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Abstract 
The reduction of foliar area can cause yield reduction in common bean crops. 
The objective of this work was to verify which is the effect of different defoli-
ation levels realized in several development stages of common bean (Phaseo-
lus vulgaris L. cv. Goytacazes) over yield, weight of 100 seeds and number of 
pods per plant. The experimental design was randomized blocks, in a 
split-plot arrangement with five replications. The plot corresponded to the 
five defoliation epochs (first trifoliate leaf, flowering, pods formation, pods 
filling, and dry pods). In each plot, the split plot was represented by the four 
defoliation levels (0%, 33%, 67% and 100%). It was observed a decrease of 
yield for all levels defoliation considering all development stages, except for 
dried pods. The highest decrease was detected for flowering and pods forma-
tion. Through the regression analysis got a greater reduction in yield with 
100% defoliation made at 42 days after emergence. The evaluation parameter 
that showed better relation with yield was a number of pods per plant. 
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1. Introduction

In Brazil, there is a good availability of improved varieties of common bean and 
adapted to the different regions, which facilitates the development of the crop. 
However, the lack of quality seeds in the desired quantity constitutes a serious 
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problem for the sector [1]. 
The reductions in bean production found in Brazil are mainly caused by co-

leopterans Diabrotica speciosa, Cerotoma sp. and Lagria vilosa, and by lepidoptera 
Hedylepta indicata, Pseudoplusia includens and Urbanus proteus, due to the 
reduction of leaf area [2] [3]. Also, the reduction of leaf area can also be caused 
by fungal, bacterial and viral diseases that can cause leaf falls [4]. 

Pest damage in bean crop can be observed from sowing until the beans are dry 
in the pods or even stored, and due to the diversity of species that occur, virtual-
ly all plant structures have been shown to be susceptible [5], especially if the oc-
currence of the pests coincides with the period from germination to flowering 
[2]. This is because the production is directly related to the photosynthetic ca-
pacity of the plants and, therefore, depending on the leaf area index [6] [7]. 
Thus, plants subjected to defoliation may have reduced production, mainly due 
to the decrease in the number of pods [4] [8] [9] [10], in seed mass and grain 
weight [3] [11], which leads to losses in production from 30% to 90% [5]. 

The significant effect on loss of grain yield at harvest varies due to the time 
and intensity of defoliation [3] [4] [9] [10] [12] [13], therefore, there is a close 
interrelation between production and defoliation, depending on the stage of de-
velopment of the plants [14]. However, the results of studies that indicate the 
defoliation season more damaging to the bean crop are quite contrasting. [3] 
[15] observed greater damage to the crop when defoliation was performed at the 
beginning of pod formation. [9] and [16] found that flowering was the most da-
maging stage. In contrast, [14] observed that the defoliation of 25% in plants 
with 10 and 17 days of age did not significantly decrease the production, but in 
plants with more than 24 days of age the defoliation at all levels reduced the 
production of the bean. Other authors [4] [8] [11] [12] [13] [17] concluded that 
there was no more harmful stage due to defoliation, but a period ranging from 
flowering to pod filling. 

It has been verified a varied behavior of the bean cultivars against simulated 
defoliation, as reported by [9], for “Carioca” and “Rosinha”, [16], for the cultivar 
“Pérola”, [13], for the cultivar “Capixaba Precoce”, [13], for the cultivar “Xame-
go” and [10] for the cultivar “Caupi”. However, no information is available on 
the levels of leaf area reduction of Goytacazes bean, in relation to the defoliation 
caused mainly by insect pests, which cause significant losses in grain production 
in the southern state of Espírito Santo. 

The objective of this work was to verify the effect of different levels of artificial 
defoliation of Goytacazes bean at different stages of development of the plants 
grown in field conditions in the south of the State of Espírito Santo, on the pro-
duction of grains, number of pods plant−1 and mass of 100 seeds. 

2. Material and Methods 

The work was carried out in the Rive experimental area of the Center of Agra-
rian Sciences of the Federal University of Espírito Santo, located in the city of 
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Alegre-ES, Brazil (Latitude: 20˚45' S, Longitude: 41˚29' W, Altitude: 150 m), 
during the months of October to December, using common bean (Phaseolus 
vulgaris L. cv. Goytacazes). 

The soil where the experiment was implanted is of the type clayey [18] and 
had the following chemical characteristics: pH = 6.9; Al3+ = 0.0 cmolc∙dm−3; Ca2+ 
= 3.7 cmolc∙dm−3; Mg2+ = 1.6 cmolc∙dm−3; P = 12 mg∙dm−3; K = 90 mg∙dm−3. No 
fertilization was done during the conduction of this work, because the nutrition-
al levels were adequate for the bean crop [19]. 

