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ABSTRACT 

A model to estimate yield loss caused by Asian soybean rust (ASR) 
(Phakopsora pachyrhizi) was developed by collecting data from field  
experiments during the growing seasons 2009/10 and 2010/11, in Passo 
Fundo, RS. The disease intensity gradient, evaluated in the phenological 
stages R5.3, R5.4 and R5.5 based on leaflet incidence (LI) and number 
of uredinium and lesions/cm2, was generated by applying azoxystrobin 
60 g a.i/ha + cyproconazole 24 g a.i/ha + 0.5% of the adjuvant Nimbus. 
The first application occurred when LI = 25% and the remaining ones 
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at 10, 15, 20 and 25-day intervals. Harvest occurred at physiological 
maturity and was followed by grain drying and cleaning. Regression 
analysis between the grain yield and the disease intensity assessment 
criteria generated 56 linear equations of the yield loss function. The 
greatest loss was observed in the earliest growth stage, and yield loss 
coefficients ranged from 3.41 to 9.02 kg/ha for each 1% LI for leaflet 
incidence, from 13.34 to 127.4 kg/ha/1 lesion/cm2 for lesion density 
and from 5.53 to 110.0 kg/ha/1 uredinium/cm2 for uredinium density.
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Um modelo para estimar os danos causados pela ferrugem asiática da soja 
(FAS) (Phakopsora pachyrhizi), foi desenvolvido a partir de dados experimentais 
de campo coletados nas safras 2009/10 e 2010/11, em Passo Fundo, RS. O 
gradiente da intensidade da doença, avaliado nos estádios fenológicos R5.3, 
R5.4, e R5.5, através de incidência foliolar (IF) e do número de urédias e de 
lesões/cm2, foi gerado pela aplicação de azoxistrobina 60 g i.a/ha + ciproconazol 
24 g de i.a/ha + 0,5% do adjuvante Nimbus. A primeira pulverização foi realizada 
com uma IF = 25% e as demais espaçadas de 10, 15, 20 e 25 dias. A colheita 
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RESUMO

foi realizada na fase de maturação fisiológica, seguido por secagem de grãos e 
de limpeza. A análise de regressão realizada entre o rendimento de grãos e os 
critérios de avaliação da intensidade da doença, gerou 56 equações lineares da 
função de dano. Os maiores danos foram observados no estádio mais precoce de 
avaliação, sendo que para incidência foliolar os coeficientes de danos variaram 
de 3,41 a 9,02 kg/ha para cada 1% de IF, para a densidade de lesões variaram 
de 13,34 a 127,4 kg/ha/1 lesão/cm2 e para densidade urédias variaram de 5,53 
a 110,0 kg/ha/1 uredia/cm2. 

Keywords: Glycine max, Phakopsora pachyrhizi, economic yield loss  threshold.

Soybean [Glycine max (L.) Merrill] crop has been affected by 
several diseases caused by fungi, bacteria, viruses, and nematodes. 
Among them, the Asian soybean rust (ASR) caused by Phakopsora 
pachyrhizi Sydow & Sydow., is important for its widespread occurrence 
and high potential to cause significant yield losses (4, 8, 17). 

In the available literature, there are no scientific reports on the 
quantification of yield loss caused by ASR in Brazil, although Godoy 
et al. (6) have reported that it can reach up to 80% in some regions. 

There are few effective measures to control ASR. So far, the main 
tool to prevent economic loss in the crop has been the application of 
fungicides to soybean foliage (13). However, in many cases, fungicide 
are applied when not needed or without any scientific support (11).

Considering plant disease epidemics, damage quantification should 
be a first priority, however, few studies have quantified the disease 
effects on soybean grain yield. One study has been published showing 

the relationship between the loss  caused by plant diseases to healthy 
leaf area and the absorption of solar radiation by healthy leaf area (19). 
The critical-point type model is particularly useful when a specific plant 
growth stage in which disease intensity is highly correlated to future 
loss can be identified (1, 8, 9). Thus, in practice, a simple model can 
be applied to estimate the loss caused to the host by a specific disease 
according to the host’s phenological stage and the disease intensity. 

