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Among the factors that may cause decreases in soybean yield there are the foliar diseases that despite 
control it can limit grain yield. The Asian soybean rust (Phakopsora pachyrhizi) is considered the most 
important disease of soybean in Brazil. The aim of this work was to simulate the progress of Asian rust 
in Brazilian soybean cultivars by removal of trifoliate leaves from the bottom to the top. The 
experimental design was a randomized complete block, in a 3x3x5 factorial scheme, with four 
replications. It was observed that there was significant interaction between cultivars and defoliation for 
all yield components and consequently in seed yield. Increase in the defoliation intensity towards the 
bottom to the top during the reproductive stages studied (R3, R5, R6) there is a linear decrease in grain 
productivity, reaching in the highest defoliation level, loss of 79.6, 77.7 and 38.6% in R3, R5 and R6 
stages, respectively. The simulation of damage by soybean rust through defoliation cultivars showed 
severity in leaf area reduction and its consequent effect in grain seed yield. 
 
Key words: Yield components, leaf area, reproductive stage, biotic stress. 

 
 
INTRODUCTION 
 
In Brazil, soybean has the highest seed yield, and in the 
season 2012/2013, the average yield was 2938 kg ha

-1 

(CONAB, 2014). Among the factors that could cause 
losses to this crop, there are the foliar diseases that 
despite control management can limit yield. Asian rust 
(Phakopsora pachyrhizi) is considered the most 
significant disease of soybean in Brazil. Its biggest loss is 
caused by the premature abscission of leaves and their 
higher incidence and severity is mainly in the 
reproductive stages of the crop.  

The soybean rust was first recorded in Brazil in 
2000/2001 season and from there it spread throughout 
the country. In 2004, the losses caused by the disease 
(sum of seed losses, control expenses and reduced 
government revenues) were of US$ 2.28 billion (Yorinori 
and Lazzarotto, 2004). In more severe cases, without 
proper control, soybean rust can cause yield losses of 
about a 100% (Navarini et al., 2007; Oliveira, 2004; 
Barros et al., 2008; Yorinori, 2002). The temperature 
ideal for disease development is  15  to  28°C,  with  6-12 
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Table 1. Agronomic characteristics of Brazilian soybean cultivars. 
 

Cultivar Growth type Maturity group Shape leaflet 

M 7211 RR
1
 Indeterminated 7.2 Pointed oval 

TMG 1176 RR
1
 Determinated 7.6 Lanceolate 

M 7188 RR
1
 Determinated 8.8 Oval 

 
1
Commercial name. 

 
 
 
hours of moisture on the leaf needed for spore 
germination (Dorrance et al., 2007). The disease starts 
from the bottom leaves where there is more moisture 
after the closure of plants in the area, providing favorable 
conditions. Without control, the disease progresses to the 
upper leaves and consequently accelerates abscission of 
leaves and reduces the effective leaf area of the plant. 

Understanding the physiology of soybean production is  
important to understand the disease effect on yield. The 
yield is defined as a function of radiation absorbed by the 
crop canopy (leaves), the conversion of solar radiation 
absorbed by the plant in dry matter (that is, the efficiency 
use of the radiation) and the proportion of total plant dry 
matter accumulated during the growth period that is 
allocated to the seed (harvest index) (Hay and Porter, 
2006). The main soybean yield components are the 
number of pods/plant, number of seed/plant (product of 
the number of pods x number of seeds/pod) and the seed 
weight. Understanding the influence of each component 
in yield may reveal answers on how to improve the yield 
in this legume. 

The early defoliation in soybeans causes 
yield loss by interference in physiological 
processes such as photosynthesis, resulting in fewer 
pods, fewer seeds per plant, seeds viable per pod and 
lower seed weight (Ribeiro and Costa, 2000). Artificial 
defoliation made between R5 and R6 stages showed 
lower seed filling (Peluzío et al., 2002) and leaf removal 
in R4 stage caused yield loss of up to 93.4% (Barros 
et al., 2002; Peluzío et al., 2002). At R3 and R4 stages, 
the defoliation causes pods abortion at a time when the 
plant has peak photosynthetic activity for forming and 
filling it. 
The quantification of defoliation can be used as a 
parameter for estimating damage, to evaluate treatments 
for disease control and tests of genotype to resistance to 
Asian rust as well (Hirano et al., 2010). Researches 
aimed at quantification and progress of Asian rust in 
soybean is important to establish better control 
strategies. The study of damage levels of soybean rust 
can be simulated through artificial defoliation of plants 
from the bottom to the top. 

