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ABSTRACT 

 
Our objective was to evaluate the influence of 
defoliation at different vegetative stages on 
morphological characters and yield components 
of an indeterminate soybean cultivar. The study 
was conducted in 2010/11 and 2011/12. The 
experimental design was a randomized block 
design with seven treatments and four 
replications for each year. The treatments were: 
T1: No defoliation; T2: Defoliation in V4, T3: 
Defoliation in V4 and V5, T4: Defoliation in V4, V5 
and V6, T5: Defoliation in V4, V5, V6 and V7, T6: 
Defoliation in V4, V5, V6, V7 and V8 and T7: 
Defoliation in V4, V5, V6, V7, V8 and V9. 
Defoliation was simulated artificially, in specified 
periods where we proceeded to remove all leaves 
from each node including the petiole. The 
variables analyzed were: main stem height, 
number and length of branches, first pod, number 
of pods per node on the main stem, and the 
branches per plant, number of reproductive 
nodes on the main stem, the branches, number of 
us total on the main stem, the branches, distance 
between us and grain yield. Grazing did not 
influence most of the morphological characters 
and increments the number of pods on the stem 
in years with good water availability and high 

levels of defoliation, and of soybean yield. 
 

Keywords: defoliation, plant development, 
morphology, Glycine max L. 
 
INTRODUCTION 

 
Soybeans are a major commodity in the 

world and one of the most important export 
products from Brazil. In the agricultural year 
2011/2012 soybeans were cultivated in more than 
25 million hectares of Brazil and national 
production was approximately 66.4 million tons 
(Conab, 2012).  

The ability of soybeans to prevent 
substantial reduction in yield after the loss of 
leaves caused by defoliators and disease depends 
on several factors among including intensity of, 
the phenological stage of development at the 
time of defoliation, duration of defoliation, the 
ability of cultivar to tolerate or compensate for 
defoliation, and environmental conditions, 
especially rainfall, temperature and solar 
radiation (Pedigo et al., 1986; Parcianello et al., 
2004). Regarding the percentage of defoliation, 
research has established levels for the control of 
insect pests, when the defoliation are greater 
than 30% in the vegetative phase, or 15% in the 
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reproductive ph ase. However, these 
recommendations are based on work done in the 
70-80’s decades (Fontoura et al., 2006). In this 
sense, another key issue for reduction of income 
is the degree to which defoliation reduces light 
interception by the canopy (Higley, 1992). 

The loss of leaf area during the 
reproductive stages is more harmful than during 
the vegetative stages, with the emergence and 
development of more sinks (reproductive 
structures) at this stage, which require a greater 
amount of photoassimilates for maintenance 
(Sediyama et al., 1996). So, most studies that 
evaluate the effects of defoliation in soybeans 
exclusively during the reproductive period (Barros 
et al., 2002; Costa et al., 2003). However, there 
are few studies that quantify the effects and 
establish tolerance limits of defoliation at 
different stages of the growing season on yield 
components and other morphological characters 
of agronomic interest.   

Furthermore, most studies evaluating 
defoliation used determinant cultivars (Ribeiro 
and Costa, 2000); (Peluzio et al., 2004); (Diogo et 
al., 1997); however, the current trend is for the 
development of cultivars with indeterminate 
growth (Mundstock and Thomas, 2005), which are 
potentially more productive. Also, it is important 
to assess the impact of biotic stresses in various 
climatic conditions by evaluating whether the 
environment is aggravates or relieves losses from 
pests. Based on the above, the study reported 
here evaluates the influence of defoliation of a 
soybean plant with indeterminate growth in 
different vegetative stages on morphological 
characters and yield components. 
 
MATERIAL AND METHODS 

 
The present work was conducted on soil 

classified as Latosol Alumino-Ferric. The climate is 
Cfa type according to Köppen, subtropical. The 
conduct of the study occurred in two crop years 
2010/2011 and 2011/2012. The indeterminate 
soybean cultivar ‘Roos Camino RR’ (very early, 
maturity group 5.3) was used in both years. The 

experimental area was demarcated within a field 
managed with applications of insecticides and 
fungicides in a preventative manner. The products 
used were: Priori Xtra and Methamidophos, 
applied every 20 days. 