To determine the loss caused by one or more diseases, the 
relationship between disease severity and loss is generally analyzed 
by using computer models such as the critical point, multipoint, 
integrated, response surface and synecologyc models (2). Hartman 
et al. (7) proposed a model related grain yield to estimated disease 
severity. In the model of Yang et al. (21), defoliation percentage is 
related to disease intensity, but this may not be accurate approach since 
estimated severity is a subjective method, difficult to be used for ASR, 
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and defoliation can have causes than ASR. 
The relationship between yield and disease intensity should be 

established in order to obtain the loss function, which can assist in 
decision making for fungicide application. 

Our hypothesis is that, although loss due to ASR is considered high, 
it can be scientifically established by using the critical-point model. The 
aims of this study were to relate soybean rust intensity (leaflet incidence, 
lesion and uredinium densities) to grain yield in different phenological 
stages of the crop based on the critical-point model. 

MATERIAL AND METHODS

 The experiments were conducted at the experimental field of 
Faculty of Agronomy and Veterinary Medicine, University of Passo 
Fundo, RS, at two sowing times and in the growing seasons 2009/2010 
and 2010/2011.  In the growing season 2009/2010, the first and second 
sowing time were 11/26/2009 and 12/11/2009, respectively, while in 
the growing season 2010/2011, the first and the second sowing times 
were 11/12/2010 and 12/01/2010, respectively.

The soybean cultivars used in this study were BRS GO 7560 
resistant to ASR and belonging to the 7.5 maturation group, and BRS 
246 RR, susceptible and belonging to 7.2 maturation group. 

Soybean seeds were treated with thiamethoxam (0.15 L/100 kg 
seed) + fludioxonil + metalaxyl (0.10 L/100 kg seed + 0.10 L/100 kg 
seed) and directly sown into oat straw. The soil was fertilized with 
300 kg/ha of 05-20-20 (N-P

2
O

5
-K

2
O). Manual weed control for BRS 

GO 7560, was conducted in the vegetative stage V3 and V8 (  15) in 
both years and the two sowing times. For BRS 246 RR, weed control 
was performed by means of two applications of glyphosate at 2.0 L/
ha, in the vegetative stages V3 and V8. For insect control, insecticide 
thiamethoxam + lambda-cyhalothrin at 0.25 L/ha  was applied in the 
reproductive stage R1 and in the stage R5.

For loss quantification, it was necessary to generate an ASR 
infection intensity gradient. This was accomplished through the 
applying of azoxystrobin (60 g a.i/ha) + cyproconazole (24 g a.i/ha) + 
0.5% of the adjuvant Nimbus, combined with different spray intervals 
(16). Fungicide applications were performed with a precision sprayer, 
with a constant pressure of 30 L/pol2 generated by CO

2
 gas. The device 

contained a 3 m-long boom with six XR 110 015 spray nozzles spaced 
at 0.5 m, delivering 150 L/ha. 

Experimental units were composed of seven 8-m rows spaced by 
0.45 m. Disease assessment was performed for the central three rows 
of each plot. The experiments were carried out in a randomized block 
design with four replications, as 2 (cultivar) x 5 (interval between 
applications) factorial arrangement.

Treatments were composed of a control, which did not receive any 
fungicide application, and four intervals between applications of 10, 15, 
20 and 25 days. In the 10 and 15-day intervals, fungicides were applied 
three times, while in the 20 and 25-day, they were sprayed twice (Table 
1). The first spray was done based on LI = 25% (LI=leaflet incidence). 

Five plants were sampled per plot in growth stages R5.3, R 5.4 and 
R 5.5. ASR intensity was assessed according to the leaflet incidence, 
number of lesion and uredinium/cm2 for central leaf leaflets in the main 
stem. Lesions and uredinium were counted within two circles of 1.0 cm 
diameter marked with a cork-borer on the central of each leaflet and 
evaluated under a binocular stereoscopic 40 X magnification. The last 
evaluation was performed at 20 days after the last fungicide application 
to know the final rust intensity. 

