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Effect of defoliation on production components at different growth
stages of cowpea?

Efeito da desfolha em diferentes estadios fenoldgicos do feijao-caupi sobre
componentes de producao

Oscar José Smiderle?*, Hyanameyka Evangelista de Lima-Primo?, Haroldo Duarte Barbosa® and Aline das
Gracas Souza*

ABSTRACT - Cowpea (Vigna unguiculata (L.) Walp.) is an important crop for food and the main source of plant protein
for tropical and subtropical regions of the world. The objective of this study was to verify the influence of defoliation
levels in three stages of development of cowpea plants cv. ‘BRS Braganga’ on production components. The experiment
was carried out at Embrapa Roraima in a greenhouse adopting the completely randomized design with five replications
arranged in a factorial scheme 3 x 3. Three phenological stages (trifoliate leaves, flowering, and pod production) and three
levels of defoliation (0%; 33% and 67%) were considered. The number of pods per plant (nPPI), number of seeds per pod
(nSP), number of seeds per plant (nSPI), mass of seeds per plant (mSPI, g), yield estimate (ePROD, kg ha™) and mass of
one thousand seeds (m1000S, g) were evaluated. The production components of cowpea cv. BRS Braganca varied with the
growth stages of the plant and defoliation levels. Defoliation levels do not influence the number of seeds per pod at the three
growth stages, although the mass of one thousand seeds is reduced with defoliations of 33 and 67%. Defoliation above 33% at
the flowering stage reduces the number of seeds per plant, mass of seeds, and pods per plant, as well as yield estimate. On the
other hand, defoliations of 67% reduced the number of pods per plant and seeds per pod at the flowering and pod production
stages, respectively.
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RESUMO - O feijdo-caupi (Vigna unguiculata (L.) Walp.) é uma cultura importante para a alimentac&o, sendo a principal fonte
de proteina vegetal da populacéo de regides tropicais e subtropicais do mundo. Objetivou-se verificar a influéncia de niveis de
desfolha em trés estadios de desenvolvimento de plantas de feijdo-caupi cv. BRS Braganga sobre componentes de produgao.
O trabalho foi realizado em casa-de-vegeta¢do da Embrapa Roraima, adotando-se o delineamento inteiramente casualizado,
com cinco repeti¢des, dispostos em esquema fatorial, 3 x 3, considerando trés estadios fenoldgicos (trifélios; florescimento
e produgdo de vagem) e trés niveis de desfolha (0;33 e 67%). Avaliou-se o nimero de vagens por planta (nVVP), o nimero de
sementes por vagem (nSV), nimero de sementes por planta (nSPI), massa de sementes por planta (mSPI, g), estimativa da
produtividade (ePROD, kg ha?) e a massa de mil sementes (M1000S, g). Os componentes de produgdo da BRS Braganca
variam com os estadios fenoldgicos da planta e niveis de desfolha. O nimero de sementes por vagem ndo é influenciado
pelos niveis de desfolha nos trés estadios fenoldgicos, mas a massa de 1000 sementes é reduzida com desfolhas de 33 e 67%;
desfolhas acima de 33%, no estadio de florescimento, causam redugdo no nimero de sementes por planta, na massa de sementes
e de vagens por planta e na estimativa de produtividade, enquanto que desfolhas de 67% reduzem o ndmero de vagens por
planta, no estadio de florescimento e no estadio de vagem o nimero de sementes por vagem.
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INTRODUCTION

Cowpea, which is also known as macassar bean or
string bean (Vigna unguiculata (L.) Walp.), is a legume
grown in South and Central America, Asia, Oceania,
Southwestern Europe and the United States (ASFAW;
BLAIR, 2012). Data from 2012 indicated that 2.94 million
tons were harvested in Brazil, with a yield of 1037.24 kg
ha! (FAO, 2016), and production was concentrated in the
northeastern region of the country. Brazil is the fifth largest
producer of cowpea, whereas the largest are Nigeria and
Niger (GUILHEN et al., 2016).

This bean is the staple food of the low-income
populations in the northern and northeastern states of
Brazil (LIMA et al., 2011). In the northeast, the main
producing states are Ceard, Piaui, and Bahia (MELVILLE
et al., 2016), in which family farmers (SILVA et al., 2010)
grow this bean on uplands.