The experimental design used was a 
randomized block design with seven treatments 
and four replications, totaling 28 experimental 
units for each year, allocated in a two factorial (7 
treatments x 2 agricultural harvests). Each plot 
consisted of four lines of sowing three meters 
long, spaced 0.45 m. The seeding density was 
330,000 plants ha-¹. The sowing was carried on 
October 15 for the 2010/2011, and October 20 for 
2011/2012 season. Defoliation was simulated 
artificially in a manual way, in specified periods 
we proceeded to remove all leaves from each 
node including the petiole.   

The identification of development stages 
was based on the description of Fehr and Caviness 
(1977). The stage classification of soybean 
development proposed by the authors accurately 
identifies the stage of development of plant of 
soybean. There were the following leaf removal 
treatments have followed leaf removal 
treatments for: T1: no defoliation, T2: withdrawn 
the pair of unifoliate leaf the V4 stage of this and 
the other treatments (T3, T4, T5, T6, T7), T3: 
removed the first trifoliate at V5, this and the 
remainder (T4, T5, T6, T7), T4: withdrawn the 
second trefoil in V6, this and (T6 and T7), T5: 
detached in the third trefoil V7, and this 
treatment (T6 and T7) T6: detached in the fourth 
trefoil stage V8 T6 and T7, T7: this latest 
treatment consisted in the withdrawal of the fifth 
trefoil stadium in V9. 

For the sampling, 0.5 m at the ends of the 
lines and the two lateral lines of each 
experimental unit were avoided to minimize 
potential effect of the edges. Ten plants of each 
plot were harvested. The variables analyzed were: 
Height of main stem (HS): Distance between the 
ground level to the apex of the main stem in 
centimeters; Number of branches (NB): Count of 
all branches of plants per replication and divided 
by the number of plants sampled; Length of 
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branches (LB): Measure the distance between the 
insertion of the stem secondary on the main stem 
to the apex of the stem secondary, all branches of 
the plants evaluated, the measures were summed 
and divided by the number of branches in 
centimeters: First pod insertion on the main stem 
(LPN): determined by the distance between the 
ground level and first pod insertion on the main 
stem in centimeters; Number main stain pods 
(MSP): summation of pods on the main stem; 
Number of branch pods (BP): sum total pods in 
branches; Number of pods per plant (TP): sum of 
the number of pods on the main stem and 
branches of each plant; Reproductive number of 
nodes on the main stem (RNMS): total nodes that 
had at least one pod with grain inserted on the 
main stem; Number of nodes in reproductive 
branches (NRB): total nodes that had at least one 
pod with grain inserted in the branches; Total 
number of nodes on the main stem (NMS): total 
nodes on the main stem; Total number of nodes 
in the branches (NNB): total nodes in the 
branches; Number of pods  per node (NPN): pods 
number divided by total number of nodes; 
Distance between nodes (DBN): distance between 
nodes on the main stem in centimeters; Grain 
Yield: adjusted to 13% moisture, transformed to 
hectare, kg ha-1. 

The results obtained for the two 
agricultural harvests were submitted to Analysis 
of Variance. Where significant interactions were 
not observed, treatment separations were made 
using a Tukey’s test at 5% probability. 
 
RESULTS AND DISCUSSION 

 
The analysis of variance did not reveal 

significant interactions for the variables height of 
first pod insertion (LPN), number of pods on 
branches (BP), number of pod per node (NPN), 
number of reproductive nodes on the main stem 
(RNMS), the branches (NRB), number of nodes on 
the stem (NMS), the branches, internodes 
distance (DBN) and number of pods per plant 

(TP). Interaction, which were analyzed separately 
for factor treatment (Table 1). 

The analysis of variance revealed 
significant effects for interaction treatment x 
growing seasons for the variables stem height 
(HS), number of branches (NB), length of branches 
(LB), number of pod on the main stem (MSP), and 
yield grains, demonstrating that the response to 
defoliation fluctuates with the timing of 
defoliation (Table 2). 