Grains were mechanically harvested when water content was near 

13%. Only the three central rows of each plot were harvested.
Regression analyses were performed between grain yield, as 

dependent variable, and leaflet incidence (LI), lesion (L) and uredinium 
(U) density (independent variables) for cultivars, growing seasons, 
sowing time and phenological stages R5.3, R5.4 and R5.5. Equations 
were expressed as Y = 1000 – a(LI), where a is the loss coefficient 
(kg/leaflet incidence); hereafter units not indicated;  Y = 1000 – a(L); 
Y = 1000 – a(U); Y is the grain yield normalized to 1,000 kg/ha. 
Unregulated regressions were represented by graphs, for each variable, 
leaflet incidence, lesion and uredinium number/cm2, and the average 
for both cultivars and the three phenological stages was presented. 
Equations represent the critical-point model as investigated in this 
study. The economic loss threshold (ELT) was calculated according to 
the formula proposed by Munford & Norton´s (10): DI = Cc/(Pp x Dc 
x Ce), where: DI = disease intensity; Cc = control cost (U$)/ha; Pp = 
product price, i.e. soybean ton price (U$); LC = yield loss coefficient; 
and Ce = fungicide treatment efficiency (percentage of control).

 

RESULTS AND DISCUSSION

The environmental conditions were favorable to both the crop and 
the disease development in the two growing seasons. Disease onset in 
the growing season 2009/10 was registered on 01/22/2010 for BRS GO 
7560 (resistant) and BRS 246 RR (susceptible) considering first sowing 
time, and on 02/11/2010 for BRS GO 7560 and on 01/25/2010 for BRS 
246 RR considering the second sowing time. In the growing season 
2010/11, disease onset was recorded on 01/25/2011 for BRS GO 7560 
and on 03/02/2011 for BRS 246 RR considering the first sowing time, 
and on 01/25/2011 for BRS GO 7560 and on 02/07/2011 for BRS 246 
RR considering the second sowing date.

Due to the low lesions and uredinium densities in the phenological 
stage R5.3, only two equations were obtained for each cultivar and 
sowing dates in the stages R5.4 and R5.5.

Fifty-six regression equations of the loss function were generated 
for LI, and lesion and uredinium density. In addition to the equations, 
the level of significance level   (p) and coefficient of determination (R2) 
were calculated. The loss functions were represented by the equation 
normalized to 1,000 kilograms of soybeans/ha yield (Tables 2, 3, 4 e 
Figure 1, 2 and 3).

The loss coefficients (LCs) varied from 3.41 (R5.3) to 9.02 (R5.3) 
kg/ha for each 1% LI and the overall mean was 5.61 LI BRS GO 7560 
and 6.08 kg/ha for BRS 246 RR for each 1% LI, based on the means 
of 12 equations (Tables 2). The loss coefficients for lesion density 
varied from 13.34 (R5.5) to 127.4 (R5.4) kg/lesion/cm2; the overall 
mean for BRS GO 7560 was 86,63 and for BRS 246 RR,  60.5 kg/
lesion/cm2, representing the means of eight equations (Table 3). The 
loss coefficients for uredinium density varied from 5.53 (R5.5) to 
110.0 (R5.3) kg/ha/1 uredinium/cm2; the overall mean for BRS GO 

Intervals (Days) Spray (no.)

