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ABSTRACT

The objectives of this study were to evaluate the influence of soybean cultivar of two maturity groups, early/semi-early (E) or
intermediate (I), on the management of Asian soybean rust (ASR) with fungicides and yield. Field trials were conducted during the
2006/07 and 2007/08 growing seasons. Seven cultivars of the two groups were tested in the first season and eight in the second season. All
cultivars had plots that were treated (T) or non-treated (NT) with a commercial mixture of pyraclostrobin + epoxiconazole. ASR severity
(%) was visually assessed several times during the crop cycle and yield (kg ha') was determined at harvest. Values of the standardized
area under the disease progress curve (AUDPC) calculated from the severity assessments was higher in 2007/08 than in 2006/07, but no
differences were found between cultivars of the E and I maturity groups. Differences in yield between between T and NT plots were lower
in cultivars of the E group than those of the I group in both the 2006/07 (37.6% and 52.8% respectively) and the 2007/08 season (56.9%
and 85.0%, respectively). A higher stability in yield was found for cultivars of the E maturity group compared to those of the I group.
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INTRODUCTION

Asian soybean rust (ASR), caused by Phakopsora
pachyrhizi Syd. & P. Syd., is among the most important
diseases that threaten soybean [Glycine max (L.) Merrill]
production worldwide (Arias, 2004; Embrapa Soja, 2008).
In South America, ASR was first reported in Brazil during
the 2000/01 season (Yorinori et al., 2005), furthering
spread into other regions of the continent. However, major
economic impact of the disease has been reported in Brazil,
Paraguay and Bolivia, where climatic conditions are often
favorable for ASR epidemics (Yorinori et al., 2005).

Climatic factors play a key role in ASR epidemics.
Continuous leaf wetness due to dew or rainfall under the
optimal range of temperature (18 to 26.5°C) favors disease
development (Melching et al., 1989; Alves et al., 2006).
In field epidemics, rainfall plays a major role in disease
development (Del Ponte et al., 2006).

The recommended practices to manage the disease
include avoiding inter-seasonal cropping and applying
fungicides preventatively or as soon as the disease is detected
in the field. Also, earliness of sowing time, whenever
possible, and use of cultivars of the early maturity group are
recommended practices based on the avoidance principle
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(Arahana et al., 2001; Bergamin Filho et al., 1995). The
objective of this study was to evaluate the combined effect
of soybean cultivars of the early and intermediate maturity
groups and a standard fungicide treatment on disease
development, control efficacy and soybean yield.

MATERIAL AND METHODS

A two-year experiment was conducted at the research
center of Melhoramento & Genética Ltda. (TMG), located
in Cambé, Parana state, Brazil (23°16°33”'S, 51°16°42”W,
elevation 650 m). The soil was classified as a dark red
eutrophic oxisol (Brazilian classification: Latossolo Roxo
Eutrdfico). The first trial was sown on 02/12/2006 and the
second on 05/12/2007, respectively. Seeds were treated with
a commercial product based on a mixture of carbendazim
and thiram (200 mL c.p. 100/kg seeds). As to fertilizers, 300
kg/ha of NPK 0-20-20 was applied. Insect pests and weeds
were controlled as needed.

The experiments were set in a complete randomized
block design with three replications (plots). Each plot
consisted of four 5-m rows spaced at 0.5 m. Data were
collected in the two middle rows. Seven and eight cultivars
were tested in the first year and second year, respectively,
and they represented three maturity groups (Table 1). In
both trials, plots were either non-treated (NT, or a check
treatment) or treated (T) with a commercial mixture of
pyraclostrobin + epoxiconazole (66.5 g plus 25 g i.a./ha,
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respectively). In both years, T plots were sprayed five
times at a 15-day interval. The first spray was made 44
and 41 days after sowing (DAS) in 2006/06 and 2007/08
season, respectively. Fungicides were applied using a CO,
backpack sprayer (Teejet XR 11002) with a 2 m spray boom
and four nozzles spaced at 0.5 m. The volume of fungicide
was equivalent to 300 L/ha.

ASR epidemics developed naturally in the trials.
Disease severity was evaluated weekly after disease
detection. Percent diseased area was estimated with the aid
of diagrammatic scale (Godoy et al., 2006) in a sample
of leaves taken from the lower, middle and upper canopy
height at four randomly selected points in the plots. The
severity data estimated over time were used to calculate the
area under the disease progress curve (AUDPC) (Campbell
& Madden, 1990), which was standardized (divided by
epidemic duration in days) (Fry, 1977) to compare cultivars
of different maturity groups.