Most papers of defoliate simulation in soybean were 
conducted to simulate the attack by insects (Bahry et al., 
2013; Bueno et al., 2010; Gregorutti et al., 2012; Timisina 
et al., 2007; Fontoura et al., 2006) being few studies that 
were performed to simulate  defoliation  diseases  (Aqeel, 

2011). Thus, the objective of this research was to 
simulate the progress of Asian soybean rust cultivars by 
removal of trifoliate leaves from the bottom to the top. 

 
 
MATERIALS AND METHODS 

 
The trial was conducted in a greenhouse at the Universidade 
Federal de Viçosa, Minas Gerais State, Brazil. The soil had the 

following chemical characteristics: pH (H2O) = 5.06; P (Mehlich 1) = 
2.2 mg dm

-3
; K = 32 mg dm

-3
; Ca = 1.28 cmolc dm

-3
; Mg = 0.38 

cmolc dm-3; Al = 0.49 cmolc dm
-3

; H + Al = 5.80 cmolc dm
-3

; Organic 
matter = 2.94 g dm

-3
; CTC (pH 7.0) = 7.54 cmolc dm

-3
; Base 

saturation (V%) = 23.1. It also had a clay texture. Based on these 
results were applied calcitic lime (1 g kg

-1
 of soil) and to fertilizer 

was used 300 and 150 mg kg
-1 

of soil of P and K, respectively. 
The experimental design was a randomized complete block. 

Treatments resulted from the combination of three factors (3x5x3), 
with four replications. Factors consisted of defoliation stage (R3, R5 
and R6), defoliation levels (no defoliation, 2, 4, 6 and 8 trifoliate 
leaves from the bottom to the top) and cultivars (TMG 1176 RR, M 
7211 RR and TMG 7188 RR). Each plot consisted of a pot of 2.5 L 
of soil with two plants. The stages for performing defoliation were 
considered according to classification of Fehr and Caviness (1977):  
R3: had pod with 5 mm length in one of the last four upper nodes 
on the main stem with a fully developed leaf.  

R5: had seed with 3 mm length in a pod located in one of the last 
four upper nodes on the main stem with a fully developed leaf. 
R6: had pod containing green seed that fills the pod cavity located 
in one of the last four upper nodes on the main stem with a fully 
developed leaf. 

The defoliation levels studied were considered according to the 
disease in the field, because without proper control it progresses 
rapidly to the upper leaves. The goal of each level was to simulate 

that disease would be controlled at that particular point without 
progress to the upper leaves. 

The available cultivars have different characteristics in relation to 
maturity group; growth type and leaf shape (Table 1). This contrast, 
allows us to have more reliable results because the genetic 
variability within Brazilian soybean cultivars was considered. 

The defoliation was artificially performed with scissors in their 
respective stages, removing the trifoliate leaves and keeping the 
petiole, as well as in disease occurrence in the field, where the 
leaflets first become detached from the petiole. In the case of the 
cultivar M 7211 RR, which had an indeterminate growth, with the 
removal of trefoil in R3, the plants did not have the largest number 
of trifoliate leaves of treatment (8 trifoliate), it was removed as soon 
as the next developed. 

The sowing was carried out using five seeds/pot and at V1 stage. 
Thinning was done by keeping the two most vigorous plants. 
Number of pods/plant, number of seeds/plant, 100-seed weight and 
seed yield/plant were evaluated. The data were subjected to 
variance and regression analyses and mean comparisons in Genes 
software (Cruz, 2013). 
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Table 2. Summary of variance analysis for number of pods/plant (NPP), number of seeds/plant (NSP), 100-seed weight 
(100SW) and seed yield/plant (SYP). 
 