The experimental design was a randomized block design, with subdivided 
plots, with five replications. The plots were constituted by five periods of defoli-
ation [20]: V3—first trifoliolate leaf (at 15 days after emergence), R6—flowering 
(at 30 days after emergence), R7—pod formation (at 45 days after emergence), 
R8—pod filling (at 60 days after emergence) and R9—dry pods (75 days after 
emergence); and the subplots contained four levels of defoliation: 0%, 33%, 67% 
and 100% of trifoliolate leaves removal. Each plot was composed of two rows of 
3 m in length. The spacing used was 0.5 m between rows and 0.10 m between 
plants. As borders, two rows of the cultivar Capixaba Precoce were planted, 
sown in the same plot spacing, around each block. 

To obtain the defoliation levels, the manual removal of leaflets obeyed the fol-
lowing pattern for all removal times: 1) Plant without defoliation; 2) plant with 
33% of defoliation (removal of 1 leaflet per leaf); 3) plant with 67% defoliation 
(removal of 2 leaflets per leaf); 4) plant with 100% defoliation (removal of all 
leaflets). The defoliation was performed manually, without the use of any cutting 
instrument. 

The cultural treatments employed were those commonly recommended for 
bean culture. Sprinkler irrigations were done throughout the crop cycle in order 
to maintain the experimental area soil in the field capacity. Spraying with insec-
ticide and fungicide were done preventively, to avoid the action of pests or dis-
eases that would reduce the leaf area, since this should be done, according to the 
treatments, only in an artificial way. The insecticides used were trichorphon (800 
g∙ha−1), applied at 10 and 40 days after sowing, and methamidaphos (400 g∙ha−1), 
applied at 25 and 55 days after sowing. The fungicides used were based on chlo-
rothalonil (70 grams per 100 liters of water), applied at 10 and 40 days after 
sowing, and cuprous oxide (107 grams per 100 liters of water) applied at 25 and 
55 days after sowing. 

The plants to be harvested, at 92 days after sowing, were separated by subplot 
and the following variables were evaluated: number of pods per plant, mass of 
100 seeds, productivity (g∙plot−1), which was later converted into kg∙ha−1 for sta-
tistical analysis. 

The means of the variables were analyzed statistically by the F test and regres-
sion, being the analyzes made atraves the program GENES [21]. 

3. Results and Discussion 
There was a significant difference between the mean levels of defoliation (LD) 
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and stages of development (SD), beyond the interaction between these factors in 
relation to the variables productivity and number of pods per plant. As for the 
variable mass of 100 seeds, there was a significant difference only for LD (Table 
1). 

Productivity was linearly reduced as a function of LD at all stages of develop-
ment (Figure 1). It was observed that defoliation was more damaging in stages 
R6 (flowering) and R7 (pod formation), with a reduction of about 180 kg∙ha−1 for 
every 10% of defoliation, and in stage R8 (filling of pods), with a productivity 
reduction of approximately 120 kg∙ha−1 for every 10% of defoliation. 

Also in Figure 1, it can be noted that for the stages V3 (first trifoliolate leaf) 
and R9 (dry pods) the losses were approximately 40 kg∙ha−1 for every 10% of de-
foliation. These results are similar to those observed by several researchers in 
other cultivars [8] [11] [12] [13] [17]. In contrast, the results obtained in this 
study differ from those reported by [9], with cultivars Carioca and Rosinha, and 
by [16], with the cultivar Pérola, in which the defoliation at the R6 (flowering) 
stage caused larger reductions in production. It differs also from the results veri-
fied by [15] and by [3] who noticed that the R7 stage was the most impaired due 
to defoliation. 

Productivity as a function of SD equivalent in days after emergence (DAE) 
decreased, following the quadratic model, to 67% and 100% of defoliation 
(Figure 2). 

It can be observed in Figure 2 that the greatest loss of estimated productivity 
(84.1%) occurred with 100% of defoliation, done at 44 DAE. With 67% of defoli-
ation, the greatest productivity losses (29.1%) occurred at 49 DAE. [15] Record-
ed average productivity losses of 59.4% and 58.5% with 100% defoliation in the 
cultivars Carioca and Rosinha, respectively. [14] working with the cultivar Pérola,  
 
Table 1. Abstract of the analysis of variance for the variables productivity, number of 
pods per plant and mass of 100 seeds in the goytacazes cultivar influenced by four levels 
of defoliation (LD) in five stages of development (SD). 

Mean Squared 

SV DF 
Productivity 

(kg∙ha−1) 
Pods per Plant 

(n˚) 
Mass of 100 Seeds (g) 

Bloc 4 2,617,321.94 57.09 40.17 

SD 4 773,651.97** 55.05** 2.73ns 

Error a 16 120,379.59 9.42 3.98 

LD 3 6,392,553.46** 146.16** 29.74** 

SD x LD 12 651,795.31** 186.95** 2.03** 

Error b 60 73,746.08 18.14 1.31 

Average  1871.94 10.09 22.27 

CV(%)plot  18.53 7.61 8.97 

CV(%)sub-plot  14.51 5.44 5.15 

nsNot significant; **Significant at 1% probability by F test. 
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Figure 1. Productivity of Goytacazes bean cultivar as a function of the levels of defoli-
ation (LD, %) applied at different stages of development (V3, R6, R7, R8 and R9, cor-
responding to, respectively, 15, 30, 45, 60 and 75 days after emergence). 