Control Nill

10 3

15 3

20 2

25 2

Table 1. Interval between fungicide sprays and number of applications to 
generate the gradient intensity of Asian soybean rust. Passo Fundo, Rio Grande 
do Sul State, Brazil
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Cultivar/
Season

Sowing time* Phenological stages
Equation

[Y= 1,000 – a (I)]
p R2

BRS GO 7560
2009/10

I

R5.3 Y= 1,000 - 7.02 LI 0.001 0.64

R5.4 Y= 1,000 - 6.45 LI <0.0001 0.84

R5.5 Y= 1,000 - 5.72 LI 0.001 0.65

II

R5.3 Y= 1,000 - 6.97 LI 0.01 0.32

R5.4 Y= 1,000 - 6.39 LI 0.01 0.81

R5.5 Y= 1,000 - 5.49 LI 0.01 0.36

BRS GO 7560
2010/11

I

R5.3 Y= 1,000 - 6.77 LI 0.001 0.81

R5.4 Y= 1,000 - 5.52 LI 0.001 0.84

R5.5 Y= 1,000 - 5.07 LI 0.001 0.81

II

R5.3 Y= 1,000 - 3.41 LI 0.01 0.11

R5.4 Y= 1,000 - 3.99 LI 0.001 0.56

R5.5 Y= 1,000 - 4.53 LI 0.01 0.91

BRS 246 RR 2009/10

I

R5.3 Y= 1,000 - 6.95 LI 0.0001 0.99

R5.4 Y= 1,000 - 5.31 LI 0.01 0.68

R5.5 Y= 1,000 - 6.78 LI 0.01 0.75

II

R5.3 Y= 1,000 - 9.02 LI 0.01 0.44

R5.4 Y= 1,000 - 5.62 LI 0.01 0.67

R5.5 Y= 1,000 - 5.24 LI 0.01 0.53

BRS 246 RR 2010/11

I

R5.3 Y= 1,000 - 6.63 LI 0.01 0.19

R5.4 Y= 1,000 - 6.81 LI 0.01 0.79

R5.5 Y= 1,000 - 6.57 LI 0.01 0.81

II

R5.3 Y= 1,000 - 5.93 LI 0.001 0.88

R5.4 Y= 1,000 - 4.47 LI 0.01 0.90

R5.5 Y= 1,000 - 3.63 LI 0.01 0.60

Table 2.  Linear regression equations relating soybean grain yield (Y), normalized to 1,000 kg/ha to the leaflet incidence (LI) of Asian rust, in the 
phenological stage R5.3, R5.4 and R5.5, showing the significance level (p) and the coefficient of determination (R2) for  cultivars BRS GO 7560 
and BRS 246 RR. Passo Fundo, Rio Grande do Sul State, Brazil

* For the growing season 2009/2010, the first sowing time (I) was 11/26/2009 and the second sowing time (II) was 12/16/2009, for the growing season 2010/2011, the first sowing time 
(I) was 11/12/2010 and the second sowing time (II) was 01/01/2010.

7560 was 46.35 and for BRS 246 RR, 29.74, based on the means of 
eight equations (Table 4). 

The current recommendation for fungicide application is when the 
epidemic plants incidence reaches 1% or, preventively, when rust occurs 
in the region; thus, with little scientific support (14). 

The yield loss coefficient, a, representing the kilograms one LI, 
lesion or uredinium needs to reduces normalized grain yield, varied 
according to the cultivar, the growing season and sowing time. 

Based on these relationships, for a farm with an estimated yield of 
2,800 kg/ha, growing a cultivar with ASR susceptibility similar to that 
of BRS 246 RR, each (mean of 12 equations) LI occurring at the early 
R5.5 would have a loss potential of 153.3 kg/ ha. Nevertheless, it is 

necessary to know the yield potential of a farm to convert the 1,000 
kg normalized yield into the actual yield of the field under evaluation 
for loss determination. 

The a values can be used to calculate the ELT by using Munford 
& Norton’s (10) modified equation. The ELT can be useful in making 
decisions about whether or not to use chemical control against ASR 
employing above-ground fungicides. Considering the formula DI 
(disease intensity) = Cc/(LC x Pp) x Ce formula, where Cc = cost of 
control US$ 55.00/ha, Pp = Price per ton of soybeans: US$ 450.00 
(Supplied by Cotrijal on 02/13/12, Não-Me-Toque County, RS),  LC = 
loss coefficient, based on the loss function, Y = 1,000 - 7.02 LI (cultivar 
BRS GO 7560, season 2009/10, sowing time I, phenological stages 
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R5.3) (Table 2) (where Y is the grain yield, normalized to 1,000 kg/ha 
and I the rust leaflet incidence); in this case, LC = 7.02 kg for each ton of 
produced soybeans. Converting yield into tons, Y = 1.0 - 0.00702 I; Ce 

