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The lack of robust estimates of soybean yield losses due to target spot led to this study. The objective was to determine

whether soybean yield at stage R8 (W, expressed as kg ha�1) was related to target spot severity at soybean stage R5–R6 (S,

expressed as %) and to identify variables that could affect this relationship. Plot-level estimates of mean disease severity

and yield from 41 selected Uniform Fungicide Trials carried out in Brazil during 2012–2016 growing seasons were used to

estimate linear regression coefficients for the relationship between yield and target spot severity through random-coefficient

mixed effects model analysis. The overall estimated mean regression intercept and slope were cb0 = 3564 kg ha�1 (disease-

free yield) and cb1 = �17.1 kg ha�1 %�1 (W decrease per percent increase in S), respectively. The model was then refitted

with different covariates to determine their effects on model parameters. b0 was influenced by baseline yield (less than or

greater than 3300 kg ha�1) and b1 was affected by yield response to fungicide treatments. Estimated yield loss at 50% tar-

get spot severity ranged from 8% to 42%. Cultivar also had a significant effect on the magnitude of yield reduction due to

target spot, which ranged from 11% to 42%, depending on the cultivar.
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Introduction

Target spot, caused by Corynespora cassiicola, is a com-
mon foliar disease of soybean in the tropics and subtrop-
ics (Dixon et al., 2009) that sometimes leads to
premature defoliation (Sinclair, 1999). After first being
reported in Brazil in 1976, it was considered a disease of
limited importance for many years (Almeida et al.,
1976). However, due to the widespread adoption of no-
till cultivation practices, sowing of susceptible cultivars
and a reduction in the sensitivity of C. cassiicola to
fungicides with single-site modes of action (Xavier et al.,
2013), the disease has now spread to all major Brazilian
soybean-growing regions (Godoy, 2015) and even to
neighbouring Argentina, where it was the most prevalent
disease during the 2014/2015 growing season (De Lisi &

Ploper, 2016). In the United States, target spot re-
emerged in the southeast in 2004–2005 probably as a
consequence of changes in weather patterns and patho-
gen virulence, and/or the introduction of more suscepti-
ble soybean genotypes (Wrather & Koenning, 2006).
Corynespora cassiicola survives on infected soybean

debris and seed and may remain viable in fallowed fields
for years (Almeida et al., 2001), serving as sources of
primary inoculum for new epidemics. Typical foliar
symptoms develop as reddish-brown, round to irregu-
larly-shaped lesions, often surrounded by yellow halos
ranging in diameter from 10 to 15 mm. Lesions often
develop concentric rings, giving them an appearance that
has led to the common name of the disease: ‘target spot’.
Symptoms are observed first in lower strata of the
canopy, later spreading up the plant (Almeida et al.,
2005). Favourable conditions for target spot develop-
ment commonly occur in Brazil from mid to late season,
at the beginning of the reproductive stage of the crop
when the canopy closes (Teramoto et al., 2013).
This early onset distinguishes target spot from late sea-

son diseases such as frogeye leaf spot (Cercospora
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sojina), brown spot (Septoria glycines) and cercospora
leaf blight (Cercospora kikuchii), that are commonly first
observed at or after grain fill (Carmona et al., 2015).
Reported effects of target spot on soybean yield vary

among studies. For instance, Mesquini (2012) observed
that target spot severity as high as 37% in the lower
plant canopy did not cause yield reduction in a suscepti-
ble cultivar in Brazil. Contrastingly, however, based on
results from a survey carried out in the southeastern USA
in 2006, mean yield loss due to target spot was estimated
at 20%, with a maximum of 40% (Koenning et al.,
2006). The lack of yield response to target spot in the
former study may have been due to the relatively minor
contribution of leaves in the lower canopy to seed forma-
tion and fill, when compared to leaves in the upper
canopy that intercept more light (Sakamoto & Shaw,
1967). However, further research is needed to test this
hypothesis and to formally characterize and quantify
relationships between target spot and soybean yield.
Most published studies on the impact of diseases on

