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Target spot of soybean has spread in Brazil, the southeastern United States and Argentina in the last decade. A collaborative network of field Uniform Fungicide Trials (UFT) in Brazil was created in 2011 to study the target spot control
efficacy of fungicides, including azoxystrobin + benzovindiflupyr (AZ_BF), carbendazim (CZM), fluxapyroxad + pyraclostrobin (FLUX_PYRA), epoxiconazole + FLUX_PYRA (EPO_FLUX_PYRA), mancozeb (MZB) and prothioconazole + trifloxystrobin (PROT_TRIF). Network meta-analysis was used to conduct a quantitative synthesis of UFT data
collected from 2012 to 2016 and to evaluate the effects of disease pressure (DP, low ≤ 35% target spot severity in the
nontreated control < high) and year of experiment on the overall mean efficacy and yield response to each of the tested
fungicides. Based on mean percentage control of target spot severity, the tested fungicides fall into three efficacy groups
(EG): high EG, FLUX_PYRA (76.2% control relative to the nontreated control) and EPO_FLUX_PYRA (75.7%
control); intermediate EG, PROT_TRIF (66.5% control) and low EG, MZB (49.6% control), AZ_BF (46.7% control)
and CZM (32.4% control). DP had a significant effect on yield response. At DPLow, the highest response was due to
PROT_TRIF (+342 kg ha1, +12.8%) and EPO_FLUX_PYRA (+295.5 kg ha1, +11.2%), whereas at DPHigh, EPO_
FLUX_PYRA and FLUX_PYRA outperformed the other treatments, with yield responses of 503 kg ha1 (+20.2%) and
469 kg ha1 (+19.1%), respectively. The probability of a positive return on fungicide investment ranged from 0.26 to
0.56 at DPLow and from 0.34 to 0.66 at DPHigh.
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Introduction
Target spot, caused by Corynespora cassiicola, was first
reported on soybean (Glycine max) in the United States in
1945 (Olive et al., 1945), and can now be found in most
soybean-growing countries. Since its first report in 1976 in
Brazil (Almeida et al., 1976), target spot has been considered a disease of limited importance. However, due to the
widespread adoption of no-till cultivation practices, sowing of susceptible cultivars and a decreased sensitivity of
the pathogen to commonly used fungicides (Xavier et al.,
2013), this disease has now established itself as endemic in
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Brazilian soybean-growing regions, Paraguay, Bolivia and
northern Argentina (Ploper et al., 2013).
The reddish-brown leaf lesions, initially observed in
the lower to middle part of the canopy, are round to
irregular, varying from specks to mature spots of 1 cm
or more in diameter (Snow & Berggren, 1989). A yellow
halo commonly surrounds the lesions, which often develops concentric rings at maturity (hence the name target
spot). Symptoms may develop during all growth stages
and susceptible cultivars can suffer intense defoliation.
For instance, defoliation of up to 50% was observed in
2016 in mid-southern states (Arkansas, Mississippi) of
the USA, coinciding with wet weather conditions
(AgWeb, 2017).
Significant yield losses in soybean due to target spot
often occur in years with higher than normal rainfall or
extended periods of rainfall during certain critical
growth stages. Under such conditions, fungicide sprays
ª 2018 British Society for Plant Pathology
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may be adopted to minimize yield losses. In addition,
Edwards Molina et al. (authors’ unpublished data)
observed that some soybean cultivars were tolerant to
target spot, making this a sustainable option for managing target spot. However, tolerance also could represent
a source of variability in yield response to fungicides
used to manage the disease.
Since 2011, a considerable amount of resources has
been dedicated by public and private Brazilian research
institutes to the study of fungicide efficacy against target
spot. Through a collaborative network of field Uniform
Fungicide Trials (UFTs), the control efficacy of current
labelled and prelabel fungicides against target spot and
the impact of target spot on yield have been evaluated
annually in the soybean-growing regions of Brazil
(Godoy et al., 2012, 2013, 2014, 2015, 2016; links to
web file locations are listed in Text S1).
However, in most published individual studies on
fungicide efficacy and yield response, only means and
statistical significance of treatment effects are reported. A
significant yield response may not provide enough information to guide farmers’ decision-making regarding pest
management. In order to maximize growers’ profit, while
minimizing unnecessary, wasteful and environmentally
damaging fungicide sprays, technical reports should also
include cost–benefit analyses. One approach would be to
provide estimates of the probability of a profitable return
on a fungicide investment. This could aid growers’ decision to spray or not, or even to select the most suitable
fungicide for each particular situation, as reported by
Paul et al. (2011) and Machado et al. (2017).
Every year, technical reports are published summarizing the results from target spot UTFs. However, these
types of summaries do not model or quantify the effects
of study-specific factors (moderator variables) on the
control efficacy or yield response to the tested fungicides.
Meta-analysis provides a suitable alternative for integrating and interpreting results from multiple individual
studies (Madden et al., 2016). Through meta-analysis,
the magnitude and significance of treatment effects in
terms of disease control and yield response can be estimated, along with the effects of moderator variables on
efficacy.
The objective of this study was to conduct a quantitative synthesis of target spot UFT data to: (i) determine
target spot control efficiency and yield response to several fungicides evaluated in the main soybean-growing
regions of Brazil; (ii) identify factors affecting the efficacy
of the tested products; and (iii) estimate the probability
of economic benefit for applying a fungicide under a
wide range of grain price–application cost scenarios.

Materials and methods
Uniform fungicide trials
Data from a total of 56 UFTs carried out during five growing
seasons (from 2012 to 2016, years of harvest) across six Brazilian states (Bahia, BA; Parana, PR; Mato Grosso do Sul, MS;
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Mato Grosso, MT; Goias, GO; and Tocantins, TO) were used
for the present analysis (Fig. 1). Trials were established using
soybean cultivars that were known to be susceptible to C. cassiicola, and all UFTs were managed following typical commercial
production practices. Four of the 23 cultivars planted over the
5 years were used in at least five trials: BMX Pot^encia RR,
M9144RR, TMG803 and NA5909 RG.
Treatments consisted of three or four applications of labelled
fungicides for soybean diseases by the Ministry of Agriculture,
Livestock, and Food Supply in Brazil (Agrofit, 2017) (Table 1).
The fungicides included in this investigation were evaluated in
at least 20 UFTs from 2012 to 2016. They belonged to the
methyl benzimidazole carbamate (MBC), demethylation inhibitors (DMI), quinone-outside inhibitors (QoI), succinate dehydrogenase inhibitors (SDHI) single-site mode of action groups and
one multisite dithiocarbamate (Table 1). Over the 5 years, four
different combinations of the six fungicides were evaluated, i.e.
they were not tested simultaneously in all the studies, but in
four different sets. A nontreated control was used as the control
and reference against which all treatments were compared. A
CO2-pressurized backpack sprayer, calibrated to deliver 150–
200 L ha1, was used to apply the fungicide solutions to the
field plots. The first sprays were applied at 45–50 days after
planting (when plants started to close the canopy), followed by
two or three repeat applications at 21-day intervals.
The experimental design was a randomized complete block
with four or five replications. Plots were at least six rows wide
and 5 m long. A minimum of 12 leaves was examined at each
of three heights within the crop canopy, and percentage leaf
area exhibiting symptoms characteristic of target spot was
assessed between growth stages R5 and R6 with the aid of a
diagrammatic scale (Soares et al., 2009). The two centre rows
of each plot were harvested at full maturity and yield per unit
area, adjusted to 13% seed moisture content, was estimated.