= control efficiency taken as 70% (Ce for cyproconazole + azoxystrobin 
70%; for picoxystrobin + cyproconazole 69%; for epoxiconazole + 
pyraclostrobin 68%; and for trifloxystrobin + cyproconazole 64%) 

Cultivar/
Season

Sowing time* Phenological stages Equation
[Y= 1,000 – a (L)]

p R2

BRS GO 7560
2009/10

I
R5.4 Y= 1,000 - 127.4 L 0.001 0.84

R5.5 Y= 1,000 - 85.61 L 0.001 0.57

II
R5.4 Y= 1,000 - 119.20 L 0.001 0.31

R5.5 Y= 1,000 - 95.72 L 0.001 0.73

BRS GO 7560
2010/11

I
R5.4 Y= 1,000 - 87.11 L 0.01 0.83

R5.5 Y= 1,000 - 85.61 L 0.01 0.84

II
R5.4 Y= 1,000 - 26.87 L 0.001 0.98

R5.5 Y = 1,000 - 17.51 L 0.001 0.97

BRS 246 RR 2009/10

I
R5.4 Y= 1,000 - 64.26 L 0.001 0.89

R5.5 Y= 1,000 - 62.29 L 0.01 0.87

II
R5.4 Y = 1,000 - 68.78 L 0.0001 0.88

R5.5 Y = 1,000 - 68.34 L 0.0001 0.84

BRS 246 RR 2010/11

I
R5.4 Y= 1,000 - 103.7 L 0.001 0.93

R5.5 Y= 1,000 - 25.93L 0.01 0.79

II
R5.4 Y= 1,000 - 77.47 L 0.001 0.96

R5.5 Y= 1,000 - 13.34 L 0.001 0.99

Table 3.  Linear regression equations relating soybean grain yield (Y), normalized to 1,000 kg/ha to leaflet lesions (L) density (no./cm2) of Asian 
rust, in the phenological stage R5.4 and R5.5, showing the significance level (p) and the coefficient of determination (R2)  for the cultivars BRS 
GO 7560 and BRS 246 RR. Passo Fundo, Rio Grande do Sul State, Brazil

* For the growing season 2009/2010, the first sowing time (I) was 11/26/2009 and the second sowing time (II) was 12/16/2009; for the growing season 2010/2011, 
the first sowing time (I) was 11/12/2010 and the second sowing time (II) was 01/01/2010.

Cultivar/
Season

Sowing time* Phenological 
stages

Equations
Y= 1,000 – a (U)

p R2

BRS GO 7560
2009/10

I
R5.4 Y= 1,000 - 74.92 U 0.0001 0.86
R5.5 Y= 1,000 - 45.28 U 0.0001 0.55

II
R5.4 Y= 1,000 - 110.28 U 0.01 0.86
R5.5 Y= 1,000 - 39.52 U 0.01 0.89

BRS GO 7560
2010/11

I
R5.4 Y= 1,000 - 58.04 U 0.01 0.89
R5.5 Y= 1,000 - 30.48 U 0.01 0.97

II
R5.4 Y= 1,000 - 6.79 U 0.001 0.97
R5.5 Y= 1,000 - 5.53 U 0.01 0.96

BRS 246 RR 2009/10
I

R5.4 Y= 1,000 - 35.61 U 0.01 0.84
R5.5 Y= 1,000 - 26.11 U 0.01 0.82

II
R5.4 Y= 1,000 - 34.45 U 0.0001 0.89
R5.5 Y= 1,000 - 34.42 U 0.001 0.92

BRS 246 RR 2010/11
I

R5.4 Y= 1,000 - 51.38 U 0.001 0.95
R5.5 Y= 1,000 - 12.49 U 0.01 0.89

II
R5.4 Y= 1,000 - 9.03 U 0.01 0.89
R5.5 Y= 1,000 - 34.42 U <0.0001 0.99

Table 4.  Linear regression equations relating soybean grain yield (Y), normalized to 1,000 kg/ha to the leaflet uredinium (U) density (no./cm2) of 
Asian rust, in the phenological stage R5.4 and R5.5, showing the significance level (p) and the coefficient of determination (R2) for the cultivars 
BRS GO 7560 and BRS 246 RR. Passo Fundo, Rio Grande do Sul State, Brazil