yield (or yield loss) in field crops are based on results
from a single or small number of locations or years. Due
to the narrow range of scenarios under which trials in
such studies are performed, broad conclusions about the
overall magnitude of treatment effects or strength of rela-
tionships among variables may be incorrect or misleading
(Savary et al., 2006). Ideally, to quantify disease–yield
relationships, similar experiments should be conducted in
all geographical areas where the crop is important, over
a period of at least 3 years, using widely cultivated culti-
vars under the range of conditions experienced in farm-
er’s fields (James, 1974). In the case of target spot,
recent increases in disease severity in Brazil (C. V.
Godoy, unpublished observations) have led public and
private research institutions to create a collaborative net-
work of Uniform Fungicide Trials (UFTs) across several
states to evaluate the efficiency of currently approved
and experimental fungicides. A subset of the data from
these UFTs was used in this investigation to: (i) quantify
relationships between target spot severity and soybean
yield, and (ii) identify variables that explain the hetero-
geneity in this relationship.

Materials and methods

Uniform fungicide trials and study selection criteria

A total of 56 target spot UFTs carried out across six Brazilian

states (Bahia, Goi�as, Mato Grosso, Mato Grosso do Sul, Paran�a

and Tocantins) during five growing seasons (2012–2016, years
of harvest) were available to study the relationship between soy-
bean yield and target spot severity. All cultivars used were clas-

sified as susceptible and, except for fungicide treatments and

early sowing date (selected to escape from Asian soybean rust),
all UFTs followed standard agronomic management practices as

described by Godoy et al. (2012, 2013, 2014, 2015, 2016).

Treatments consisted of three or four applications of registered

or experimental fungicides, using CO2-pressurized sprayers, cali-
brated to deliver the product at a volume ranging from 150 to

200 L ha�1.

The evaluated fungicides belonged to the following chemical

groups: demethylation inhibitors (DMI: prothioconazole and epox-
iconazole), quinone outside inhibitors (QoI: trifloxystrobin, pyra-

clostrobin and azoxystrobin), succinate dehydrogenase inhibitors

(SDHI: fluxapiroxade, bixafen and benzovindiflupir), dithiocarba-

mate (mancozeb), methyl benzimidazole carbamates (MBC: car-
bendazim) and inorganic (copper oxychloride). Treatments were

applied either as a stand-alone chemistry (carbendazim, mancoz-

eb), a two-way mixture of a QoI and a DMI, or a QoI and an
SDHI, or a three-way mixture of a QoI, a DMI and an SDHI.

Over the 5 years, four different combinations of six fungicides

with different levels of efficacy against target spot plus a non-

treated check were evaluated (Godoy et al., 2012, 2013, 2014,
2015, 2016). This generated a range of plot-level mean severity

and yield data for subsequent analyses. The first sprays were

applied at 45–50 days after planting (before canopy closure) fol-

lowed by repeat applications at 21-days intervals. Treatments
were arranged in a randomized complete block with four or five

replications. Each plot was 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 the

beginning seed (R5) and full seed (R6) growth stages (Fehr

et al., 1971) with the aid of a diagrammatic scale (Soares et al.,
2009). These soybean growth stages are considered highly sensi-

tive to reductions in leaf area, with important impact on yield

(Fehr et al., 1981). The two centre rows of each plot were har-

vested at full maturity, and yield was adjusted to 13% seed
moisture content and expressed as kg ha�1.

Only those trials in which the range of target spot severity (dif-

ference between the minimum and maximum plot-level mean

severity) was higher than 10% and mean disease severity in the
non-treated check was also greater than 10% were included in the

analysis. An adequate range of disease severity and corresponding

grain yield data is needed to quantify grain yield–disease severity
relationships (Dalla Lana et al., 2015). Trials with soybean rust

were also excluded (n = 3) to minimize the influence of other bio-

tic stresses other than the effect of the target spot on yield. This

resulted in 41 trials being retained for the analysis. Except for two
trials (located in Paran�a state, southern Brazil), all trials were

located in the tropical savanna ecoregion of Brazil known as

Brazilian Cerrado. This region has a semihumid tropical climate,

with annual temperatures between 22 and 27 °C and average
rainfall of 800–2000 mm (Ratter et al., 1997).