Meta-analytic synthesis of fungicide effect on target
spot and yield
In meta-analysis, an effect size is any statistic (means, ratio of
means, difference between treatments and its control, etc.) that
can be used to evaluate the overall effect of some treatment or
the strength of a relationship between variables (Borenstein
et al., 2010). When estimating an overall effect size, randomeffects meta-analytical techniques handle the two sources of
variability that are common in a multi-environment study by
giving a weight to each experiment that is an inverse function of
the within-study variance (the higher the variance, the lower the
precision) and the between-study variance (inherent differences
among trials) (Madden & Paul, 2011).

Fungicide control efficiency
The natural log-transformed response ratio of target spot severity (Lsev ) was estimated for each fungicide treatment as a measure of efficacy (Paul et al., 2008). This is given by:


SevTrt
¼ lnðSevTrt Þ  lnðSevCheck Þ
Lsev ¼ ln
SevCheck

(1)

where SevTrt is the mean disease severity for a fungicide treatment and SevCheck is the mean disease severity for the nontreated
control. The right hand side of the equation is the equivalent
form of the log response ratio as the difference between log
means is equal to the log ratio. For an easier interpretation of
 sev (estimated after fitting the meta-analytical
the results, L
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Figure 1 Brazilian states and locations of the Uniform Fungicide Trial sites. Numbered points inside each state (dark grey) correspond to a different
~es (1); Goia
s state (GO): 1-Brasılia (1), 2-Planaltina
experimental site detailed as follows (n = number of trials): Bahia (BA): 1-Luıs Eduardo Magalha
~o do Sul (4), 3-Maracaju (3), 4-Sa
~o Gabriel
(1), 3-Porangatu (4), 4-Rio Verde (7); Mato Grosso do Sul state (MS): 1-Campo Grande (1), 2-Chapada
^ndia (4), 4-Lucas do Rio Verde (2), 5-Nova
do Oeste (3); Mato Grosso state (MT): 1-Campo Novo do Parecis (1), 2-Campo Verde (5), 3-Deciola
^ncia (1), 10-Sorriso (1); Parana
 state (PR): 1-Londrina (1),
Mutum (1), 6-Nova Xavantina (2), 7-Pedra Preta (1), 8-Primavera do Leste (4), 9-Quere
~o (1), 3-Palmeira (3); Tocantins state (TO): 1-Porto Nacional (4). Refer to Table S1 for detailed field-specific information.
2-Campo Moura

Table 1 Description of fungicide treatments included in the meta-analysis.
Active ingredient (a.i.)

Fungicide code

Sprays

Product dose
(L ha1)

AZ_BF

3

0.2

CZM

3

1

FLUX_PYRA

3

0.35

EPO_FLUX_PYRA

3

0.8

MZB

4

1.5

PROT_TRIF

3

0.4

a

Chemical

%

g a.i.
ha1

Azoxystrobin
Benzovindiflupyr
Carbendazim

30
15
50

60
30
500

QoI (11)
SDHI (7)
MBC (1)

Fluxapyroxad
Pyraclostrobin
Epoxiconazole
Fluxapyroxad
Pyraclostrobin
Mancozeb

16.7
33.3
5
5
8.1
75

58.5
116.5
40
40
64.8
1125

Prothioconazole
Trifloxystrobin

17.5
16

70
60

SDHI (7)
QoI (11)
DMI (3)
SDHI (7)
QoI (11)
Multisite
contact
DMI (3)
QoI (11)

FRAC codea

Trade name
(company)

US$ per
doseb

Elatus (Syngenta)

32.8

Carbendazim
(Nortox)
Orkestra (BASF)

5.6
31.5

Ativum (BASF)

31.2

Unizeb Gold (UPL)

12.1

Fox (Bayer)

31.3

QoI, quinone-outside inhibitors; SDHI, succinate dehydrogenase inhibitors; MBC, methyl benzimidazole carbamates; DMI, demethylation inhibitors.
Price in July 2017 for the state of Sao Paulo, Brazil.

b
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model) were back-transformed to obtain estimates of percentage
control efficiency (%) (Paul et al., 2008), calculated as:
 ¼ ð1  expðL
 sev ÞÞ100
C

(2)

 sev value corresponds to a
By definition, a large negative L

large positive C, i.e. higher efficacy. Only those trials in which
mean target spot severity in the nontreated plots was higher
than 15% were kept for assessing control efficacy.

Yield response
Two effect sizes were estimated as measures of yield response to
the tested fungicides: the absolute difference in yield (D, estimated as the difference between the means for each fungicide
treatment and the nontreated control) (Paul et al., 2010, 2011)
and the relative yield response (Lyld ). The latter was estimated
by following the same form of Eqn 1, then Lyld was backtransformed to obtain estimates of yield response as percentage
 %) (Paul et al., 2008) as:
(R,


YldTrt
¼ lnðYldTrt Þ  lnðYldCheck Þ
Lyld ¼ ln
YldCheck

(3)

where YldTrt is the mean soybean yield for a fungicide treatment
and YldCheck is the mean yield for the nontreated control (Paul
 was then estimated
et al., 2008). Percentage yield response (R)
 yld as:
from L
 ¼ ðexpðL
 yld Þ  1Þ100
R

(4)

 yld is the mean log response ratio for yield (estimated by
where L
meta-analysis) for a fungicide treatment. Trials with presence of
soybean rust were removed for the analysis of yield response
(three trials removed).

Quantitative synthesis
Multitreatment (or network) meta-analysis was used to estimate
 yld , L
 sev and D
 because the six fungicide treatments of interest
L
were tested in different combinations in the different trials. In this
situation, researchers often perform a separate univariate metaanalysis for each effect size of interest (i.e. for each pair of treatment means); however, by doing so, they ignore the correlation of
effect size estimates within studies, which could lead to biased estimates (Paul et al., 2008; Madden & Paul, 2011). The multivariate
meta-analytical approach also allows for comparisons between all
pairs of treatments across trials. Two different forms of effect sizes
can be estimated in network meta-analysis: the most frequent is
based on contrasts of the treatment of interest with a common reference (e.g. control treatment) also known as the conditional modelling approach, or contrast-based meta-analysis. A simpler
approach (adopted in this study) is to fit a two-way linear mixed
model directly to the treatment means from each study in a twostage analysis. This is also known as the unconditional modelling
approach or arm-based meta-analysis (Madden et al., 2016).
Another important advantage of network meta-analysis,
which is of relevance to this study, is that it provides both direct
and indirect evidence of differences between pairs of treatment
means (Higgins et al., 2012; Madden et al., 2016). However,
when the two types of contrasts are different, the network is
said to be inconsistent (Lu & Ades, 2004). This implies that differences between treatment means (effect sizes) depend on the
study ‘design’ (here design refers to the set of treatments in the
study; Madden et al., 2016). Therefore, inconsistency can be
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tested by adding a design-by-treatment interaction term to the
model (Piepho et al., 2015). A statistically significant interaction, based on a Wald test statistic for instance, is indicative of
inconsistency (Piepho et al., 2015).
Following an analysis of variance of the raw data, least
squares treatment means and trial-specific mean square errors
for both responses were used to generate a data matrix for
meta-analysis. To estimate log response ratios, the meta-analytical
model was fitted to log-transformed least squares means,
 the model was fitted directly to the
whereas to estimate D,
untransformed mean yield data. All model-fitting steps in terms
of estimation of within-study variances and weights of means
and log means were as described in Paul et al. (2008, 2010). In
brief, in all cases, the nontreated control was used as the reference, and the generic model was:
Yi  Nðl;