Due to climate adversities, the second crop of
2013/14 in the northern and northeastern regions of
the country suffered a drop of 142.8 thousand tons
(EMBRAPA, 2016). Furthermore, although the national
average yield is low (309 kg ha?), cultivar potential
can be up to 2.000 kg ha' (MOURA et al., 2014). The
main causes of these yields are related to the irregularity
of rains, inadequate water supply in irrigated cultivation,
use of low technological level systems, and phytosanitary
problems (MATOS FILHO et al., 2009).

Phytosanitary problems such as web blight,
which is caused by the fungus Rhizoctonia solani Kihn
[Thanatephorus cucumeris (Frank) Donk], can limit
crops under favorable conditions to its occurrence
(NECHET; HALFELD-VIEIRA, 2006). Bacterial blight
caused by Xanthomonas axonopodis pv. vignicola
(MORETTI et al., 2007) is considered a disease that
damages crops. In Brazil, it occurs more specifically in
the states of Ceara, Piaui, and Roraima (LIMA-PRIMO
et al., 2015; MOURA et al., 2014; HALFELD-VIEIRA,;
NECHET; SOUZA, 2011). Defoliator insects, such as
Diabrotica speciosa and Cerotoma arcuata (Coleoptera:
Chrysomelidae), as well as fall armyworm Spodoptera
frugiperda, striped grass looper Mocis latipes, and
black armyworm Spodoptera cosmioides (Lepidoptera:
Noctuidae) (FREIRE FILHO et al., 2005) also occur in
cowpea crops.

In order to control agricultural pests, there must
be an economic interest. Thus, the minimum number of
leaves that a plant should have to enable a maximum of
fruits or roots should be discussed (NAKANO, 2011).
Studies of artificial defoliation are useful for simulating
damage to plants, such as those by defoliator insects.

Studies have shown that the common bean
Phaseolus vulgaris L. can stand considerable levels of

defoliation, varying with the season and intensity of
defoliation (SCHMILDT et al., 2010). Moura et al. (2014),
in a study with BR 17- Gurguéia, found that defoliation
of 60% in the vegetative phase reduces grain yield, while
in the reproductive phase 47% of defoliation affects yield.

However, no studies on leaf area reduction of BRS-
Braganga are found in the literature compared to defoliation
provoked by pest insects, which cause significant losses
in grain yields in Roraima. Thus, the present study aimed
to verify the influence of levels of artificial defoliation at
three phenological stages of cowpea plants BRS-Braganga
cultivated in a greenhouse on production components.

MATERIAL AND METHODS

The experiment was carried out in the seed
laboratory and greenhouse of the Brazilian Agricultural
Research Corporation Seed Department (EMBRAPA) of
the state of Roraima. It is localized in the municipality of
Boa Vista, RR, and situated in the geographic coordinates
02°45’28” N and 60°43’54” W. According to the Kdppen
classification, the climate of the region is type Aw (humid
tropical) with annual average temperature of 26.7 °C
and annual average rainfall of 1.750 mm (SMIDERLE;
SOUZA, 2016).

In order to obtain plants at different phonological
stages, the seeds of cowpea of cv. BRS Braganca
were sown at three intervals of 15 days. Sowing was
performed in plastic pots of 5.0 L containing a substrate
composed of mixtures of soil and sand (v/iv 2:1).
Thinning was performed 10 days after sowing (DAS)
and only one plant per pot was maintained. Irrigation of
the plants was carried out daily by utilizing deionized
water according to the necessity of the plant in each
pot for 70 DAS.

The experiment was completely randomized and
arranged in a factorial scheme with three phenological
stages of cowpea plants, namely, i) stage with to two
to three trefoils (TS), ii) flowering stage (FS), and iii)
pod stage (PS). In addition, three levels of defoliation
were carried out with 0; 33 and 67% of the removal of
leaflets of the trefoil. Five replications were performed
and each plot had one plant each. Defoliations of all levels
were conducted with the aid of a pair of pruning scissors
obeying the following standard: 0% = plant without
defoliation (control); 33% = plant with removal of the
central leaflet of each trefoil 67% = plant with removal of
the side leaflets of each trefoil.

Upon maturation of the first pods, pod collection
began at two-day intervals up to 70 DAS. After each
collection, plants were placed into previously identified
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paper bags and taken to the laboratory for analysis. The
number of pods produced per plant and nSP were obtained
by counting. The number of seeds per plant was obtained
by multiplying the previous variables. The mass of seeds
per plant (g) was obtained by the mass of the seeds
produced per plant. Yield estimate (ePROD, in kg ha?)
was established by the mass per plant, while considering
the population of 120.000 plants per hectare and mass
of 1.000 seeds (m1000S, in g) obtained from 100 seed
samples.