For these variables, only the number of 
pods per plant was also significant for defoliation 
treatments. The treatment 7 with greater 
intensity had the greatest number of pods per 
plant compared to treatment 2, but did not differ 
from control without defoliation. None of the 
other treatments differed from the control 
without defoliation indicating no effect of 
defoliation on the number of pods per plant. This 
is not consistent with results of Diogo et al. 
(1997), which demonstrated an increase of up to 
82.76% in the number of pods and defoliation of 
33% and 66% for stage V9, and other stages, or of 
Parcianello et al. (2004), who demonstrated that 
there was a beneficial effect of removing leaf area 
in stage V9 on the number of pods per m² at 
various levels of defoliation. The authors 
attributed these results to the increased incidence 
of light in the canopy that allowed greater fixing 
pods. In this study there was no increase in the 
number of pods compared to control, but the 
levels of defoliation did not reduce the pods in 
the plant, mainly due occur higher incidence and 
light penetration within the canopy. These results 
also do not agree with Reichert and Costa (2003), 
who found all defoliation treatments reducing the 
number of normal pods. Stress by defoliation in 
V4 has negative effects on the number of pods 
per plant, occurs in the early stages of the plants 
more sensitive to stress and damage caused by 
defoliation at this stage provides an important 
component to reducing soybean yield. 
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Table 1. Average results obtained for the treatments to first pod insertion (LPN), number of pod on 
branches (BP), number of pod per node (NPN), number of reproductive nodes on the main stem (RNMS), 
number of nodes reproductive branches (NRB), total number of nodes on the stem (NMS), total number of 
nodes the branches (NNB), distance between nodes (DBN) and number of pods per plant (TP), in soybean, 
Frederico Westphalen, seasons 2010 / 2011 and 2011/2012. 

Treatment LPN BP NPN RNMS NRB NMS NNB DBN TP 

1* 10.307 a 5.3 a 2.48 a 9.44 a 2.77 a 12.45 a 3.11 a 4.62 a 31.32 ab 

2 9.923 a 4.46 a 2.4 a 10.07 a 2.12 a 13.16 a 2.12 a 4.51 a 29.91 b 

3 11.447 a 7.35 a 2.67 a 9.54 a 2.21 a 13.18 a 2.35 a 4.51 a 33.19 ab 

4 11.017 a 5.11 a 3.00 a 9.65 a 1.78 a 12.88 a 2.14 a 4.53 a 34.45 ab 

5 8.079 a 3.31 a 2.72 a 10.31 a 1.52 a 12.66 a 1.52 a 4.75 a 32.98 ab 

6 10.839 a 3.75 a 2.72 a 10.08 a 1.51 a 13.37 a 1.51 a 4.53 a 33.44 ab 

7 9.543 a 4.47 a 2.75 a 10.27 a 1.71 a 12.34 a 1.74 a 4.84 a 37.45 a 

2010/2011 7.01 b 7.51 a 3.03 a 11.16 a 2.96 a 13.98 a 3.19 a 3.68 b 43.51 a 

2011/2012 14.36 a 1.23 b 2.21 b 8.24 b 0.62 b 11.37 b 0.57 b 5.85 a 19.57 b 

CV(%) 22.83 62.68 13.58 7.57 52.00 8.26 46.66 13.27 13.41 

Means followed by the same lower case letter in the column do not differ by Tukey test at 5% probability of error. *T1: no 
defoliation, T2: withdrawn the pair of unifoliate leaf the V4 stage of this and the other treatments (T3, T4, T5, T6, T7), T3: 
removed the first trifoliate at V5, this and the remainder (T4, T5, T6, T7), T4: withdrawn the second trefoil in V6, this and (T6 and 
T7), T5: detached in the third trefoil V7, and this treatment (T6 and T7) T6: detached in the fourth trefoil stage V8 T6 and T7, T7: 
this latest treatment consisted in the withdrawal of the fifth trefoil stadium in V9. 