Variation source df 
Means square 

NPP NSP 100SW SYP 

Block 3 5,078 34,8051 10,8745 0,5316 

Cultivar (C) 2 1226,2764** 6945,6681** 505,9898** 321,7979** 

Stage (S) 2 675,1847** 3357,3347** 26,9012** 35,5611** 

Defoliation (D) 4 632,7861** 2929,0681** 185,6922** 163,825** 

C x S 4 11,416 25,416 5,3386 0,6902 

C x D 8 21,0819* 87,8191** 8,0205* 8,1668** 

S x D 8 108,9174** 648,2378** 2,6732 8,912** 

C x S x D 16 10,7944 48,1295 1,9961 1,6597 

Error 132 8,5121 32,4689 2,4918 0,9901 

Mean  15,75 34,13 15,46 15,51 

Coefficient of variation (%)  18,52 16,69 10,20 18,04 
 

* Significant at 5% probability by F test, ** Significant at 1% probability by F test.  

 
 
 
RESULTS 
  
In variance analysis (Table 2), it was observed that there 
was significant interaction between cultivars and 
defoliation levels for all yield components and 
consequently in the productivity. The interaction between 
defoliation stages time and defoliation levels only was not 
significant for 100-seed weight, which component had 
isolated influence of defoliation stage. 

Regarding the number of pods/plant (Table 3), it was 
observed that within all removal levels of trifoliate leaves, 
the TMG 7188 RR cultivar was outstanding. The M 7211 
RR produced significant pod number smaller, regardless 
of the number of leaves removed. Through regression 
analysis, it was noted that all cultivars had a linear 
decrease in the pod number according to increase in the 
number of trifoliate leaves removed (Figure 1A).  

Regarding the number of seeds/plant (Table 3), the 
cultivar M 7211 RR produced significantly lower number 
than the others. This performance is due to the reduced 
pod number combined with low number of seeds per 
plant (approximately 1.80) produced by this cultivar. At all 
defoliation stages there was a linear decrease in the 
number of seeds/plant (Figure 1B). Differently the 
number of pods/plant, the number of seeds/plant 
produced by TMG 7188 RR cultivar was significantly 
higher. The number of seeds produced by TMG 7188 RR 
was very close to the TMG 1176 RR, because this last 
cultivar has the greater number of seeds/pod trait that is 
genetically linked to the lanceolate leaf character. 

Comparing the 100-seed weight of cultivars within the 
levels of defoliation (Table 3) showed that the TMG 7188 
RR cultivar had higher seed weight in comparison with 
the others, regardless of how many trifolioliate leaves 
was removed. In the M 7211 RR cultivar from the 
removal of four trifoliate had larger reductions in seed 
weight. 

The three cultivars had a significant linear decrease in 
seed weight with the increase in defoliation (Figure 1C). 
The decrease in this component is smaller than the 
others, in which case the decrease is mainly caused by 
leaf removal in R5, a critical moment the plant should not 
go through stress, because the number of seeds was 
already defined and it is starting filling. 

The seed yield was significantly different within all 
defoliation levels performed (Table 3). Until removal of 
four trifoliolate, the productivity remained the order of 
TMG 7188 RR> TMG 1176 RR> M 7211 RR. With the 
removal of 6 and 8 trefoils the TMG 7188 RR and TMG 
1176 RR not statistically different, suggesting that this 
cultivar, even being of lower maturity group (7.6) can 
maintain certain yield in higher defoliation, when 
compared to maturity group 8.8. For yield in relation of 
trifoliolate leaves removed (Figure 1D), as well as all yield 
components, there was a linear decrease for all cultivars 
and despite the difference in the yield, the trend was 
similar for all. 

To the number of pods on each level at different 
defoliation stages (Table 4), it was observed that after the 
removal of the two first trifoliate leaves, this yield 
component began to be affected in R3 and R5 stages, 
when compared to R6 stage, wherein the defoliation no 
more affects this component. This result can be seen 
best in Figure 2, which was found a linear decrease for 
the defoliation at R3 and R5 stages, reaching more than 
50% of reduction in the number of pods with the removal 
of 8 trefoils. 