After hand threshing and seed count, one
thousand seed mass (m1000S) was determined by
separating four samples of 100 seeds from each
treatment. Seed samples were maintained in an oven at
105 °C for 24 h for moisture determination (BRASIL,
2009) and correction of the weights of the seeds to
13% (BRASIL, 2009).

For data analysis, the values of the variables
surveyed were submitted to the Shapiro-Wilk normality
test and Bartlett homogeneity test. Next, the values
were submitted to the variance analysis (ANOVA) and
comparison of means by the Tukey test (a < 5%) utilizing
the software SISVAR (FERREIRA, 2011).

RESULTS AND DISCUSSION

The mean squares and levels of significance by
the F test are observed for the production characteristics
evaluated (Table 1). In the data analysis, a significant
difference (P<0.05) was found for phenological TS,
FS, PS, and defoliation levels (D1 = 0%, D2 = 33%
and D3 = 67%). For the interaction phenological stage
x defoliation, a significant difference for the nSP and
m1000S was observed. Although the factor phonological
stage was significant for the variables nSP and m1000S,
the variables nPPI, nSPI, mSPl, m1000S, and ePROD
presented significance in the defoliation factor (Table 1).

When different phenological stages (Table 2)
were analyzed within the factors D1 and D2 (0 and 33%
of defoliation) relative to the variable nPPI, there was
no significant difference (P>0.05). However, plants that
presented 67% of defoliation (D3) differed significantly
(P<0.05) by the Tukey test in the nPPI between the
different phenological stages. Plants at the phenological
FS presented lower nPPI, thus differing significantly from
TS, although not differing from PS. The highest average
values of nPPI were obtained at the TS and phenological
PS (Table 1). This demonstrates that between the different

Table 1 - Summary of the variance analysis (Mean Squares and significance by the F test), coefficients of variation, and general
means obtained for number of pods per plant (nPPI), number of seeds per pod (nSP), number of seeds per plant (nSPI), mass of seeds
per plant (mSPI, g), yield estimate (ePROD, kg ha) and one thousand seed mass (m1000S, g), obtained in cowpea plants cv. BRS
Braganca at the phenological stages of 2 to 3 trefoils (TS), flowering (FS) and pod formation (PS), with defoliation of 0%, 33% and

67%, cultivated in a greenhouse

FV GL nSP nSPI
Stage 6.116™ 1.185** 200.627™
Defoliation 22.816** 0.336™ 1922.627**
SxD 7.483™ 0.551* 552.664"
Residue 36 2.922 0.193 237.388
Total 44 193.000 12.212 15019.14
CV% 2.01 4.32 14.29
Mean 10.66 10.17 107.85
GL mSPI ePROD m1000S
Stage 2 16.709™ 240302.79™ 167.525**
Defoliation 182.662** 2630486.29** 1822.599**
SxD 23.342™ 336180.56™ 46.243**
Residue 36 10.506 151263.764 1.592
Total 44 870.349 12531795.9 4222.56
CV% 14.47 14.47 0.61
Mean 22.39 2687.3 206.809

** (p<0.01); * (p<0.05); ™ (non-significant)
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Table 2 - Average values of the number of pods per plant (nPPI), number of seeds per pod (nSP), one thousand seed mass
(m1000S), number of seeds per plant (nSPI), mass of seeds per plant (mSPI), and yield estimate (ePROD, kg ha™!) obtained in
cowpea plants cv. BRS Braganca at the phenological stages of 2 to 3 trefoils (TS), flowering (FS) and pod formation (PS), with
defoliation of 0% (D1), 33% (D2) 67% (D3), cultivated in a greenhouse

Production components

Phenological Stages nPPI nSP
D1 D2 D3 D1 D2 D3

TS 12.50 aA 10.60 aA 11.10 aA 9.53 bB 10.27 aA 9.83 bAB
FS 11.70 aA 11.50 aA 7.50 bB 10.45 aAB 10.07 aB 10.78 aA
PS 11.50 aA 9.90 aA 9.70 abA 10.02 abA 10.35aA 10.25 abA
Mean 11.90A 10.67 AB 9.43B 10.00 A 10.23A 10.28 A
CV (%) 16.00 4.32

m21000S (g) nSP1

D1 D2 D3 D1 D2 D3
TS 218.9aA 210.3aB 202.3aC 119.0 aA 108.4 aA 108.6 aA
FS 219.1aA 199.3¢cB 193.7cC 122.1 aA 115.5 aA 80.5 bB
PS 218.9aA 202.2hB 196.5bC 114.9 aA 102.0 aA 99.2 abA
Mean 2189 A 203.9B 1975C 118.7A 108.7 AB 96.1B
CV (%) 0.61 14.29
mSPI (g) ePROD (kg ha?)
D1 D2 D3 D1 D2 D3