Data analysis

Random-coefficient mixed model analysis
To estimate regression coefficients for the relationship between

target spot severity and yield, a mixed effects model was fitted

to the data from the 41 trials, allowing the intercepts and slopes
to vary randomly among trials. This is called random-coefficient

mixed model analysis (Madden & Paul, 2009; Lehner et al.,
2017). For the purpose of this analysis, plot-level mean severity

and corresponding yield data from each of the 41 individual tri-
als were used. The study-specific expectation of yield, i.e. the

mean yield at a given disease level, for each individual study is

given by:

Wij ¼ ðb0 þ u0iÞ þ ðb1 þ u1iÞTSij þ eij (1)

u0i �N 0; su0
2

� �
; u1i �N 0; su1

2
� �

; eij �Nð0; v2eÞ
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where Wij, TSij, and eij are soybean yield at the R8 growth stage,

target spot severity at R5–R6, and residual, respectively, for the
jth observation (plot) within the ith study. b0 and b1 are the popu-
lation average intercept (expressed as kg ha�1) and slope (ex-

pressed as kg ha�1 %�1), respectively, whereas u0i and u1i are the
study-specific random effects of the ith study on the intercept and
the slope, respectively. The latter are considered normally dis-

tributed random variables with mean 0 and variances s2u0 and s2u1 ,
respectively. The error term, eij, is also considered to be normally
distributed with mean 0 and residual variance v2e . The sum of b0
and u0i or b1 and u1i gives the ‘best linear unbiased prediction’

(BLUP) for both parameters, respectively. The lmer function in

the LME4 R package (Bates et al., 2015) was used to fit the data
using the maximum likelihood method.

The random coefficient mixed model in Eqn 1 was expanded

to account for the effects of different covariates on the target

spot–yield relationship as:

Wijk ¼ ðb0 þ dk þ u0iÞ þ ðb1 þ hk þ u1iÞTSijk þ eijk (2)

With the third subscript, Wijk and TSijk now represent yield

and disease severity, respectively, for the jth observation of the

ith study of the kth level of the covariate; dk and hk represent
the fixed effect of kth level of the covariate on the intercept and

slope, respectively. Six covariates that could potentially affect

the relationship between target spot and yield were tested: (i)

year of experiment (from 2012 to 2016); (ii) disease pressure as
a factor variable (DP: Low < 35% ≤ High) based on mean

severity in the non-treated check (Edwards Molina et al., 2018);
(iii) baseline yield as a categorical variable (BYLow ≤ studies

mean yield = 3300 kg ha�1 < BYHigh) based on the mean yield
of the most effective fungicide treatment (epoxicona-

zole + fluxapyroxad + pyraclostrobin) against target spot

(Edwards Molina et al., 2018); (iv) mean yield response, based
on % difference in yield between non-sprayed check and epoxi-

conazole + fluxapyroxad + pyraclostrobin fungicide treatment

(YR, [(yieldTreated � yieldCheck)/yieldCheck] 9 100: Low ≤ 10%-

< High) (Scherm et al., 2009); (v) cultivar growth habit (deter-
minate or indeterminate); (vi) soybean cultivar. To evaluate the

effect of cultivar on the relationship between target spot and

yield, the dataset was reduced to 23 studies, composed of the

three cultivars most frequently used in the UFTs: BMX Potência
RR (n = 8), M9144 RR (n = 8) and TMG8003 (n = 7). The

random-coefficient mixed model was then refitted to the reduced

dataset with cultivar as a categorical covariate (Eqn 2) to deter-

mine the cultivar effect and to estimate regression coefficients
for the relationship between soybean yield and target spot sever-

ity for each selected cultivar. The Akaike information criterion

(AIC) and the likelihood ratio test were used for model evalua-
tion as described by Madden & Paul (2009).