The influence of trifolioliate leaves removal at different 
stages in the number of seeds/plant can be seen in Table 
4, where it was found the same behavior of the number of 
pods/plant. From the removal of two trefoils in R3 and R5 
stages there was significant decrease in the number of 
seeds/plant, compared with defoliation in the R6 stage, 
which there is no more change to this trait. This is due  to  
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Figure 1. Number of pods/plant (A), number of seeds/plant (B), 100-seed weight (C) and seed yield / plant (D) in three soybean cultivars 

subjected to removal of trifoliolate leaves from the bottom to the top. 

 
 
 
the abortion of pods resulting in lower total number of 
seeds/plant. In Figure 2 B it can be observed a linear 
decrease in the number of seeds/plant at R3 and R5 
stages.  

In the comparison of stages within each quantity of 
removed trefoil (Table 4) it was noted that there was a 
decrease from the loss of four trefoils, wherein in R3 
stage,  to  decrease  in  yield   was   significantly   greater
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Table 3. Number of pods/plant, number of seeds/pod, 100-seed weight and seed yield/plant (g plant
-1

) in soybean 
cultivars subjected to removal of trifoliate leaves from the bottom to the top

1
. 

 

Parameter 
Defoliation level (number of removed trifoliolate leaves) 

0 2 4 6 8 

Cultivar Number of pods per plant (LSD
2
 = 2.82) 

TMG 1176 RR 20.45 
B
 18.70 

B
 15.62 

B
 13.66 

B
 10.29 

B
 

M 7211 RR 15.08 
C
 13.83 

C
 11.20 

C
 8.62 

C
 7.41 

C
 

TMG 7188 RR 24.50 
A
 25.95 

A
 21.33 

A
 16.45 

A
 13.12 

A
 

      

 Number of seeds per plant (LSD = 5.51) 

TMG 1176 RR 51.79 
A
 49.62 

A
 41.87 

A
 36.25

 A
 23.54 

A
 

M 7211 RR 30.29 
B
 26.66 

B
 21.37 

B
 16.79 

B
 13.62 

B
 

TMG 7188 RR 47.20 
A
 51.20 

A
 40.58 

A
 31.12 

A
 27.00 

A
 

      

 100-seed weight (g) (LSD = 1.52) 

TMG 1176 RR 16.36 
B
 15.84 

B
 14.58 

B
 14.06 

B
 11.48 

B
 

M 7211 RR 16.13 
B
 14.57 

B
 12.77 

C
 11.06 

C
 10.47 

B
 

TMG 7188 RR 21.34 
A
 19.91 

A
 20.31 

A
 18.04 

A
 18.04 

A
 

      

 Seed yield per plant (g plant
-1

) (LSD = 0.962) 

TMG 1176 RR 8.43
 B

 7.86 
B
 6.07 

B
 5.03 

A
 3.02 

A
 

M 7211 RR 4.90 
C
 3.89 

C
 2.69 

C
 1.95 

B
 1.38 

B
 

TMG 7188 RR 10.04 
A
 10.06 

A
 8.24 

A
 5.47 

A
 3.63 

A
 

 
1
Means followed by the same uppercase letter in the column do not differ at 5% probability by Tukey test. 

2
LSD = Least 

Significant Difference. 
 