TS 26.0 aA 22.8aA 219 aA 3126 aA 2737 aA 2636 aA
FS 26.7 aA 23.0aA 15.6 bB 3209 aA 2763 aA 1872 bB
PS 25.1aA 20.6 aAB 19.5abB 3022 aA 2476 aAB 2340 abB
Mean 25.9A 22.1B 19.0C 3119A 2659 B 2283 C
CV (%) 14.47 Estimating 120 thousand plants

*P For each production component, means followed by the same lowercase letter in the column and uppercase in the row are not significantly different

(P<0.05) by the Tukey test

phenological stages of the plant, FS was the most affected
when the plant had 67% of its leaf area removed, which
may have contributed to nPPI reduction.

These results corroborate studies conducted by
Moura et al. (2014) with BR 17- Gurguéia genotype of
cowpea. The authors reported that during the vegetative
phase for defoliation levels at 25, 50, and 75%, no
differences were observed from the control in any of the
production components evaluated.

Ezedinma (1973) suggests that a reduction in the
number and area of leaves when accompanied by better
distribution can make cowpeas more productive. Epstein
and Bloom (2006) stated that plants accumulate biomass
until the reproduction phase and from that phase on plant
senescence with consequent gradual decrease of biomass
is started. This would justify yield overcompensation
when the loss of leaf area occurs at the vegetative phase.

Moura (1999), in a study carried out with the
common bean (P. vulgaris), reported that the loss of leaf
area affects the yield components. Additionally, nPPI is
the most influenced, while the grain weight is the least
affected. In the present study, these parameters were
influenced by defoliations at 67% at the FS.

According to Bahry et al. (2013) and Fontoura,
Costa and Daros (2006), defoliation levels and the time
of leaf removal influenced negatively the number of seeds
and seeds per plant. Nevertheless, it is worth noting that
this reduction occurred mainly at the FS submitted to 67%
defoliation, corroborated by Moura et al. (2014).

Quintela (2009) stated that there is no significant
alteration to the number of pods, nSP, and 100-seed mass
for removal of the leaf area at different levels in the main
leaves of the common bean. This is in accordance only with
the parameter nSP when compared with the current study.
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According to Schmildt et al. (2010), photosynthesis
activity peaks in the flowering time due to the increase
in the size of sinks at this time. Thus, a greater need of
photosynthesis products for the plant to perform its
function of producing and filling pods is required. With
the defoliations that occurred in that phase, greater losses
were observed in the pod number, since not enough
photosynthesis occurred for the plant to perform this
function. It is likely that this occurred in a similar way
with the cultivar BRS Braganga due to the limitations in
photoassimilate availability as a result of the decreases in
the source/sink ratios.

When the phenological stages were analyzed
within factors D1 and D3 in relation to the variable
nSP, there was a significant difference (P>0.05) by the
Tukey test between PS, FS, and TS. However, within
factor D3, there was a significant difference in the nSP
between the different phenological stages since plants at
the TS presented lower nSP, differing significantly from
the FS, but not differing from the PS. Plants at the FS,
which did not differ from the PS (Table 2), presented the
highest nSP. The removal of 67% of the leaflets reduced
to m1000S regardless of the phenological stage of the
plant, being that, the higher the defoliation, the lower
the m1000S. Although plants at the FS presented higher
nSP, the removal of 67% of the leaflets reduced the nPPI,
which is likely due to the detriment of energy consumed
in their vegetative recovery.

Mouraetal. (2014) obtained significant effect of the
defoliation time on the nPPI while working with artificial
defoliation in cowpea plants at five levels at 25 and 40
days after planting. According to the study, defoliation of
100% at 25 DAS decreased the nPPI compared with the
same defoliation level at 40 DAS.

Furthermore, Moura (1999) evaluated four levels of
defoliation at four distinct time points in two bean cultivars
and found that the nPPI decreased as the defoliation level
increased. The greatest losses occurred in plants submitted
to defoliations of 100%, and such losses reached 42.0 and
45.1% in the cultivars Rosinha and Carioca, respectively.