P

þ Si Þ

(5)

where Yi is the vector of responses for the ith study, and was
assumed to have a multivariate normal distribution, with a mean
vector l and a variance-covariance matrix Σ + Si where Σ is a 7 9 7
between-study variance-covariance matrix (Higgins et al., 2012).
An unstructured Σ matrix was used and the models were fitted
to the data with a maximum-likelihood parameter. R METAFOR
package (Viechtbauer, 2010) was used to fit all the meta-analytical
models.

Moderator variables
The between-study variance (r2) reflects the heterogeneity of
treatment effects across studies. There can be multiple causes
of this heterogeneity, such as the diversity in the ways the
studies were conducted and other characteristics of the studies
(Borenstein et al., 2010). Study-specific factor effects can be
accounted for by incorporating ‘moderator variables’ in
the meta-analytical model (van Houwelingen et al., 2002). The
effect of the moderator variable for the ith study on
the response vector is given by the vector di, with seven rows
(for the six treatments, plus the control). The model can now
be rewritten as:
Yi  Nðl þ di ;

P

þ Si Þ

(6)

Here the expected log means are now a function of the moderator variable (l + di) and not just a constant vector.
For the purposes of this study, the effects of target spot pressure (DP), year of the trial, and cultivar were tested as moderator variables. For DP, target spot severity (TSs) in the
nontreated control was used to classify trials into two groups
based on severity thresholds of 20%, 25%, 30%, 35% or 40%.
Trials were classified as low DP (DPLow ≤ threshold) or high DP
(threshold < DPHigh). Year was tested as a factor or continuous
moderator variable to determine whether there was a trend of
decreasing control efficacy over time. This could represent, for
example, reduced sensitivity to the fungicide active ingredients
in the C. cassiicola population.
In an attempt to evaluate the effect of cultivar on yield
response to the tested fungicides, the original data set was
reduced by removing those trials with cultivars used fewer than
five times and fungicides tested in fewer than 30 trials. This
selection criterion resulted in cultivars BMX Pot^encia RR,
M9144RR, NA5909 RG, TMG803, and fungicides CZM,
EPO_FLUX_PYRA and PROT_TRIF being retained in the
reduced data set. The network meta-analytical model was then
refitted to the yield data with ‘cultivar’ as a categorical
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moderator variable. Based on slopes from linear regression analyses of relationships between soybean yield and target spot
severity, Edwards Molina et al. (authors’ unpublished data) classified BMX Pot^encia RR as being highly tolerant to target spot,
M9144RR as having low tolerance, and TMG803 as being of
intermediate tolerance. NA5909 RG was not classified.

(a)

Economic analysis
 r2,
Estimated yield responses and between-study variances (D,
respectively) from the meta-analysis were used to calculate the
probability (P) of the expected yield response being high enough
to offset a given fungicide application cost (C, product + operational costs, $ ha1) at a given soybean grain market price (Sp,
$ t1). The lower the C:Sp ratio, the more favourable it would
be for growers to obtain a profit from spraying a fungicide at a
fixed level of yield response, because a smaller yield gain would
be needed to pay for the fungicide application. This probability
  C Þ=r, where /(•) is the cumulawas estimated as: P ¼ u½ðD
sp
tive standard-normal function and r is the estimated betweenstudy standard deviation (Paul et al., 2011; Machado et al.,
2017). For the current C:Sp ratio, the operational costs were
fixed at $8 ha1; fungicide costs were calculated as the average
of three market prices paid for each product in the state of Sao
Paulo, Brazil, in May 2017 (Table 1); and an exchange rate of
BRL3.3 = $1 was used. The mean price paid for soybean for the
period from 2012 to 2016 was $330 t1. Probability of breaking-even (P) was calculated for different C:Sp combinations considering both reference prices  10%.

(b)

CHECK

Results
Based on the nontreated plot, mean target spot severity
ranged from 6.8% to 75%, with a median value of 29%
(Fig. 2a). As expected, the median level of severity was
lower in fungicide-treated plots than in the nontreated
control: 10–20% for AZ_BF, CZM and MZB and lower
than 10% for EPO_FLUX_PYRA, FLUX_PYRA and
PROT_TRIF. Soybean yield in the nontreated control ranged from 1160 to 4252 kg ha1, with a median value of
3174 kg ha1 (Fig. 2b). The six fungicide treatments had
higher yield median values than the nontreated control.

Fungicide efficacy against target spot
 sev differed significantly from zero,
For all fungicides, L
based on the standard normal test from the meta-analysis
(P = 0.009 for CZM and P < 0.001 for the other fungi sev values ranged from 1.433
cides; Table 2). Estimated L
 ranging from 76.2%
to 0.392, corresponding to C
(FLUX_PYRA) to 32.4% (CZM). Based on percentage con three groups of
trol relative to the nontreated control (C),
efficacy were determined: the most effective fungicides
against target spot were FLUX_PYRA (76.2%) and
EPO_FLUX_PYRA (75.7%); PROT_TRIF had intermediate control efficiency (66.5%); and the lowest levels of efficiency were observed for MZB (49.6%), AZ_BF (46.7%)
and CZM (32.4%).
The tested moderator variables did not have a significant effect on fungicide control efficacy (P > 0.05).
Treating the effects of disease pressure or year as

AZ
BF

Figure 2 Trial mean values (points) and overall treatment median
values (horizontal bold line) of target spot severity (a) and soybean
yield (b). CHECK = nontreated control; AZ_BF = azoxystrobin +
benzovindiflupyr; CZM = carbendazim; EPO_FLUX_PYRA =
epoxiconazole + fluxapyroxad + pyraclostrobin; FLUX_PYRA =
fluxapyroxad + pyraclostrobin; MZB = mancozeb; and PROT_TRIF =
prothioconazole + trifloxystrobin.

categorical and continuous moderator variables, respectively, did not lead to a substantial reduction in the
among-study variability (data not shown). Based on the
Wald test statistic, lack of inconsistency was observed in
the present network (a nonsignificant design-by-treatment
interaction was found, P > 0.05).