 

 

Figure 2. Productivity of Goytacazes bean cultivar for different levels of de-
foliation in five stages of development (V3, R6, R7, R8 and R9), equivalent in 
days after emergence (DAE) in 15, 30, 45, 60 and 75 days, respectively. 

 

noted a reduction in productivity only when the defoliation was 50% or more, 
suggesting some stress. 

The loss of leaf area in common bean affects the yield components, due to 
changes in the physiological activity of the plants, ultimately influencing the 
crop productivity [7] [15]. The variations of defoliation responses verified in 
several studies demonstrate the variability of the genotypes and should not be 
extrapolated the results for the different cultivars. 
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The number of pods per plant was affected by LD at the development stages 
V3, R6 and R7 following a linear model (Figure 3). The reduction was more 
pronounced in R6 and R7, with a decrease of about 0.7 pods per 10% of defolia-
tion, which corresponded to the loss of about 50% of the pods in relation to the 
plants without defoliation. [13] observed average reductions of 58.1% and 55.5% 
of the number of pods for the cultivar Capixaba Precoce when 100% defoliation 
was applied at the R6 and R7 stages, respectively. [3] also observed a reduction 
in the number of pods with 100% of defoliation in cultivar Xamego, but this re-
duction was more pronounced in R7 (64%) than in R6 (41%). [4] obtained in 
cultivar Carioca Precoce a reduction of 64.5% and 62.2% of the number of pods 
in stages R6 and R7, respectively, when defoliation was 100%. 

In legumes, photoassimilates, produced by the leaves, are accumulated inter-
mediates in the branches and later translocated to the pods [22]. [23], in a study 
with soybean, reported that, due to the increase of the size of the drains during 
flowering times and during the filling of the pods, peaks of photosynthetic activ-
ity occur, indicating a greater need of photoassimilates at these stages of plant 
development. The authors noted that defoliation during these phases cause 
greater losses in the number of pods, because current photosynthesis was not 
sufficient to meet the demand in those times. It may be suggested that probably 
the same with cultivar Goytacazes, due to limitations in the availability of pho-
toassimilates, by the decreases in source/drainage ratios. 

Regarding SD, the number of days after emergence (DAE) can explain the 
number of pods per plant according to the quadratic model, when the plants 
were submitted to defoliation of 67% and 100% (Figure 4). It can be noted that 
the lowest number of pods per plant (5.88) occurred with 100% of defoliation at 
38 DAE, while in the absence of defoliation an average of 11 pods per plant was 
produced. It should be noted that the lowest yields coincided with the R6 to R8 
stages (30 to 60 DAE) as shown in Figure 1. 
 

 
Figure 3. Number of pods per plant of the Goytacazes bean cultivar in 
function of the levels of defoliation (LD, %) applied at different stages 
of development (V3, R6, R7, R8 and R9, corresponding to 15, 30, 45, 
60 and 75 days after emergence). 
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Figure 4. Number of pods per plant of Goytacazes bean cultivar for 
different levels of defoliation in five stages of development (V3, R6, R7, 
R8 and R9), equivalent in days after emergence (DAE) in: 15, 30, 45, 
60 and 75 days. 

 

 
Figure 5. Mass of 100 seeds of Goytacazes bean cultivar in function by 
levels of defoliation (LD, %). 

 
The mass of 100 seeds in function of LD was shown to a linear reduction 

(Figure 5). An average of 23.35 g was obtained for every 100 seeds in the ab-
sence of defoliation and 21.18 g for 100% of defoliation corresponding to 9.29% 
reduction. The reduction of grain mass due to defoliation in common bean was 
also observed by other researchers [3] [10] [11] [12]. This reduction, however, 
was lower than that observed for number of pods per plant (Figure 3 and Figure 
4), as also observed by other authors [3] [9] [24]. 

The removal of leaves and consequent reduction of the photosynthetically ac-
tive area certainly causes reduction in the yield components, by reduction in the 
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amount of photoassimilates produced [7] reported that the reduction of bean 
leaf area caused by the beetle Epilachna varivestis causes a reduction of the pho-
tosynthetic rate in plants, associated mainly with the use of phosphate and the 
need for regeneration of ribulose 1,5-bisphosphate carboxylase (Rubisco). 

4. Conclusion 

Defoliation of 33% can already be considered harmful to the development of 
common bean. The greatest productivity declines occurred with defoliation 
during flowering and filling of the pods. Reduction of leaf area at 75 days of 
plant development, did not significantly interfere in productivity, coinciding 
with the end of the cycle. The number of pods per plant is the yield component 
that most affected productivity. 
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