 
 

Table 4. Number of pods/plant, number of seeds/plant and seed yield/plant (g plant
-1

) in soybean cultivars subjected 

to removal of trifoliate leaves from the bottom to the top at three reproductive stages
1 

 

Parameter 
Defoliation level (number of removed trifoliolate leaves) 

0 2 4 6 8 

Stages Number of pods per plant (LSD
2
 = 2.82) 

R3 20.08 
A
 17.91 

B
 13.62 

B
 8.75 

B
 5.58 

B
 

R5 20.29 
A
 19.41 

AB
 15.33 

B
 10.75 

B
 6.79 

B
 

R6 19.66 
A
 21.16 

A
 19.20 

A
 19.25 

A
 18.45 

A
 

      

 Number of seeds per plant (LSD = 5.51) 

R3 43.66 
A
 39.25 

B
 29.08 

B
 18.75 

B
 11.70 

B
 

R5 44.37 
A
 41.66 

AB
 33.91 

B
 22.50 

B
 13.95 

B
 

R6 41.25 
A
 46.58 

A
 40.83 

A
 42.91 

A
 41.50 

A
 

      

 Seed yield per plant (LSD = 0.962) 

R3 8.04 
A
 6.98 

A
 4.97 

B
 3.09 

B
 1.64 

B
 

R5 7.82 
A
 7.31 

A
 5.72 

AB
 3.44 

B
 1.74 

B
 

R6 7.51 
A
 7.53 

A
 6.32 

A
 5.93 

A
 4.61 

A
 

 
1
Means followed by the same uppercase letter in the column do not differ at 5% probability by Tukey test. 

2
LSD = Least 

Significant Difference. 

 
 
 
than R6. However, with the loss of 6 and 8 trefoils, in 
both R3 and R5 stages had significant decrease in yield. 
In Figure 2C, it was observed that for defoliation in R3 
and R5 stages there was a marked linear decrease in 
yield, reaching about 80% decrease with the removal of 8 

trifoliate leaves. This is due to decrease in the number of 
pods, seeds and seed weight. Already a linear decrease 
in R6 stage is only resulting in the decrease of the seed 
weight. In this sense, should seek to control until R6 
stage, because for many producers, at that stage the

https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CCYQFjABahUKEwiq0a-7zJLHAhXFIpAKHU0qBaI&url=http%3A%2F%2Fwww.statisticshowto.com%2Fhow-to-calculate-the-least-significant-difference-lsd%2F&ei=UlnCVargAcXFwATN1JSQCg&usg=AFQjCNHA5TL2gc9iTtLqpkR4YKfJe05RzA
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CCYQFjABahUKEwiq0a-7zJLHAhXFIpAKHU0qBaI&url=http%3A%2F%2Fwww.statisticshowto.com%2Fhow-to-calculate-the-least-significant-difference-lsd%2F&ei=UlnCVargAcXFwATN1JSQCg&usg=AFQjCNHA5TL2gc9iTtLqpkR4YKfJe05RzA
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CCYQFjABahUKEwiq0a-7zJLHAhXFIpAKHU0qBaI&url=http%3A%2F%2Fwww.statisticshowto.com%2Fhow-to-calculate-the-least-significant-difference-lsd%2F&ei=UlnCVargAcXFwATN1JSQCg&usg=AFQjCNHA5TL2gc9iTtLqpkR4YKfJe05RzA
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CCYQFjABahUKEwiq0a-7zJLHAhXFIpAKHU0qBaI&url=http%3A%2F%2Fwww.statisticshowto.com%2Fhow-to-calculate-the-least-significant-difference-lsd%2F&ei=UlnCVargAcXFwATN1JSQCg&usg=AFQjCNHA5TL2gc9iTtLqpkR4YKfJe05RzA
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A B 

■R3: Y = -1.9084x + 20.825    
♦R5: Y = -1.7833x + 21.650     
▲R6:  Not signicant 

R
2
 = 0.98 

R
2
 = 0.98 

 

■ R3: Y = -4.220x + 45.375      
♦ R5:  Y = -4x + 47. 283             
▲R6:  Not signicant 

R
2
 = 0.98 

R
2
 = 0.96 

 
C 

■ R3: Y = -0.8342x + 8.2832      R
2
 = 0.99 

♦ R5:  Y = -0.8022x + 8.4178     R
2
 = 0.96 

▲R6:  Y = -0.3659x + 7.8557     R
2
 = 0.92 

 

 

 
 
Figure 2. Number of pods/plant (A), number of seeds/plant (B) and seed yield/plant (D) in three soybean cultivars subjected to 

removal of trifoliolates leaves from the bottom to the top. 
 