 

Table 2. Average results obtained for the interaction effects of stem height (HS), number of branches (NB) 
and length of branches (LB), number of pod on the main stem (MSP) and grain yield (kg ha-1) in soybean 
crops in 2010/2011 and 2011 2012 (11/10 - 11/12), Frederico Westphalen, 2013. 

Variable                   HS              NB                LB 

Treat/Crop 10-11 11-12 10-11 11-12 10-11 11-12 

1* 66.50 a A 69.96 a A 1.75 a A 0.62 ab B 23.10 abA 11.27 ab B 
2 64.00 ab B 71.26 a A 1.62 ab A 0.36 ab B 14.78 b A 1.62 ab A 
3 64.87 a A 67.85 a A 2.25 a A 0.05 ab B 2 6.25 a A 2.25 a A 
4 62.12 ab A 67.85 a A 1.62 ab A 0.05 b B 19.93ab A 1.62 ab A 
5 61.37 abc B 71.97 a A 0.75 c A 0.43 ab A 13.43 b A 0.75 c A 
6 55.75 c B 75.03 a A 0.87 bc A 0.15 b A 13.93 b A 0.87 bc A 
7 58.25 bc B 69.67 a A 0.50 c A 1.19 a A 13.62 b A 0.50 c A 

CV(%)                   6.75               57.53                  46.46 
Means followed by the same lowercase and uppercase in the column on the line do not differ by Tukey test at 5% probability of 
error. *T1: no defoliation, T2: withdrawn the pair of unifoliate leaf the V4 stage of this and the other treatments (T3, T4, T5, T6, 
T7), T3: removed the first trifoliate at V5, this and the remainder (T4, T5, T6, T7), T4: withdrawn the second trefoil in V6, this and 
(T6 and T7), T5: detached in the third trefoil V7, and this treatment (T6 and T7) T6: detached in the fourth trefoil stage V8 T6 and 
T7, T7: this latest treatment consisted in the withdrawal of the fifth trefoil stadium in V9. 

 
For the other variables the removal of the 

lower leaves during the vegetative period, from 
the unifoliolates until the fifth leaf caused no 
change in the yield. Regarding the variables 

related to the nodes on the plant NPN, RNMS, 
NRB, NMS, NNB and DBN, these data agree with 
those of Sperb (2011) who observed that even 
with the 100% defoliation there was no difference 
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in the number of fertile nodes on the main stem 
and secondary in stages V6 and V9. However, 
according to Jiang and Egli (1993), these variables 
are important in determining the yield potential, 
since the TP is determined by the relative 
production of flowers and pods to make, being 
determined by the number of flowers and the 
number of nodes reproductive nodes present per 
plant. 

All of these traits who are related with 
number of pods per plant BP, NPN, RNMS, NRB, 
NMS, NNB, TP and MSP, values were minors in 
the agricultural year 2011/2012 (Table 1). This 
harvest showed low levels of precipitation (Figure 
1). Physiological and morphological changes in 
plants are often induced by adverse 
environmental conditions such as temperature, 
water availability, and solar radiation (Embrapa, 
2004). According Balardin et al. (2011) water 

deficit stress is more damaging on the soybean 
crop, causing extensive damage to the plant 
development.  

Only the lowest pod-bearing node on the 
main stem and the distance between nodes were 
higher than the agricultural year 2011/2012. 
Reductions in lowest pod node can affect the pod 
harvesting system, resulting in yield losses due 
harvester’s not performing cutting very near the 
ground.  According Peske et al. (2006), the 
insertion height of the pods is related to a 
characteristic related to efficiency of collection, 
together with plant height, level of branching, 
level of lodging and stem diameter. 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Extract water balance and solar radiation (MJ m² day-1) annually for the two years of evaluation, 
concerning the month of sowing (November) harvest (April), the municipality in Frederico Westphalen. 
Meteorological data: INMET, Campus Frederico Westphalen - UFSM Calculation method Thornthwaite & 
Marther. 