Yield response
The coefficient of variation for mean yield was 23.9%,
considering only the nontreated control means, and
20.7% when including all treatments (n = 238 entries).
This is indicative of relatively low variability in baseline
yield among trials, and suggests that D (mean difference)
would be informative as an effect size for quantifying the
effect of fungicide treatments on yield (Madden & Paul,
2011). D values ranged from 294 to 1024 kg ha1 with
a mean value of 296.2 kg ha1. All the treatments had at
least three D values <0 (11–17% of all the entries, depend was
ing on the treatment; Fig. 3). The overall estimated D
Plant Pathology (2019) 68, 94–106
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Table 2 Natural log-transformed response ratio of target spot severity (for each treatment relative to the nontreated control, estimated by the
network meta-analytical model), calculated percentage control efficacy, and corresponding statistics for the six fungicide treatments.
Effect sizec
Fungicide

a

AZ_BF
CZM
EPO_FLUX_PYRA
FLUX_PYRA
MZB
PROT_TRIF

k

b

20
35
44
37
20
44

Control efficacy (%)d

sev
L

SE

95% CI

0.628
0.392
1.416
1.433
0.684
1.092

0.179
0.151
0.156
0.164
0.181
0.149

0.98;
0.68;
1.72;
1.75;
1.04;
1.38;

0.28
0.09
1.11
1.11
0.33
0.79

Z

P


C

95% CI

3.50
2.59
9.09
8.76
3.78
7.31

<0.001
0.009
<0.001
<0.001
<0.001
<0.001

46.7
32.4
75.7
76.2
49.6
66.5

24.2;
9.1;
67.1;
67.1;
28.1;
55.0;

62.4
49.7
82.1
82.7
64.6
75.0

Model fitted to data of selected studies from the Uniform Fungicide Trials conducted in the Brazilian soybean-growing region from 2012 to 2016.
Active ingredients: AZ_BF: azoxystrobin + benzovindiflupyr; CZM: carbendazim; EPO_FLUX_PYRA: epoxiconazole + fluxapyroxad + pyraclostrobin;
FLUX_PYRA: fluxapyroxad + pyraclostrobin; MZB: mancozeb; PROT_TRIF: prothioconazole + trifloxystrobin.
b
Total number of studies used for each specific fungicide treatment and their respective control.
c
sev ) for the mean effect of each fungicide treatment on target spot severity relative to nontreated control; standard error
Mean log response ratio (L
sev ; Z (standard normal) statistic from the meta-analysis model. P = probability value
sev and 95% confidence interval (CI) containing L
(SE) of L
(significance level).
d
 and 95% CI containing C.

Mean percentage control (C)
a

significantly different from 0 for all the treatments, based
on the standard normal test (Z) from the meta-analysis
(P < 0.001). In other words, spraying the fungicides significantly increased the mean yield relative to nontreated
 values ranged
plots. For the six fungicides, the estimated D
1
1
from 200 to 400 kg ha : 365 kg ha for EPO_FLUX_
PYRA; 348 kg ha1 for PROT_TRIF; 330 kg ha1 for
FLUX_PYRA; 267 kg ha1 for MZB; 238 kg ha1 for
AZ_BF; and 209 kg ha1 for CZM. Based on the Wald
test statistic, lack of inconsistency was observed in the present network (a nonsignificant design-by-treatment interaction was found, P > 0.05).

Influence of moderator variables on yield response to
fungicides
The inclusion of moderator variable ‘disease pressure’
(DP) with a target spot severity threshold of 35%
(DPLow ≤ 35% TSs < DPHigh) was statistically significant
 (P = 0.0252) and L
 yld (P = 0.037). The highest
for both D
yield response at DPLow was observed with PROT_TRIF
(342 kg ha1, 12.8% higher yield than the nontreated
control) and EPO_FLUX_PYRA (295.5 kg ha1, 11.2%
 values and Fig. 5 for D
 estihigher yield) (Fig. 4 for R

mates; Table 3). AZ_BF had the lowest estimated D value:
182.6 kg ha1 (7% yield increase). On the other hand, at
 values were observed for EPO_
DPHigh, the higher D
FLUX_PYRA
(503.5 kg ha1)
and
FLUX_PYRA
(469.5 kg ha1), corresponding to 20.2% and 19.1%
higher yields, respectively, than the control. The two latter
 values in comparison
fungicides had significantly higher D
to the same fungicides at DPLow (P = 0.025 and
P = 0.011). For AZ_BF, yield response was marginally significantly higher at DPHigh than at DPLow (P = 0.052).
Yield response of CZM, MZB or PROT_TRIF was not
affected by DP.

A summary of the overall fungicide control efficiency (C)
 (the latter described with the
and relative yield response (R)
Plant Pathology (2019) 68, 94–106

inclusion of DP) is shown in Figure 4. Correlation analysis
and simple linear regression were fitted using the disease
control efficacy and yield response estimates as the independent and dependent variables, respectively. For both DP
classes, a significant positive correlation was observed
 and R
 at DPLow [r = 0.81 (P = 0.049); R2: 0.66]
between C
and DPHigh [r = 0.98 (P = 0.001); R2: 0.97], with a stronger relationship between yield response and disease control
efficacy at DPHigh context than at DPLow.

Economic analysis
At a fixed grain price of $330 t1 and operational costs of
$8 ha1, the cost of spraying the fungicides (expressed in
kg of soybean grains) was estimated to be 123 kg for
CZM, 240 kg for MZB, 350 kg for FLUX_PYRA,
350 kg for PROT_TRIF, 352 kg for EPO_FLUX_PYRA,
and 373 kg for AZ_BF. CZM was the only fungicide for
which the yield response was high enough to offset the
application cost at both DP levels: +89 kg ha1 at DPLow
and +108 kg ha1 at DPHigh (Fig. 5). On the other hand,
the yield response to AZ_BF was not sufficient to pay for
this treatment at either DP level: 190 kg ha1 at DPLow
and 53 kg ha1 at DPHigh. For the other fungicides, the
estimated profits at DPHigh were 151, 120, 60 and
38 kg ha1 for EPO_FLUX_PYRA, FLUX_PYRA, MZB
and PROT_TRIF, respectively.
The probability of offsetting the fungicide investment
(P) for the range of reference C:Sp values ranged from
0.26 to 0.56 at DPLow and from 0.34 to 0.66 at DPHigh,
across the tested fungicides (Fig. 6a,b). At DPLow and the
highest C:Sp (most pessimistic economic simulated situation, bottom right plot region) CZM had a P value of
0.52, whereas for the other fungicides, P values were less
than or equal to 0.4, with the lowest value of 0.26 for
AZ_BF. For the most optimistic economic situation (lowest C:Sp, top left plot region) P was higher than 0.5 for
all the fungicides except for AZ_BF (0.44; Fig. 6a). At
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Figure 3 Mean yield differences (D, grey bar plots) between fungicide-treated and nontreated soybean plots (standard error in black lines) sorted
from lowest to highest in x-axis. For each fungicide, the percentage of trials with D > 0 and their respective number of entries (n) are included.
Fungicide codes: (a) CZM = carbendazim; (b) MZB = mancozeb; (c) AZ_BF = azoxystrobin + benzovindiflupyr; (d) PROT_TRIF =
prothioconazole + trifloxystrobin; (e) FLUX_PYRA = fluxapyroxad + pyraclostrobin; (f) EPO_FLUX_PYRA = epoxiconazole + fluxapyroxad +
pyraclostrobin. All the fungicides were sprayed three times, with the exception of MZB which was sprayed four times.