 
 

severity of soybean rust would not result in more lost in 
yield. However, depending on the crop situation, the 
control should be still performed. Gasparetto et al. (2011) 
observed that the fungicides application promoted gains 
in seed yield (kg ha

-1
), which ranged from 30 to 59% 

compared to control, generating revenue in excess of 77 
to 210%. 

Comparing the control regarding the removal of 8 
trifoliate leaves in R6 stage, the decrease was about 
38%, an unacceptable loss to a crop that is already 
ending the cycle and has received all necessary 
management. To the 100-seed weight, there was effect 
only ofn the defoliation stage (Table 5). In the R3 stage 
the 100-seed weight was significantly higher than in the
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Table 5. 100-seed weight of soybean cultivars in three defoliation 
stages

1
. 

 

Defoliation stage
1
 100-seed weight (g) 

R3 16.12 
A
 

R5 15.46
 AB

 

R6 14.79
 C

 

LSD
2
 0.682 

 
1
Means followed by the same uppercase letter in the column do not 

differ at 5% probability by Tukey test. 
2
LSD = Least Significant 

Difference. 

 
 
 
R6 stage. 
 
 
DISCUSSION 
 
The soybean rust, in severe cases, when the disease 
reaches the soybean plant in pod formation stage or early 
seed filling can cause abortion and the drop pods, 
resulting in up to total yield loss (EMBRAPA, 2011). 
According to Egli (2010), the soybean plant has two 
mechanisms to adjust the number of pods and seeds with 
the same availability of assimilates: i) The flower 
production varies with changes in environmental 
conditions and among cultivars; and ii) not all flowers 
produce pods and not all pods reach up to maturation. 
However, the abortion of pods is enhanced when plants 
undergo major environmental changes (like a stress 
period caused by defoliation) on flowering and seed 
filling. 

The similarity between defoliation in the two different 
stages (R3 and R5) is because in the R3 stage the plant 
starts pod formation, and the stress by defoliation 
increases the abortion of these pods, however, the plant 
still has a specified period for forming and filling of some 
pods. In R5 stage, the pods are all already formed; 
however, because they are still at the beginning of 
photosynthate translocation to the seeds, increasing the 
defoliation also causes abortion, since the sources are 
removable. Thus, the plant just keeps the amount of pods 
that it will be able to fill the seeds with assimilates from 
the leaves (sources) that remain, unlike the defoliation 
caused by more advanced stage, where the seeds are 
reportedly in the process of filling and this negative effect 
would be in the weight of these seeds. 

The soybean, as well as other species, has a strategy 
to leave progeny, in this case the stress caused by 
defoliation at R3, causes rearrangement in yield 
components, in order to maintain quality seed. Thus, the 
plant aborts most of their pods and retains only those 
which have the ability to translocate photoassimilates 
from the remaining leaves, which results in keeping the 
seed size. Especially in this case, where two of the three 
cultivars   are   determinate   growth   type,   wherein   R3  

stage the total of leaves have been issued. In R5 stage it 
happens pretty much the same; however, as the pods are 
already in early seed filling, the abortion of pods can be 
fewer. In the R6 stage seeds are all formed, filling the 
entire pod cavity, however, it had not yet fully completed 
receipt of photoassimilates from the leaves, which results 
in the largest decrease in the seed weight. This proves by 
the recommendation of desiccation in soybean that is in 
R7, precisely for no loss in seed weight and consequently 
in yield (EMBRAPA, 2010). 

It is known that the pods reaching its maximum length 
and seeds that underwent by cell division rarely abort. 
However, after this phase, environmental changes may 
result in improper pod filling, requiring a change in the 
size of the seed corresponding to the availability of 
assimilates (Egli, 2010), that is, the seeds cannot grow 
without assimilates availability and stress caused by loss 
of leaves in R5 and R6 stages interfering directly in seed 
filling. 

