungicide may not improve grain sorghum
plant health or increase yield and may ultimately reduce net
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returns because of the added cost of a fungicide and appli-
cation. However, if conditions are conducive to disease devel-
opment, the application of a fungicide may prove beneficial.
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