Prediction and relative yield loss
To allow for the comparison of study results with other pub-
lished reports, yield response (and yield loss) was expressed on a

relative scale. For that purpose, a damage coefficient (DC) was

calculated by dividing the estimated slope (kg ha�1 %�1) by the

respective intercept (kg ha�1) and multiplying the quotient by
100 (Dalla Lana et al., 2015). The damage coefficient (%�1)

was then used to predict relative crop loss at any level of target

spot severity as:

Li ¼ b1
b0

100

� �
TSi (3)

where Li is the yield reduction (%) for the ith level of target

spot severity (TSi), and b0 and b1 are population average inter-
cept and slope, respectively, estimated from the fit of the

random-coefficient model (Eqns 1 or 2) to the data. For exam-

ple, one can predict the potential yield loss at the maximum

level of target spot severity commonly observed at the field
(50%), L50, using Eqn 3.

Results

Variables description for primary studies

Considerable variability was observed among the 41
selected studies in terms of target spot severity (means in
the non-treated plots ranged from 11% to 52.6%, with a
median of 29.4%; Fig. 1a) and soybean yield (means in
the epoxiconazole + fluxapyroxad + pyraclostrobin trea-
ted plots ranging from 2134 to 4401 kg ha�1, with a
median value of 3537 kg ha�1; Fig. 1b). Considering all
plots (treated with fungicides varying in efficacy), median
soybean target spot severity was 13.7% and median soy-
bean yield was 3366 kg ha�1 (Fig. 2). With the excep-
tion of three studies, there was a general trend towards a
negative linear relationship between soybean yield and
target spot severity (Fig. 2). The study-specific linear
regression intercepts and slopes ranged from 2203 to
4850 kg ha�1 and from �60.8 to 9.1 kg ha�1 %�1,
respectively.

Population average regression coefficients

A significant likelihood ratio test (P < 0.001) and
AIC = 21804 suggested that the model (Eqn 1) allowing
the intercepts and slopes to (randomly) vary across stud-
ies was the best model to summarize the overall rela-
tionship between soybean yield and target spot severity.
The estimated population-average regression intercept
was 3564 kg ha�1 and the slope was �17 kg ha�1 %�1

(Table 1; Fig. 3a). With the estimated regression coeffi-
cients, the damage coefficient was calculated as
0.48 %�1 which, based on Eqn 3, would represent a
yield loss of 12% at 25% (L25) and 24% at 50% sever-
ity (L50). BLUP histograms showed a slight left-skewed
distribution for the intercepts, with the highest accumu-
lation from 3000 to 4000 kg ha�1 (Fig. 3b), and a
bimodal distribution of the slopes (Fig. 3c).

Effects of covariates on the target spot–yield
relationship

Two of the five tested covariates had a significant effect
on the relationship between target spot severity and soy-
bean yield: baseline yield significantly affected the inter-
cept (P < 0.001), whereas yield response affected the
slope (P < 0.001). Therefore, based on results from the
fit of Eqn 2, the overall model was split into four regres-
sion equations to account for the effects of these covari-
ates (Table 1; Fig. 4).
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Figure 1 Histograms showing the distribution of observed mean target spot severity in non-treated check plots (a), and soybean yield for a

reference fungicide treatment (epoxiconazole + fluxapyroxad + pyraclostrobin) (b), across 41 selected Uniform Fungicide Trials performed in Brazil

from the 2012 to 2016 growing seasons. Horizontal white boxplots indicate interquartile range (IQR) and thick black lines within the boxplots are the

median values.
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Figure 2 Regression lines for relationships between soybean yield and target spot severity for 41 Uniform Fungicide Trials performed in Brazil from

the 2012 to 2016 growing seasons. Histograms at the top and right show the distributions of target spot severity (horizontal) and soybean yield

(vertical), respectively. Dotted lines extending from the histograms to the x- and y-axes represent median target spot severity and soybean yield,

respectively.
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Yield ðBYLow YRLowÞ
¼ 2932 kg ha�1 � 6:3kg ha�1%�1 � TS