There are two sources of assimilates for seed filling: 
current photosynthesis and remobilization of 
carbohydrate reserves. The contribution of carbohydrate 
reserves is apparently very low (<15% of the total seed 
weight) so, the maintenance of the leaves is essential to 
maintain the photosynthetic rate (current photosynthesis) 
during this phase (Egly, 2010). 

The leaves removal interferes directly in leaf area index 
(LAI) of the plant. The soybean plant normally reaches a 
value higher than the critical LAI (95% absorption of 
sunlight). Thus, the plant may lose part of its leaves 
without seriously affecting its performance (Weber and 
Cadwell, 1966). However, it should be considered that a 
substantial loss always smacks a negative effect, 
especially if it occurs at a stage of advanced 
development, that is, during the reproductive phase, 
when it is no longer possible to replace the leaf area lost 
by the new vegetative growth. In this case, varieties with 
a tendency to have more branches, offer certain 
advantage (Miyasaka and Medina, 1981). 

According to Carretero (2011), much of the variation in 
the cultivars cycle is associated with differences in the 
vegetative phase, which is not directly connected to yield. 
Increase  in  the  leaf  area  does   not   increase   canopy 

https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CCYQFjABahUKEwiq0a-7zJLHAhXFIpAKHU0qBaI&url=http%3A%2F%2Fwww.statisticshowto.com%2Fhow-to-calculate-the-least-significant-difference-lsd%2F&ei=UlnCVargAcXFwATN1JSQCg&usg=AFQjCNHA5TL2gc9iTtLqpkR4YKfJe05RzA
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CCYQFjABahUKEwiq0a-7zJLHAhXFIpAKHU0qBaI&url=http%3A%2F%2Fwww.statisticshowto.com%2Fhow-to-calculate-the-least-significant-difference-lsd%2F&ei=UlnCVargAcXFwATN1JSQCg&usg=AFQjCNHA5TL2gc9iTtLqpkR4YKfJe05RzA


 
 
 
 
photosynthesis or the growth rate of the crop, after the 
radiation interception reaches a maximum, there is no 
benefit in production with higher rates of leaf area. 

One explanation for a very marked loss is linked to the 
growth type of cultivar. It is known that the R6 stage is 
defined when at least one pod in the last four nodes is 
completely filled, but still green. However, it is also known 
that in the cultivars of determinate growth type, the 
maturation begin from the top to bottom, that is, when 
pods in the last four are already at R6, most pods in the 
middle and bottom part of the plant are still in a later 
filling stage, which causes further loss. In contrast, in 
cultivars with indeterminate growth type, which 
maturation occurs from the bottom up, in this case, when 
there are pods at R6 stage in the last 4 nodes, it is 
certain that the pods below are already in an advanced 
stage, that is, there will be no loss in the yield.  

In this study, two of the three cultivars are determinate 
growth type, which may have influenced this linear 
decrease in R6. In practice, in crop visit, usually 
technicians and producers usually observe the pods in 
the top of plant, for decision making if it would or not, do 
one more application to disease control, which may be 
affecting the final seed weight and consequently seed 
yield. 

After the pathogens infect the bottom leaves, there is 
acceleration of falling leaves. Oliveira and Antuniassi 
(2011) under curative control conditions, with evaluation 
one day before the application, noted that the average 
severity in the lower third was of 35.9% (between 28.9 
and 42.8%) while the upper third was 4.57% (varying 
between 2 and 7%), whereas the 90% CI. Andrade and 
Andrade (2002) obtained results which showed that in the 
chemical control of soybean rust, just a delay of seven 
days in the fungicide application (after detection of the 
disease), was sufficient for the increase in defoliation at 
82%. With a delay of 14 days, defoliation increased by 
155%. 
 

 

Conclusions 
 

As defoliation intensity rises from the bottom to the top 
during the reproductive stages (R3, R5, R6) studied, 
there is a linear decrease in plant yield, reaching on the 
highest defoliation level, loss of 79.6, 77.7 and 38.6% in 
R3, R5 and R6, respectively. The damage simulation by 
soybean rust through defoliation showed the severity in 
the reduction in the leaf area and its consequent 
reflection in the yield. 
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