* For the growing season 2009/2010, the first sowing time (I) was 11/26/2009 and the second sowing time (II) was 12/16/2009; for the growing season 2010/2011, 
the first sowing time (I) was 11/12/2010 and the second sowing time (II) was 01/01/2010.
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Figure 1. Relationship between leaflet incidence (%) and grain yield (soybean pathosystem x Asian soybean rust) for BRS GO 7560 and BRS 
246 RR in the phenological stage R5.3, R5.4 and R5.5. 
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(5); Yp is the crop potential yield (kg/ha) that LC should be adjusted 
to the crop yield by calculating LC x Yp. For example, a farm with Yp 
= 2,800 kg/ha, or  and 2.8 t/ha, and considering the LC = 1,000 – 7.02 
I, or Y = 1.0 – 7.02 LI, and Yp = 2.8 t/ha, therefore, LC= 2.8 x 7.02 
= 19.656; or converted into tons: 0.019656 t/1%  LI. Inserting the 
values   in the formula, DI = [Cc/ (Pp*LC)]*Ce we have DI = [55.00/
(450.00 * 0.019656)] * 0.7 = 4.35 LI. According to the calculated ELT 
of 4.35 LI, loss (US$) due to rust (kg/ha) was US$ 55.00/ha. Finally, 
the determined DI is the numerical loss threshold (NLT) according to 
Munford & Norton (10). Regarding the determined ELT of 4.35 LI, 
the loss (US$/ha) due to disease damage (kg/ha) will be US$ 55.00/ha.

Hikishima et al. (8) established the loss functions for the 
pathosystem ASR, relating disease severity, solar radiation reflectance 
measurements and grain yield, and discussed the potential use of remote 
sensing to estimate the loss caused by this disease, the potential loss 
was estimated based on the regression analysis between productivity 
and disease severity, represented by the area under the disease progress 
curve (AUDPC), or reflectance, represented by the normalized 
difference vegetation index (NDVI). Based on the estimated LC, the 
loss potential was calculated, as well calculated ELT, which indicated 
the best time for economic application of fungicides. The loss function 

equation showed that for every NDVI unit, observed in stage R5.5, there 
was an increase of 197.6 kg/ha in productivity and, for each AUDPC 
unit yield was reduced 129 kg/ha. Considering the loss coefficients 
obtained with each equation, the ELT for ASR control was 0.7 NDVI 
units and 1.1 AUDPC units. In another trial, regression analysis showed 
that for each NDVI unit, at stage R5.4, there was an increase of 167.8 
kg/ha, and one unit for each AUDPC was decreased from 69.2 kg/ha. 
Thus, the ELT for this experiment was 0.9 NDVI unit and 2.1 for each 
AUDPC unit.

A study was published on the loss functions in Taiwan by Hartman 
et al. (7). The authors obtained equations, generated according to the 
application of fungicides at different rates and in phenological stages 
in two soybean cultivars. Some of the functions generated were: Y = 
97.41 - 0.69 S, R2 = 0.86 Y= 68.91 - 0.49 S, R2 = 0.90, Y = 113.32 - 0.83 
S, R2= 0.93, and R = 75.45 - 1.07 S + 0.006 S2, R2 = 0.75, where Y is 
the grain yield and ASR estimated foliar severity. Estimated severity 
is subjective, difficult to implement for ASR and not comparable with 
our data.     