Yield ðBYLow YRHighÞ
¼ 2932 kg ha�1 � 23:7 kg ha�1%�1 � TS

Yield ðBYHigh YRLowÞ
¼ 3916 kg ha�1 � 6:3 kg ha�1%�1 � TS

Yield ðBYHigh YRHighÞ
¼ 3916 kg ha�1 � 23:7kg ha�1%�1 � TS

The damage coefficients (DC) for each combination
are presented in Figure 4. The highest DC value,
0.81 %�1

, was estimated for the combination of
BYLow + YRHigh, which corresponded to an estimated
L50 of 40.5%; followed by the BYHigh + YRHigh combi-
nation, with a DC of 0.6 %�1 and a L50 of 30%; the
BYLow + YRLow combination with a DC of 0.22 %�1

and L50 of 11%; and finally the combination of
BYHigh + YRLow, with a DC of 0.16 %�1 and L50 of
8%.
For the reduced dataset, it was evaluated whether cul-

tivars BMX Potência RR, M9144 RR or TMG803 were
equally distributed across the combination of the covari-
ates BY and YR. Cultivar BMX Potência RR was
predominant in studies with BYLow + YRLow (5 of 8
studies); cultivar M9144 RR was predominant in
BYLow + YRHigh (7 of 8 studies); whereas TMG803 was
more equally distributed across the four combinations of
the two covariates (Figs 5 & S1). Cultivar had a signifi-
cant effect on both the intercept (P = 0.003) and slope
(P = 0.03) of the target spot–yield relationship. The esti-
mated coefficients are presented in Table 2 and the

damage coefficients in Table 2 and Figure 5. There was
considerable variability in yield loss among the cultivars,
with BMX Potência RR being the most tolerant cultivar
(L50 = 10%); M9144 RR the least tolerant (L50 = 41%)
and TMG803 intermediate (L50 = 18.5%).

Discussion

Target spot has the potential to cause significant yield
loss in a soybean crop. However, the magnitude of this
effect is known to be inconsistent, with reports of no loss
in some studies (Faske & Kirkpatrick, 2011; Ploper
et al., 2013) to as much as 40% yield reduction in other
cases (Koenning et al., 2006). This study observed poten-
tial yield losses of soybean due to target spot which were
similar to the reported range, i.e. from 8% to 40.5%.
However, findings from the current study will help to
explain the specific conditions under which low or high
yield losses due to target spot may occur.
As suggested by James (1974), in order to incorporate

effects of a wide range of growing conditions, data was
taken from 41 UFTs collected over five growing seasons
across the main Brazilian soybean production region. To
the authors’ knowledge, this is the first study to estimate
and model the damage caused by target spot on soybean
yield across multiple locations and years. A damage coef-
ficient was observed of 0.48 %�1 (kg ha�1 of soybean
per percentage increment of target spot severity, based
on a disease-free yield of 3564 kg ha�1), which corre-
sponds to a potential yield loss of 24% at 50% target
spot severity. This yield loss level is within the range of
values previously reported for this disease (Koenning
et al., 2006). The most efficient fungicides to control tar-
get spot in the main Brazilian soybean-growing region
were the mixture of fluxapyroxad + pyraclostrobin (from
SDHI and QoI chemical groups, respectively) and this
same mixture with the addition of the DMI fungicide
epoxiconazole (Edwards Molina et al., 2018). These
mixtures provided up to 75% disease control, with a 19–
20% yield increase over non-treated plots when disease
severity was greater than 35%.
The overall findings from this study should be inter-

preted with caution, as the damage caused by target spot
depends on the specific environmental and agronomic
conditions (Sinclair, 1999). For instance, in this study,
the best target spot–yield models were those in which
parameters for the effects of baseline yield and yield
response on the coefficients were included. With these
models, a wide range of potential losses, from 8–11% to
30–40.5%, was observed. Then, two distinct scenarios
can be considered: one in which there is little or no dam-
age caused by target spot and another with highly signifi-
cant losses due to target spot. For the first scenario,
fungicide applications may not be profitable. However,
for the second, fungicides would be strongly recom-
mended to protect against target spot. Baseline yield,
also considered by Faske & Kirkpatrick (2011), was sig-
nificant in the models, suggesting that the use of high-
yielding soybean cultivars under suitable edaphoclimatic

Table 1 Linear regression coefficients for the overall model and the full

model for the relationship between soybean yield and target spot

severity, including significant moderator variables.