The number of days required to reach maturity stage
(R9) was estimated with the aid of a modified (Yorinori,
1996) scale that describes soybean phenology (Ritchie
et al., 1982). The developmental stage of each plot was
recorded during each severity assessments. Plots were
harvested and threshed mechanically and thousand grain
weight and moisture content were determined for each
plot. Yield was calculated in kg/ha and corrected for 13%
moisture content.

The two experiments were analyzed independently.
AUDPCs and yield data were subjected to analysis of
variance and the means compared using Scott-Knott’s test
(Silva et al., 1999). Attainable yield was determined based
on the difference in yield between T and NT plots and
significance of the difference was assessed using a Tukey’s
test. Statistical analyses were carried out using SASM-Agri
software (Canteri et al., 2001).

RESULTS AND DISCUSSION

First symptoms of ASR (<0.1% severity) were found
in both seasons at around 60 DAS, or between Vn to R2
stages depending on the variety. Mean AUDPC was higher in
2007/08 than in 2006/07 in the NT plots (Table 2), possibly
due to differences in the meteorological conditions between
seasons (Figure 1). The mean temperature during specific
stages of crop development, in both years, was within the
favorable range (18 to 26.5°C) for the development ASR
epidemics (Alves et al., 2006; Melching et al., 1989;
Yorinori et al., 2004). However, 2006/07 was in general
warmer than 2007/08 during the crop cycle (Figure 1A).

The availability of water is critical for soybean
development, especially from sowing to emergence
(S-Emerg) and from flowering to grain filling (R2-R6),
periods that require on average 7 to 8 mm.day 1 (Embrapa
Soja, 2008). In both years, early-season rainfall was
sufficient to support crop development and favor the
onset of ASR epidemics. In 2006/07 season, for example,
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cumulative rainfall (888.2 mm) was above the threshold
that maximizes soybean yield (480 to 800 mm) (Embrapa
Soja, 2008). In 2007/08, although cumulative rainfall was in
that optimal range (716 mm), rainfall events were unevenly
distributed with periods of severe drought (< 1mm/day)
recorded from R2 to R4 stages (Figure 1B).

In polycyclic epidemics caused by Phakopsora
pachyrhizi, differently from other diseases, lesion growth
is the result of increasing numbers of uredinia over the
already existing lesions for as long as six weeks (Melching,
1979; Bergamin Filho, 2006). Hence, the disease is able
to continue development due the high number of latent
infections even under less favorable wetness conditions for
new infections. Moreover, since older lesions are capable of
reallocating energy for uredinia formation, a large reservoir
of inoculum will be available to disperse and infect the
plant in the next rainfall event. These may partially explain
the higher mean final severity found in the second season
(Table 2), although the dry periods in the mid-season (Figure
1B). Mean severity in the NT plots of all varieties increased
considerably (6% to 31%) between 78 and 85 DAS in
2007/08 and only modestly (5.2% to 8.3%) between 82 and
89 DAS in 2006/07 (data not shown).

Cultivars of the early and intermediate maturity
groups were not discriminated by the AUDPC values
(Table 2). Literature data shows that ASR epidemic rates
are influenced by the stage of the soybean crop (Tschanz &
Wang, 1985; Hartman et al., 1991). Hence, early maturing
genotypes are as susceptible as late maturing ones when
compared at the same stage of development and under
similar inoculum pressure and environmental conditions.
Although the differences in days to mature among the
cultivars tested in this study, the disease developed similarly.
This may be related to the high demand for photoassimilates
and nutrients during reproductive stages, not impairing its
capability to limit disease progress (Yujun, 1991; Andrade
& Andrade, 2010).

ASR control averaged around 46% in 2006/07 and
80% in 2007/08. Such differences in control efficacy may
also relate to environmental differences between seasons.
Although drier, the second season had lower temperature
compared to the first season. These conditions in 2007/08
may have prevented loss of fungicide due to rainfall or
evaporation, thus leading to a better control compared to
the previous seasons when AUDPC values did not differ
between NT of some varieties and T of other varieties
(Table 2).

The rationale for using early-maturity varieties for
managing ASR is to decrease the time period for epidemic
development, thus preventing yield loss by the disease. In
both years, differences in yield between T and NT plots
for early/semi-early maturity cultivars were lower (37.57%
and 56.9%) than those of intermediate maturity cultivars
(52.77% and 84.9%). The three semi-early cultivars also
showed attainable yield equal or higher than intermediate
cycle cultivars in both seasons (Table 3). Since genotype
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FIGURE 1 - Mean values of temperature (°C), rainfall (mm) and relative humidity (%) during specific soybean developmental stages:
sowing-emergence (S-Emerg), emergence-full bloom (Emerg-R2), full bloom-pods 2-4 cm (R2-R4), pods 2-4 cm-pods 75-100% filled
(R4-R5.5), pods 75-100% filled-up to 50% leaf and pod yellowing (R5.5-R7.1), during the 2006/07 and 2007/08 cropping seasons.

sensitivity to environment plays a major role in crop conditions favorable for ASR epidemic and fungicide
performance (Rocha & Vello, 1999), the semi-early control is important for planning decisions of which variety
yielded better than other cultivars in this study. Knowledge to use and when to plant, with the aim to maximize yield
on the performance of the different maturity groups under and profits.
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TABLE 1 - Main characteristics of the soybean cultivars evaluated during the 2006/07 and 2007/08 cropping seasons.