DPHigh and the highest C:Sp (bottom right plot region) P
ranged from 0.34 (AZ_BF) to 0.54 (CZM), and at the
lowest C:Sp (top left plot region), EPO_FLUX_PYRA
and FLUX_PYRA had the highest probability values,
0.66 and 0.64, respectively (Fig. 6b).

 was not statisand TMG803, the effect of fungicides on D
tically significant (P > 0.05; Fig. 7). On the other hand,
for cultivar M9144RR, fungicide treatment did have a statistically significant effect on the yield response, with both
PROT_TRIF (647 kg ha1) and EPO_FLUX_PYRA
(573 kg ha1) outperforming CZM (248 kg ha1).

Cultivar effect on yield response to fungicides
The cultivar-by-fungicide interaction had a significant
 to fungicide
effect (P < 0.001) on mean yield response (D)
treatments. For cultivars BMX Pot^encia RR, NA5909 RG

Discussion
Since the re-emergence of target spot as a disease of concern in major soybean-growing countries such as the
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Figure 4 Overall mean control efficiency (%) and yield response (%)
for each tested fungicide. AZ_BF = azoxystrobin + benzovindiflupyr;
CZM = carbendazim; EPO_FLUX_PYRA = epoxiconazole +
fluxapyroxad + pyraclostrobin; FLUX_PYRA = fluxapyroxad +
pyraclostrobin; MZB = mancozeb; and PROT_TRIF = prothioconazole +
trifloxystrobin.

USA, Brazil and Argentina, the use of fungicides as an
approach for minimizing yield losses due to defoliation
has been the subject of debate. The present study synthesizes the results from a multi-environment fungicide network of fungicide trials (2012–2016 in six states)
conducted in the Brazilian soybean-growing region,

Fungicides
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bringing new basic insights about the chemical management of target spot.
Considerable variability was detected in fungicide efficacy against target spot, with the tested fungicides ranging from very low efficacy for carbendazim to high
efficacy for products containing fluxapyroxad (SDHI)
and pyraclostrobin (QoI). For the latter group, control
levels were higher than 75%. These results confirm previously reported findings from other studies in Brazil
(Godoy et al., 2012, 2013, 2014, 2015) and other parts
of the world (Ploper et al., 2013). Based on results from
fungicide experiments performed in the state of Mato
Grosso, Brazil, Belufi et al. (2015) reported that the
greatest control efficiency against target spot was
observed when plots were treated sequentially with mixtures of FLUX_PYRA and PROT_TRIF. They used a
similar set of four sequential sprayings to those tested in
the present study, which reduced the area under the target spot progress curve by 75%.
Also in Brazil, two applications of FLUX_PYRA (at
R1 and 15 days after R1) reduced target spot severity by
47% and defoliation by 22% relative to the nontreated
control, and increased yield by 13% (285 kg ha1) in
the state of Tocantins (Ribeiro et al., 2017). However, in
Mato Grosso, this fungicide treatment reduced target
spot by 50% without a significant yield increase (Basso
et al., 2015). In field experiments conducted in northern
Argentina in 2016 under more subtropical-type conditions, EPO_FLUX_PYRA had the best performance in
terms of yield response compared to several tested fungicides (De Lisi, 2016). However, in that particular study
brown spot (Septoria glycines) was present together with

Disease pressure

Low ≤ 35%

High > 35%

Fungicide yield difference or application cost (kg of soybean grain)
 points) and 95% confidence interval (horizontal lines) for each tested fungicide used to control target spot at both
Figure 5 Yield difference (D,
disease baseline classes (low ≤ 35%, or high > 35%). Vertical bold lines are the cost of each fungicide application (product + sprayings)
represented in soybean grain weight (kg) calculated with product prices of July 2017 and mean soybean grain price of the period 2012–16.
Fungicide code and respective application costs: AZ_BF = azoxystrobin + benzovindiflupyr (373 kg ha1); CZM = carbendazim (123 kg ha1);
EPO_FLUX_PYRA = epoxiconazole + fluxapyroxad + pyraclostrobin (352 kg ha1); FLUX_PYRA = fluxapyroxad + pyraclostrobin (350 kg ha1);
MZB = mancozeb (240 kg ha1); PROT_TRIF = prothioconazole + trifloxystrobin (350 kg ha1). All the fungicides were sprayed three times, with the
 values and 95% confidence interval were estimated by network meta-analysis of a database
exception of MZB which was sprayed four times. D
obtained from trials conducted during 2012–16 in the main Brazilian soybean-growing region.
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 between fungicide-treated and nontreated control (estimated by the network meta-analytical model) with
Table 3 Mean soybean yield difference (D)
the related statistics, and calculated percentage yield response, for the six tested fungicides on soybean target spot.
Yield response
(%)e

Effect sized

Low disease pressure (≤35%)

a

High disease pressure (>35%)b

Fungicideb

kc


D

SE

95% CI

Z

P


R

95% CI

AZ_BF
CZM
EPO_FLUX_PYRA
FLUX_PYRA
MZB
PROT_TRIF
AZ_BF
CZM
EPO_FLUX_PYRA
FLUX_PYRA
MZB
PROT_TRIF

16
29
36
33
16
36
6
14
17
12
6
17

182.6
211.7
295.5
276.8
209.9
342.0
320.0
231.0
503.5
469.5
300.0
387.8

38.3
34.1
52.1
42.0
48.1
51.6
70.7
60.1
92.5
76.1
89.0
91.4

108;
144;
193;
194;
115;
240;
181;
113;
322;
320;
126;
208;

4.8
6.2
5.7
6.6
4.4
6.6
1.9
0.3
2.2
2.5
1.0
0.5

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.052
0.737
0.025
0.011
0.311
0.616

7.0
7.3
11.2
10.3
8.4
12.8
13.4
9.6
20.2
19.1
13.1
16.3

4.0;
4.8;
6.9;
6.7;
4.3;
8.2;
4.1;
2.3;
7.7;
8.4;
1.1;
3.6;