 Yang et al. (21) related defoliation (%) to disease severity for 
several soybean cultivars in two seasons and concluded that defoliation 
can be caused by factors other than ASR, indicating that the relationship 
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Figure 2. Relationship between lesions (no/cm2) and grain yield (soybean pathosystem x Asian soybean rust) for BRS GO 7560 and BRS 246 RR, 
in the phenological stage  R5.4 and R5.5. 
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Figure 3. Relationship between uredinium (no./cm2) and grain yield (soybean pathosystem x Asian soybean rust) for BRS GO 7560 and BRS 246 
RR, in the phenological stage R5.4 and R5.5. 

between defoliation and yield would not be a good model to estimate 
loss. Yang et al. (20) quantified the loss caused by ASR based on the 
rate of grain weight (g/day) assessed in R4 to R7, with the AUDPC in 
two seasons. Some of the functions generated were: Y = 52.0 - 13.90 
x, R2 = 0.94, Y = 51.7-10.13 x, R2 = 0.98, Y = 42.8-18.69 x, R2 = 0.59, 
Y = 2,341.4 - 3,201.4 x, R2 = 0.71.

In the 2006/07 season,  in Passo Fundo - RS, two loss functions 
were developed for  the cultivar CD 214 in the growth stage R5.3, 
where Y = 3,055.63 - 78.29 L (R2 = 0.64;  p < 0.001)  and at R6, Y = 
3,186.5 - 25.13 L (R2 = 0.81; p < 0.001, where Y is grain yield and L 
the number of lesions/cm2 . In that study, the maximum loss was 56.5 
% (22), with the LCs close to those found in our study. In experiments 
carried out in Cambé County, PR, during three seasons the loss caused 
by ASR in cultivars with different disease reaction as quantified. The 
disease gradient was generated by fungicide applications in different 
growth stages, and the LC was generated from regressions between 
grain yield and AUDPC. In one experiment LCs (reduction in grain 
yield for each 1% AUDPC) ranged from 34.55 kg/ha to 163.81 kg/ha 
(R2 from 0.82 to 0.93), and in another experiment LCs ranged from 
34.6 kg/ha to 80.8 kg/ha (R2 from 0.82 to 0.93) (9).

The greatest losses were found in the earliest evaluation stage R5.3 

for both cultivars. Thus, early infections caused a greater yield reduction 
when compared to the later infection, for example in the stage R5.5 for 
both cultivars. Lesion density explained grain yield better reduction 
than uredinium density.

The obtained loss functions had the highest LCs for the stage 
R5.3, reinforcing the reports by Cook et al. (3) for wheat, Reis et al. 
(12) for corn, Bohatchuk et al. (2) for wheat, and Nerbass Junior et al. 
(11) for oats. These authors found the greatest LCs in the early crop 
development. 

The LCs for BRS GO 7560 resistant cultivar, were higher than those 
for BRS 246 RR susceptible. According to Souza et al. (18), cultivar 
BRS GO 7560 carries a major gene that confers vertical resistance 
to ASR. It should be emphasized, however, that under a favorable 
environment and high inoculum density, this cultivar may show 
some lesions due susceptibility (tan spot) and also some sporulation, 
although low. 

The most appropriate criterion to separate between cultivars 
was lesions and uredinium density. Asian soybean rust clearly has 
the potential to cause great damage to the soybean crop. Since the 
assessment criterions of leaflet incidence, leaf lesion and uredinium 
density are quantitative rather than subjective, they are more reliable 
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than estimated severity to estimating loss. The equations relating ASR 
intensity to grain yield can be used to estimate the loss caused by ASR 
to cultivars with a similar susceptibility/resistance to that of the cultivars 
tested in the present study. This study concluded that the loss equations 
functions can be used to calculate the ELT, and that it is an option to 
indicate the time to start the ASR chemical control.

This is a pioneer study generating disease gradient through the 
use of different intervals (days) of fungicide application using the 
same dose. Control strategy for ASR should take into consideration 
that early infections and the increasing number of lesions cause the 
greatest damage.
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