Cultivar Maturity group® Regions of adaptation
(Brazilian states)
BRS 133 Intermediate Santa Catarina, Sdo Paulo, Parana and Mato Grosso do Sul
Msoy 8001 Intermediate South, Sdo Paulo, Mato Grosso do Sul, Minas Gerais and Goias
BRS 231 Intermediate Santa Catarina, Sdo Paulo and Parana
BRS 258 Intermediate Santa Catarina, Sdo Paulo and Parana
BR 36 Semi-early Santa Catarina and Parana
BRS 232 Semi-early Santa Catarina, Sdo Paulo and Parana
BRS 257 Semi-early Santa Catarina, Sdo Paulo and Parana
CD 214RR Early Santa Catarina, Sao Paulo, Parana, Rio Grande do Sul and

Mato Grosso do Sul

“Maturity group: early (up to 115 days after emergence - DAE); semi-early (116 to 125 DAE); intermediate (126 to 137 DAE).

TABLE 2 - Standardized area under disease progress curve (AUDPC) for soybean cultivars of different maturity groups in plots untreated
(NT) and treated (T) with piraclostrobin plus epoxiconazole in the 2006/07 and 2007/08 cropping seasons.

2006/07 2007/08

Cultivar Cycle* NT T NT T

BRS 133 Intermediate 31.70 a* 23.12 b 44 .48 a 11.91 c
Msoy 8001 Intermediate 31.86 a 18.07 b 50.59 a 13.82 c
BRS 231 Intermediate 32.72 a 20.54 b 45.68 a 10.80 c
BRS 258 Intermediate 24.92 b 10.16 c 44.67 a 6.55 c
BR 36 Semi 31.62 a 16.95 b 34.65 b 3.43 d
BRS 232 Semi 23.34 b 9.30 Cc 4431 a 7.66 c
BRS 257 Semi - - - - 38.37 b 8.31 c
CD 214RR Early 25.34 b 10.17 c 46.55 a 9.14 [
Mean - 28.78 - 15.47 - 43.66 - 8.95 -
C.V. (%) - 7.91 15.02

“Maturity group: early (up to 115 days after emergence - DAE); semi-early (116 to 125 DAE); intermediate (126 to 137 DAE)
*Means followed by the same letter did not differ in the Scott-Knott test at 1% probability.

TABLE 3 - Yield (kg ha') in plots untreated (NT) and treated (T) with pyraclostrobin plus epoxiconazole, respective differences and
percentage differences during the 2006/07 and 2007/08 cropping seasons for soybean cultivars of different maturity groups.

2006/07 2007/08
Cultivar Treat. kg ha™ Difference % kg ha™ Difference %
T-NT* difference T -NT difference
BRS 133 NT 123121 4 1787.35%* 59.21 428.94 g 2750.14%* 86.51
T 301856 b - - 3179.08 b - -
Msoy 8001 NT 119092 d 1431.68* 54.59 207.90 g 2467.57** 92.23
T 2622.60 ¢ - - 2675.47 [ - -
BRS 231 NT 119047 d 1158.52% 49.32 408.28 g 2665.74%* 86.72
T 234899 ¢ - - 3074.02 b - -
BRS 258 NT 199438 ¢ 1838.97* 47.97 870.17 f 2530.24%* 74.41
T 383335 a - - 3400.41 b - -
BR 36 NT 2547.14 ¢ 1689.30* 39.88 177449 d 2174.00%* 55.06
T 423644 a - - 3948.49 a - -
BRS 232 NT 218548 ¢ 1265.48* 36.67 1338.18 e 2584.27** 65.88
T 345096 b - - 3922.45 a - -
BRS 257 NT - - - - 1651.27 d 1740.87** 51.32
T - - - - 3392.14 b - -
CD 214RR NT 166222 d 941.75% 36.17 1285.01 e 1605.60* 55.55
T 260397 ¢ 2890 61 c - -
C.V. (%) 15.93 8.71

* Means followed by the same letter did not differ in the Scott-Knott test at 1% probability.
a* significant at 5%; **, significant at 1% in Tukey’s test.
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