257
279
398
359
304
443
458
349
684
618
474
567

10.2
10.0
15.6
14.1
12.7
17.6
23.4
17.3
34.2
30.9
26.5
30.7

Model fitted to data of selected studies from the Uniform Fungicide Trials conducted in the Brazilian soybean-growing region from 2012 to 2016.
a
Study disease pressure level (classification based on the mean target spot severity of the nontreated control).
b
Active ingredients: AZ_BF: azoxystrobin + benzovindiflupyr; CZM: carbendazim; EPO_FLUX_PYRA: epoxiconazole + fluxapyroxad + pyraclostrobin;
FLUX_PYRA: fluxapyroxad + pyraclostrobin; MZB: mancozeb; PROT_TRIF: prothioconazole + trifloxystrobin.
c
Total number of studies used for each specific fungicide treatment and their respective nontreated check.
d
 kg ha1) for each fungicide treatment relative to nontreated control; standard error of D
 (SE) and 95% confidence interval
Mean yield difference (D,

(CI) around D; Z (standard normal) statistic from the meta-analysis; P = probability value (significance level).
e
 %), calculated by back-transformation of the estimated L
sev (following Eqn 4), lower and upper limits of the 95% CI for R

Mean yield response (R,
(95% CI).

target spot. The nontreated control plots had a mean
brown spot and target spot severity of 40% and 25%,
respectively, which were reduced by 77% and 50%,
respectively, with two applications of EPO_FLUX_
PYRA, the first at R3 followed by a second at R5.
The relatively low efficacy of CZM observed here
could be attributed to the low fungitoxicity of the active
ingredient itself or to the reported increased frequency of
C. cassiicola isolates with resistance to this active ingredient in local populations of the pathogen (Teramoto
et al., 2017; Xavier et al., 2013).
In field experiments conducted in Mississippi (USA) in
2016, several fungicide active ingredients did not reduce
the severity of target spot relative to the nontreated control. The tested treatments consisted of either stand-alone
strobilurin (QoI) or triazole (DMI) fungicides or a premix
of the two (QoI + DMI), and in one case, a three-way
premix of active ingredients (QoI + DMI + MBC –
thiophanate-methyl), all applied at R4 (Allen, 2017). This
reported lack of significant treatment effects could have
been due to two primary factors: the use of ineffective
active ingredients or the fact that applications were made
relatively late (probably after canopy closing). Early
applications (close to R1) similar to those made in the
present study are not commonly recommended in the
mid-southern states of the USA. This is largely because
data from more than 12 years of fungicide trials showed
that in the absence of disease, the greater yield benefit
from using a fungicide occurred when applications were
made between R3 and R4 (T. Allen, Mississippi State
University, Stoneville, USA, personal communication).

However, because target spot is commonly first detected
in the lower canopy, attention should be given to identifying and managing early disease onset, before the canopy
closes. Effective target spot control will probably require
an application schedule that is different from those commonly recommended for other foliar diseases such as
brown spot and frogeye spot or leaf blight. However, further research would be needed to test this latter hypothesis to avoid unwarranted, ineffective and harmful
fungicide applications.
Results from fungicide trials conducted in the state of
Louisiana (USA) to control target spot of cotton, also
caused by C. cassiicola, showed that compared to other
treatments, the application of FLUX_PYRA resulted in
the greatest reduction in the rate of disease development (Price, 2017). This indicated that the efficacy of
this treatment is fairly consistent across C. cassiicola
pathosystems. However, when compared to other
pathosystems such as Phakopsora pachyrhizi–soybean
(Asian soybean rust), the overall efficacy of fungicides
against target spot in Brazil is considerably lower. For
instance, for soybean rust, efficacy as high as 90–100%
relative to unsprayed controls has been reported
(Scherm et al., 2009). These authors concluded that
two well-timed applications are optimal for maintaining
yield.
At relatively low disease pressure (target spot severity
at R5–R6 ≤ 35%), the highest yield response was
observed with the application of PROT_TRIF; however,
the only fungicide that paid the application costs (based
on the costs and prices considered here) was CZM, the
Plant Pathology (2019) 68, 94–106
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Low target spot pressure

(b)

High target spot pressure

Soybean price (US$ t–1)

(a)
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Fungicide spraying cost (US$ ha–1)
Figure 6 Probability (diagonal lines) of offsetting the fungicide investment for a simulated range of costs (product + application, x-axis) and
soybean trading prices (y-axis). Two scenarios were simulated depending on the target spot severity (S) in trial nontreated controls: (a) low disease
pressure, S ≤ 35% or (b) high disease pressure, S > 35%. Fungicide treatments are: CZM = carbendazim; MZB = mancozeb; AZ_BF =
azoxystrobin + benzovindiflupyr; PROT_TRIF = prothioconazole + trifloxystrobin; FLUX_PYRA = fluxapyroxad + pyraclostrobin; FLUX_PYRA_EPO =
fluxapyroxad + pyraclostrobin + epoxiconazole. All the fungicides were sprayed three times, with the exception of MZB which was sprayed four
times. Probabilities were estimated from D(bar) values and between-study variances estimated through network meta-analysis of a database
obtained from trials conducted during 2012–16 in the main Brazilian soybean-growing region.

cheapest of the tested products. A similar trend was
observed in a set of fungicide experiments in growers’
fields in Texas (USA) in the absence of disease pressure
(Grichar, 2013). Of the fungicide programmes tested, the
mixture PROT_TRIF (sprayed at R3 + R5) was the only
treatment to result in significant yield increments of 23%
and 14% in 2010 or 2011, relative to the nontreated
control. However, net increase in dollars per hectare
over the nontreated control was only observed in two
out of eight experiments (Grichar, 2013). In another trial
under low disease pressure, no changes in leaf area
index, dry matter, respiration, transpiration, stomatal
conductance, leaf temperature, number of pods or weight
of 1000 seeds were observed in response to the application of fluxapyroxad alone or in combination with pyraclostrobin (Carrijo, 2014).
Very similar trends to those observed in the present
study in terms of yield response to fungicides under low
disease pressure were observed for other necrotrophic
foliar diseases of soybean and other crops. For instance,
Plant Pathology (2019) 68, 94–106

based on trials conducted in Illinois, Bradley (2009)
observed a mean yield difference of 200 kg ha1 under
low frogeye leaf spot (Cercospora sojina) pressure compared to 600 kg ha1 at moderate to high disease pressure on susceptible varieties. Similarly, based on a
quantitative synthesis of data from maize fungicide efficacy trials, Paul et al. (2011) concluded that unless the
maize crop is at risk from fungal disease development,
farmers would be advised against applying fungicide
treatments to increase yield. They further concluded that
fungicides were most economically beneficial when used
in fields where conditions were optimal for fungal disease
development.
As expected, the most efficacious fungicides in terms of
disease control, EPO_FLUX_PYRA or FLUX_PYRA, also
had the highest mean yield differences (503.5 and
469.5 kg ha1, respectively [c. 19–20%]) relative to the
nontreated control under high disease pressure (>35%).
This disease severity is comparable to the 33% previously
reported as the level of defoliation above which yield
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M9144RR

NA5909 RG

BMX Potência RR

TMG803

 estimated by network meta-analysis and their 95% confidence intervals (vertical bars) of fungicides CZM =
Figure 7 Yield response (D)
carbendazim; EPO_FLUX_PYRA = epoxiconazole + fluxapyroxad + pyraclostrobin; PROT_TRIF = prothioconazole + trifloxystrobin; (all fungicides
^ncia RR or TMG803. Trials were conducted during 2012–16 in the Brazilian
sprayed three times), on cultivars M9144RR, NA5909 RG, BMX Pote
soybean-growing region.