Coefficient Estimatea SE CILow CIHigh

Overall model

Intercept 3564 99.36 3376 3753

Slope �17.1 2.27 �21.4 �12.5

Full model

BYLow
a

Intercept 2932 99.1 2737 3125

BYHigh

Intercept 3916 143.3 3770 4063

YRLow
b

Slope �6.34 2.73 �11.1 �1.6

YRHigh

Slope �23.7 2.55 �27.9 �19.3

aBY, baseline yield, based on the yield of the reference fungicide treat-

ment (Low < 3300 kg ha�1 ≤ High).
bYR, yield response, based on the % increment of the reference fungi-

cide relative to the non-treated check (Low < 10% ≤ High).
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conditions may be a useful practice for minimizing yield
losses due to target spot.
In this study, variability in the relationship between

target spot and soybean yield was attributed primarily to
two factors, baseline yield and yield response (i.e. yield
response to an effective reference fungicide treatment).
Several environmental factors could affect yield response
to fungicide treatments, and as a result, influence the
relationship between disease and yield. One such factor
would be moisture availability during critical stages of
crop growth such as between R3 and R5 (critical for
grain development). For instance, above-normal seasonal
rainfall is known to be beneficial for both crop growth
and disease development, which, as a consequence, may
lead to differences in yield response between fungicide-
protected and unprotected plots.

Agronomic practices may also affect yield response
to fungicides, and consequently, the relationship
between target spot severity and yield, including row
spacing, plant population, and tillage practices (among
others). This may be due in part to direct or indirect
effects of these practices on crop growth and disease
development. For instance, Copper (1989) reported
that yield response to benomyl treatment (fungicide not
available on the market at present) for septoria brown
spot control in soybean tended to be greater in a
17 cm row width than in a 75 cm row width. Treating
plots with pyraclostrobin for frogeye leaf spot control
led to yield gains ranging from 1% to 17% in soybean
fields that were tilled but no yield gain was observed
in no-till fields (Mengistu et al., 2014). The heterogene-
ity of yield response to fungicide in these two cases
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Figure 3 (a) Overall fitted linear regression

line and 95% confidence interval (black solid

and grey shaded area) and study-specific

lines (grey lines) for relationships between

soybean yield and target spot severity for 41

fungicide studies performed in Brazil from

the 2012 to 2016 growing seasons; and

histograms showing (b) the distribution of

linear regression intercepts and (c) slopes

across the 41 studies.
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were clearly linked to differences in cropping practices.
However, based on the fact that very similar protocols
were used in the UFT evaluated in the present study,
differences in crop management practices are probably
not a good explanation for the observed effect of yield
response on the relationship between target spot and
soybean yield.
Zadoks & Schein (1979) defined ‘tolerance’ as plant

internal factors that allow some cultivars to suffer less
damage than others at the same level of injury. When
comparing crop loss results among cultivars, b1 from lin-
ear regression analysis of the relationship between dis-
ease and yield (loss) could be used as a measure of the
tolerance of a cultivar to a given disease (Madden et al.,
2007). It was observed that for cultivar BMX Potência

YRLow = 0.22

YRHigh = 0.81

YRLow = 0.16

YRHigh = 0.60

Baseline yield: low Baseline yield: high

Figure 4 Prediction lines and 95%

confidence interval (grey-dashed area) for

the fitted linear regression models for

relationships between target spot and

soybean yield, including the covariates

baseline yield (BY; Low ≤ 3300 kg ha�1

< High) and yield response (YR; Low ≤ 10%

yield increase with the reference

fungicide < High), solid or dashed lines

respectively. Damage coefficients

(DC = slope⁄intercept 9 100) for each

combination of factors are shown within each

plot.