 
With respect to main stem height 

treatments 6 and 7 differed from other 
treatments, but not each other. To control the NB 
is shown with greater compared to treatments NB 

5, 6 and 7 for the 2010/11 harvest to 11/12 
differences occur between treatment 7 (major) 
compared to treatments 4 and 6 do not reveal 
significant differences between the other 
defoliation treatments. For the length of the 
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branches in V6 defoliation (treatment 3) proves to 
be superior to treatments, 2, 5, 6 and 7 to 
2010/11 harvest. For 2011/12 harvest treatment 
5 presents greater for the character, differing 
treatment 4, and do not differ from the others. 
Anyway both NB and LB show up with variations 
among the treatments in the two agricultural 
harvests, possibly the year variation factor has 
greater influence on these characters than the 
treatments employed. Diego et al. (1997) in a 
similar study, demonstrated decrease in the size 
of the plants, with higher levels of defoliation, and 
Peluzio et al. (2004) only demonstrated this 
decrease to 100% defoliation and from V5. 

With respect to main stem height 
treatments 6 and 7 differed from other 
treatments, but not each other. To control the NB 
is shown with greater compared to treatments NB 
5, 6 and 7 for the 2010/11 harvest to 11/12 
differences occur between treatment 7 (major) 
compared to treatments 4 and 6 do not reveal 
significant differences between the other 
defoliation treatments. For the length of the 
branches in V6 defoliation (treatment 3) proves to 
be superior to treatments, 2, 5, 6 and 7 to 
2010/11 harvest. For 2011/12 harvest treatment 
5 presents greater for the character, differing 
treatment 4, and do not differ from the others. 
Anyway both NB and LB show up with variations 
among the treatments in the two agricultural 
harvests, possibly the year variation factor has 
greater influence on these characters than the 
treatments employed. Diego et al. (1997) in a 
similar study, demonstrated decrease in the size 
of the plants, with higher levels of defoliation, and 
Peluzio et al. (2004) only demonstrated this 
decrease to 100% defoliation and from V5. In 
terms of the number of pods on the main stem 
(Table 3) due to the defoliation, one realizes that 

the TP is superior to treatment to 2010/11 
harvest where for the same harvest yield is higher 
in the treatment 7 compared to 5 and 1 
treatments did not differ from the others. For 
2011/12 harvest the MSP did not reveal variation 
for factor defoliation treatment. In relation to 
income in the same year agricultural treatments 
3, 5 and 7 are compared to the controls and 
treatment 6. Even with the large differences in 
pod numbers between years, total grain yield was 
not significantly different. Comparing the two 
agricultural seasons 2010/11 reveals be superior 
to the characters MSP and yield. Soybean closes 
stomatal apertures under water deficit, 
potentially reducing photosynthesis, these 
features are often observed in crops conducted 
one year to another, whose levels of precipitation 
are contrasting and provide the variability in grain 
yield (Farias et al., 2007). The positive response to 
yield (Table 3) with defoliation during the 
vegetative period was also observed by 
Parcianello et al. (2004), who attributed the 
greater fixing pods in the plant. Similarly, Diogo et 
al. (1997), observed a tendency to increase the 
productivity with defoliation of 33 and 66%, 
mainly in the V3 stage. Reichert and Costa (2003) 
assessed that up to 33% defoliation in the 
vegetative stages resulted in no change in yield, in 
the same way, and Fontoura et al. (2006) found 
that there was no significant effect of defoliation 
in vegetative period on the grain yield, but only 
assessed the stage V9 within the growing season. 
Similarly, Peluzio et al. (2004) demonstrated that 
defoliation of 33% in all growth stages and up to 
66% by the V5 results in no effect on productivity, 
results similar to those found in this work, where 
defoliation from V4 to V9 provided increases in 
productivity culture in relation to the control 
treatment. 
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Table 3. Average results obtained for the interaction effects of number of pod on the main stem (MSP) and 
grain yield (kg ha-1) in soybean crops in 2010/2011 and 2011 2012 (11/10 - 11/12), Frederico Westphalen, 
2013. 