reduction occurred (Begum & Eden, 1965). However,
despite the high level of disease control efficacy of
EPO_FLUX_PYRA and FLUX_PYRA, the probability of
breakeven was only 0.65  0.01 under high disease pressure at the highest soybean price:fungicide application
cost scenario evaluated in this study. Conversely, despite
its relatively lower disease control efficacy, carbendazim
ended up being a profitable option under both high and
low disease pressure for the same economic scenario. This
was largely due to the low cost of this fungicide, which
resulted in a yield gain of only 123 kg being sufficient to
offset the cost of three applications.
There is a great need for more applied research to better understand how to manage soybean target spot; however, based on the findings here, some basic principles of
target spot management can be established. One of the
main factors than can influence the fungicide yield
response is cultivar selection. For instance, results from a
previous analysis of the data set used in this study
showed that tolerance to target spot varied considerably
among the tested cultivars (authors’ unpublished data).
For M9144 RR, a cultivar with low tolerance to target
spot, yield response was highly dependent on the use of
an effective fungicide, without which yield loss may
occur as a consequence of a reduction in healthy leaf
area caused by the disease. On the other hand, for cultivars such as BMX Pot^encia RR, with a high level of tolerance to target spot, chemical management of target
spot appears to be unwarranted.
However, the fact that Brazilian soybean breeding
programmes have traditionally focused on breeding for

resistance to nematodes, such as the soybean cyst nematode (Heterodera glycines), widespread across the midwestern region of the country, may have resulted in the
development of cultivars with low tolerance and high
susceptibility to C. cassiicola (and other important
pathogens). Growers should avoid planting such cultivars in fields with a history of target spot or close to
fields planted with an alternative host crop such as
cotton (a common situation in the southern states of
the USA).
The results from this study should be interpreted with
caution because sequential applications of the same
fungicide are not recommended as this may lead to the
development of fungicide-resistant isolates in C. cassiicola populations. However, findings from this study
may serve as a guide for estimating and comparing the
range of disease control with the tested fungicides, their
effect on yield, and the likelihood of a return on fungicide investment as a strategy for managing soybean target spot. Therefore, it would be of great relevance to
conduct further experiments to test different fungicide
programmes, such as different combinations of active
ingredients, number of sprays and application timing.
Reducing the number of sprays by one, from three (used
in the UTFs) to two, would reduce application costs and
thus increase the probability of recovering those costs.
Priority should also be given to studying interactions
between cultivar and fungicides, as well as meteorological conditions that are conducive to epidemics of target
spot. Interestingly, in both field experiments conducted
in 2016 in Mississippi (Allen, 2017) and in northern
Plant Pathology (2019) 68, 94–106

Chemical control of soybean target spot

Argentina (De Lisi, 2016), target spot occurred simultaneously with brown spot, suggesting that soybean necrotrophic foliar diseases often occur as a complex. As such,
rarely should a single disease be the focus of a fungicide
application programme. This important aspect of soybean foliar disease epidemics may be taken into account
by evaluating fungicide efficacy for the whole complex of
diseases.

Acknowledgements
The authors thank the National Council for Scientific
and Technological Development (CNPq) of Brazil for
providing a scholarship to J.P.E.M. The authors thank
the network of researchers and technicians from several
Brazilian institutes who contributed to obtain the field
data for conducting this study.

References
Agrofit, 2017. Sistemas de Agrot
oxicos Fitossanitarios – Ministerio da
Agricultura, Pecu
aria e Abastecimento do Brasil. [http://extranet.agric
ultura.gov.br/agrofit_cons/principal_agrofit_cons]. Accessed 10 May
2017.
AgWeb, 2017. Target spot can make Delta soybeans go south in a hurry.
[https://www.agweb.com/advertising/target-spot-can-make-deltasoybeans-go-south-in-a-hurry/]. Accessed 1 June 2017.
Allen T, 2017. Managing target spot of soybean: 2016 – fungicide trial
efficacy results. Mississippi State University, Extension and Research.
[http://www.mississippicrops.com/2017/04/01/managing-target-spotof-soybean-2016-fungicide-trialefficacy-results/]. Accessed 10 May
2017.
Almeida AMR, Machado CC, Ferreira LP, Lehman PS, Antonio H,
1976. Ocorrencia de Corynespora cassiicola (Berk. & Curt.) Wei no
Estado de Sao Paulo. Fitopatologia Brasileira 1, 111–112.
Basso P, Bonaldo SM, Ruffato S, 2015. Avaliacß~ao de fungicidas no
controle de antracnose e mancha alvo, e no rendimento da cultura da
soja. Scientia Agraria Paranaensis 14, 191–199.
Begum A, Eden WG, 1965. Influence of defoliation on yield and quality
of soybeans. Journal of Economic Entomology 58, 591–592.
Belufi L, Kempim F, Pasqualli R, 2015. Avaliacß~ao da efici^encia de
fungicidas aplicados no vegetativo para o controle de mancha alvo
(Corynespora cassiicola) na cultura de soja no Mato Grosso. Lucas do
Rio Verde, Mato Grosso. [http://www.fundacaorioverde.com.br/
publicacoes/88]. Accessed 13 June 2017.
Borenstein M, Hedges LV, Higgins JPT, Rothstein HR, 2010. A basic
introduction to fixed-effect and random-effects models for metaanalysis. Research Synthesis Methods 1, 97–111.
Bradley CA, 2009. Get to know the common foliar diseases of
soybean. Integrated Pest Management at the University of Illinois.
[http://bulletin.ipm.illinois.edu/print.php?id=1201]. Accessed 10 May
2017.
Carrijo DR, 2014. Efeitos Fisiol
ogicos Provocados Pelo Fungicida
Fluxapiroxade, Isolado e em Mistura com a Piraclostrobina, na
Cultura de Soja. S~
ao Paulo, Brazil: Universidade de S~ao Paulo – Escola
Superior de Agricultura ‘Luiz de Queiroz’, MSc thesis. [http://www.te
ses.usp.br/teses/disponiveis/11/11136/tde-25062014-093337/publico/
Daniela_Resende_Carrijo.pdf]. Accessed 18 July 2018.
De Lisi V, 2016. Enfermedades en el cultivo de la soja y su manejo.
Campa~
na 2015/2016. [http://www.eeaoc.org.ar/upload/contenido/pdf/
20160712125604000000.pdf]. Accessed 10 May 2017.
Godoy CV, Utiamada CM, Meyer MC et al., 2012. Efici^encia de fungicidas
para o controle da mancha-alvo, Corynespora cassiicola, na safra 2011/
12: resultados sumarizados dos ensaios cooperativos. Embrapa