Figure 5 Fitted regression lines for

relationships between target spot and

soybean yield for cultivars BMX Potência RR,

M9144 RR and TMG803 (black lines, and

95% confidence interval in grey shaded

area) and observed study-specific models

(grey lines). Damage coefficient (DC = slope⁄

intercept 9 100) for each cultivar represents

the yield damage in kg ha�1 for each %

increment in target spot severity.

Table 2 Predicted intercepts (cb0 ) and slopes (cb1 ) for the selected

soybean cultivars and their statistics.

Cultivar

Regression coefficient

cb0 SEa cb1 SE DCb L50 (%)c

BMX Potência RR 3850 233.9 �8.31 3.96 0.22 11.0

M9144 RR 2992 324.0 �25.1 5.43 0.84 42.0

TMG803 3726 332.4 �13.7 5.27 0.37 18.5

aSE, standard error of the estimated b coefficient.
bDC, damage coefficient calculated by dividing the estimated slope

(kg ha�1 %�1) by the estimated intercept (kg ha�1) and multiplying the

quotient by 100.
cL50, percentage yield reduction at hypothetical 50% target spot

severity.
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RR, there was a weak relationship between yield and dis-
ease severity, as made evident by a relatively small dam-
age coefficient when compared to other cultivars. A
small damage coefficient, as defined in this study, reflects
a low rate of reduction in yield per percentage increase
in disease severity (the slope) relative to the estimated
yield in the absence of disease (the intercept). For BMX
Potência RR, at the maximum level of target spot com-
monly observed in soybean fields (50%), yield loss was
only 11%. At the other extreme, grain yield in cultivar
M9144 RR was dramatically affected by target spot,
with a yield loss of 42% at 50% target spot severity.
These results corroborate the maximum reported yield
losses due to this disease (Koenning et al., 2006), and
are probably a reflection of differences in tolerance
among the cultivars. However, further studies should be
done to explore which compensation mechanisms allow
BMX Potência RR to maintain fairly stable yields across
increasing levels of target spot severity.
Cultivar growth habit (determinate or indeterminate)

did not affect the regression coefficients nor the correla-
tion between target spot severity and soybean yield (data
not shown). Similar results were obtained by Copper
(1989), suggesting that yield reductions due to septoria
brown spot (and target spot in this case) vary with geno-
type, but were not specifically associated with growth
habits.
Damage coefficients of 0.6–0.73 %�1 were estimated

for soybean rust and 0.49 %�1 for white mould (Dalla
Lana et al., 2015; Lehner et al., 2017). Based on the
overall damage coefficients of 0.48 %�1, target spot
could be classified as a disease of intermediate impor-
tance. Using a reference baseline soybean yield of
3500 kg ha�1, yield reductions of 168, 172 and
212 kg ha�1 would be expected for each 10% increment
of target spot severity, white mould incidence and Asian
rust severity, respectively. However, if a target spot toler-
ant cultivar such as BMX Potência RR were planted, the
corresponding yield reduction would be predicted to be
77 kg ha�1, compared to 294 kg ha�1 if a less tolerant
cultivar such as M9144 RR is used.
The wide variability of C. cassiicola populations

(Dixon et al., 2009), continuous cultivation of suscepti-
ble varieties in no-till systems, and the use of ineffective
fungicides such as carbendazim for disease control
(Xavier et al., 2013), provide favourable conditions for
continuous multiplication of C. cassiicola accompanied
by selection for more aggressive strains in different soy-
bean production environments. Based on the present
findings, cultivar selection will be a key component of
integrated management programmes for target spot. Fur-
ther studies should be performed with several cultivars
under the same or similar environmental conditions to
assess resistance and tolerance. The environmental com-
ponent remains a clear research priority for understand-
ing how target spot epidemics can result in yield
damage. This information is needed to gain a better
insight for growers using fungicides as a profitable tool
in sustainable agrosystems.
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