Variable                 MSP                        Yield 

Treat/Crop   10-11 11-12 10-11 11-12 

1* 32.87 c A 16.28 a B 3616.14 b A 1676.68 b B 
2 30.25 c A 18.41 a B 4108.76 ab A 2125.92 ab B 
3 33 bc A 15.67 a B 3940.75 ab A 2625.23 a B 
4 35.62 b A 20.34 a B 4310.94 a A 2012.53 ab B 
5 37.62 b A 18.44 a B 3621.87 b A 2671.25 a B 
6 38.00 b A 17.98 a B 3938.15 ab A 1710.81 b B 
7 44.62 a A 16.84 a B 4278.89 a A 2537.51 a B 

CV(%)                   12.28                         12.77 

Means followed by the same lowercase and uppercase in the column on the line do not differ by Tukey test at 5% 
probability of error. *T1: no defoliation, T2: withdrawn the pair of unifoliate leaf the V4 stage of this and the other 
treatments (T3, T4, T5, T6, T7), T3: removed the first trifoliate at V5, this and the remainder (T4, T5, T6, T7), T4: 
withdrawn the second trefoil in V6, this and (T6 and T7), T5: detached in the third trefoil V7, and this treatment (T6 
and T7) T6: detached in the fourth trefoil stage V8 T6 and T7, T7: this latest treatment consisted in the withdrawal of 
the fifth trefoil stadium in V9. 
 

This positive response in yield may be 
related to the source-sink relationships in plants. 
The withdrawal with defoliation to V9 may have 
represented a reduction in competition for 
photoassimilates, but mainly for soil nutrients and 
water between plant organs. The largest volumes 
of nutrients to be passed for the maintenance of 
reproductive structures, physiological 
mechanisms by own culture, in contrast to the 
leaves, leading to decrease in the abortion of 
flowers and vegetables and possibly the largest 
grain filling, which was reflected in increased 
yield. According to Bueno et al. (2010), the effect 
of defoliation in vegetative stages usually has little 
or no effect on grain yield, because the soybean 
plant recovery present in this period, with the 
issuance of new leaves, and in addition to this 
feature the culture still has area leaf in excess, 
which favors maximum solar radiation 
interception by the leaves remnants. 

In a study of Haile et al. (1998), with 
cultivar of indeterminate growth habit argues that 
the loss of leaf area increased the ability of light 
interception by the plant canopy openness and 
caused delay in leaf senescence. These two 
changes are translated into higher photosynthetic 

capacity for a longer period of time, which 
contributes to the understanding of the results 
found in this study for higher grain yield levels of 
defoliation V4 to V9 in two agricultural 
respectively.  

The results did not corroborate with 
others who claim that soybean has monocarpic 
senescence (Munné-Bosch and Alegre, 2004), 
requiring energy coming from the senescence of 
old leaves for their vegetative and reproductive 
development. In this study as defoliation was 
initiated in the V4 stage the leaves did not have 
characteristics of early senescence and all the 
energy contained ceased to be reused by plants. 
Analyzing the variables number of pod on the 
main stem and grain yield under the guise year of 
cultivation in the agricultural year 2010/2011 it 
obtained the highest results, which is attributed 
to better water conditions found in that year 
(Table 2). 

Small intensities of defoliation on soybean 
do not translate into loss of productivity. Studies 
like this, however, bring more specific results for 
the cultivar studied, and may extend in part to 
similar cultivars, because the architecture of 
plants to be decisive in sensitivity to defoliation, 
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and for both, new study should be conducted 
with cultivars different sizes and architectures. 
 
CONCLUSIONS 

 
For the cultivar used and other conditions 

established in this study, it is concluded: 
The defoliation during the vegetative 

stages, until the levels tested did not influence 
the first pod insertion, number of pod on 
branches, number of pod per node, number of 
reproductive nodes on the main stem, number of 
nodes reproductive branches, total number of 
nodes in stem, total number of nodes the 
branches, distance between nodes and number of 
pods per plant. 

The defoliation did not affect grain yield 
for the two agricultural harvests evaluated. 
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