Plant Pathology (2019) 68, 94–106

105

Soja-Circular Tecnica (INFOTECA-E). [http://ainfo.cnptia.embrapa.br/
digital/bitstream/item/69328/1/CT94.pdf]. Accessed 20 July 2018.
Godoy CV, Utiamada CM, Meyer MC et al., 2013. Efici^encia de fungicidas
para o controle da mancha-alvo, Corynespora cassiicola, na safra 2012/
13: resultados sumarizados dos ensaios cooperativos. Embrapa SojaCircular Tecnica (INFOTECA-E). [http://ainfo.cnptia.embrapa.br/digital/
bitstream/item/90450/1/CT100.pdf]. Accessed 20 July 2018.
Godoy CV, Utiamada CM, Meyer MC et al., 2014. Efici^encia de
fungicidas para o controle da mancha-alvo, Corynespora cassiicola, na
safra 2013/14: resultados sumarizados dos ensaios cooperativos.
Embrapa Soja-Circular Tecnica (INFOTECA-E). [http://ainfo.cnptia.
embrapa.br/digital/bitstream/item/107814/1/CT104.pdf]. Accessed
20 July 2018.
Godoy CV, Utiamada CM, Meyer MC et al., 2015. Efici^encia de
fungicidas para o controle da mancha-alvo, Corynespora cassiicola, na
safra 2014/15: resultados sumarizados dos ensaios cooperativos.
Embrapa Soja-Circular Tecnica (INFOTECA-E). [http://ainfo.cnptia.
embrapa.br/digital/bitstream/item/128834/1/CT112-1.pdf]. Accessed
20 July 2018.
Godoy CV, Utiamada CM, Meyer MC et al., 2016. Efici^encia de
fungicidas para o controle da mancha-alvo, Corynespora cassiicola, na
safra 2015/16: resultados sumarizados dos ensaios cooperativos.
Embrapa Soja-Circular Tecnica (INFOTECA-E). [http://ainfo.cnptia.
embrapa.br/digital/bitstream/item/146623/1/CT120-ManchaAlvo-OL.
pdf]. Accessed 20 July 2018.
Grichar WJ, 2013. Soybean (Glycine max L.) response to fungicides in
the absence of disease pressure. International Journal of Agronomy
2013, 1–5.
Higgins JPT, Jackson D, Barrett JK, Lu G, Ades AE, White IR, 2012.
Consistency and inconsistency in network meta-analysis: concepts
and models for multi-arm studies. Research Synthesis Methods 3,
98–110.
van Houwelingen HC, Arends LR, Stijnen T, 2002. Advanced methods
in meta-analysis : multivariate approach and meta-regression. Statistics
in Medicine 21, 589–624.
Lu G, Ades AE, 2004. Combination of direct and indirect evidence in
mixed treatment comparisons. Statistics in Medicine 23, 3105–3124.
Machado FJ, Santana FM, Lau D, Del Ponte EM, 2017. Quantitative
review of the effects of triazole and benzimidazole fungicides on
fusarium head blight and wheat yield in Brazil. Plant Disease 101,
1633–1641.
Madden LV, Paul PA, 2011. Meta-analysis for evidence synthesis in
plant pathology: an overview. Phytopathology 101, 16–30.
Madden LV, Piepho H-P, Paul PA, 2016. Statistical models and methods
for network meta-analysis. Phytopathology 106, 792–806.
Olive LS, Bain DC, Lefebvre CL, 1945. A leaf spot of cowpea and
soybean caused by an undescribed species of Helminthosporium.
Phytopathology 35, 822–831.
Paul PA, Lipps PE, Hershman DE, McMullen MP, Draper M, Madden LV,
2008. Efficacy of triazole-based fungicides for fusarium head blight and
deoxynivalenol control in wheat: a multivariate meta-analysis.
Phytopathology 98, 999–1011.
Paul PA, McMullen MP, Hershman DE, Madden LV, 2010. Metaanalysis of the effects of triazole-based fungicides on wheat yield and
test weight as influenced by Fusarium head blight intensity.
Phytopathology 100, 160–171.
Paul PA, Madden LV, Bradley C et al., 2011. Meta-analysis of yield
response of hybrid field corn to foliar fungicides in the U.S. corn belt.
Phytopathology 101, 1122–1132.
Piepho H-P, Madden LV, Williams ER, 2015. Multiplicative
interaction in network meta-analysis. Statistics in Medicine 34,
582–594.
Ploper LD, Gonzalez V, Lisi VDE, Reznikov S, Henriquez DD, Devani MR,
2013. Research on target spot of soybean in northwestern Argentina. In:
WSRC IX. Durban, South Africa, Abstract 409. [https://www.proteinresea
rch.net/imgs/wsrc2013/20-February-session-2/409_ploper-ld.pdf].
Accessed 18 July 2018.

106

J. P. Edwards Molina et al.

Price P, 2017. Target spot of cotton: a lion or a lamb? Louisiana
State University Agricultural Center. [http://www.lsuagcenter.com/
profiles/lbenedict/articles/page1476125612532]. Accessed 10 October
2017.
Ribeiro FDC, Colombo GA, De Carvalho EV, Pel
uzio JM, Erasmo EAL,
2017. Controle quımico da mancha-alvo da soja (Corynespora
cassiicola) no cerrado tocantinense- Brasil. Journal of Bioenergy and
Food Science 4, 26–36.
Scherm H, Christiano RSC, Esker PD, Del Ponte EM, Godoy CV, 2009.
Quantitative review of fungicide efficacy trials for managing soybean
rust in Brazil. Crop Protection 28, 774–782.
Snow JP, Berggren GT, 1989. Target spot. In: Sinclair JB, Backman PA,
eds. Compendium of Soybean Diseases. St Paul, MN, USA: APS Press,
27–28.
Soares RM, Godoy CV, de Oliveira MCN, 2009. Escala diagramatica
para avaliacß~
ao da severidade da mancha alvo da soja. Tropical Plant
Pathology 34, 333–338.
Teramoto A, Meyer MC, Suassuna ND, Cunha MG, 2017. In vitro
sensitivity of Corynespora cassiicola isolated from soybean to
fungicides and field chemical control of target spot. Summa
Phytopathologica 43, 281–289.

Viechtbauer W, 2010. Conducting metaanalyses in R with the METAFOR
package. Journal of Statistical Software 36, 1–48.
Xavier SA, Canteri MG, Barros DCM, Godoy CV, 2013. Sensitivity of
Corynespora cassiicola from soybean to carbendazim and
prothioconazole. Tropical Plant Pathology 38, 431–435.

Supporting Information
Additional Supporting Information may be found in the online version of
this article at the publisher’s web-site.
Table S1. Summary description of the 56 uniform fungicide trials conducted from 2012 to 2016 (harvest year) in the six soybean-producing
states of Brazil (BA = Bahia, GO = Goias, MS = Mato Grosso do Sul,
MT = Mato Grosso, PR = Parana, TO = Tocantins, BA = Bahia). Target
spot severity at R5–R6 means at the unsprayed treatment (TS_check) and
maximum mean soybean yield (YLD_max).
Text S1. A summary of the Uniform Fungicide Network annual
reports and web file links.

Plant Pathology (2019) 68, 94–106