These results are similar to those obtained by
Ezedinma (1973), who achieved similar yields in cowpea
production with defoliations of up to 50% in the period that
preceded flowering. Reductions in yield when defoliations
were applied before grain maturation were also found in
FS and PS. These findings corroborate with the study by
Schmildt et al. (2010), who studied the yield of the bean
Phaseolus relative to the defoliation levels, showing that
the yield decrease is higher at PS.

Other authors have concluded that there is not a
more prejudicial stage, but rather a period that goes from
flowering to grain filling (ZIL1O et al., 2011). The results

obtained in this study show coherence and reliability
and can be utilized as a basis in management programs
of defoliating pests of that cultivar. In turn, there was no
significant difference (P>0.05) by the Tukey test between
the phenological stages when they were investigated
within the D1 factor in relation to the variable m1000S.
Nevertheless, while analyzing within the defoliation
levels D2 and D3, a significant difference (P<0.05) was
observed in the variable m1000S between the different
phenological stages. Thus, within the factors D2 and D3,
the seeds concerning the plants at the TS were the ones
that presented the highest m1000S, thus differing from the
other phonological stages. The lowest m1000S was found
in the seeds obtained in leafless plants at the FS, both
at the D2 and D3, which differed significantly (P<0.05)
from both the PS and TS. In addition to the significant
difference (P>0.05) at the m1000S of seeds coming from
plants concerning the FS and TS, the removal of leaflets
up to 67% was reduced significantly at m1000S regardless
of the phonological stage of the plant, being that, the lower
the m1000S, the higher the defoliation.

Moura et al. (2014) carried out a study on
defoliation in cowpeas and concluded that there was a
significant difference in the two factors evaluated for the
100-seed mass. At 25 DAS, plants with 25% presented
heavier seeds and defoliations of 100% provided lighter
seeds. When defoliations occurred at 40 DAS, plants
with 25% of defoliation produced smaller seeds and
defoliations of 75 and 100% produced seeds of smaller
mass. Schmildt et al. (2010) evaluated the effect of four
defoliation levels in five different time points in the
common bean plant and found that there was a significant
difference just for the level of defoliation. Additionally,
the decrease in the 100 grain mass was more expressive
in plants with 100% of defoliations.

According to studies with bean plants, the
removal of leaves and the consequent reduction of the
photosynthetically active area provokes reduction in
the yield components due to the decrease in the amount
of photoassimilates produced (GLIER et al., 2015;
PRATISSOLI et al., 2012; RIFFEL et al., 2012).

In order to determine the percentage of loss, the
value of the m1000S concerning treatment D1 (0% of
defoliation) at the three phenological stages as 100% was
considered. Thus, the loss (%) at the m1000S for TS was
of 3.9 and 7.6% for the defoliation levels concerning D2
and D3, respectively.

At FS, the loss was of 9 and 11.6% at m1000S
for D2 and D3, respectively. At that stage, the plants
presented the highest percentages of loss. However, at PS,
there was a lower loss at m1000S when compared with
the other stages, which was 7.7 and 10.3% for D2 and D3,
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respectively. This probably occurred because at PS the
plant was already completely formed.

The number and mass of seeds per plant showed
significant reduction when the plants were defoliated at FS
by 67% (D3). No significant reduction of this parameter
was found at D1 and D2 within the phenological stages
of the plants, although lower mSPI was observed in the
D2 average. These two parameters, along with m1000S,
influenced seed yield estimative. In this estimate
(ePROD), defoliations D2 and D3 reduced regardless of
the phenological stages at 14.7 and 26.8%, respectively.

Moura et al. (2014) found a significant difference
in relation to the levels of defoliations applied in cowpeas.
At 25 DAS, there was only a decrease of yield with the
application of 100% of defoliation. However, at 40 DAS,
plants that had undergone defoliations of 25% presented
higher yields, and plants with 100% of loss of leaf area
presented lower yields per plant.

Schmildt et al. (2010) evaluated the effect of four
levels of defoliations in five different seasons in common
bean plants and found that yield was influenced by the
defoliation levels at the development stages, with the
exception of R9 (dry pods). Additionally, the defoliations
were more harmful at the R7 stage (pod formation) with a
yield reduction of about 80%.

Souza et al. (2014) evaluated the effect of artificial
defoliation in the vegetative stages on the number of
reproductive structures in soybean and grain yield and
observed that defoliations from 0 to 66.7% did not promote
a significant difference in yield. Moura et al. (2014)
evaluated the interference of defoliation levels from O to
100% in the vegetative and reproductive phases in cowpea
yields and concluded that there was a decrease in yield in
the vegetative state only with 100% of defoliation, and
greater losses in yield occurred when defoliation was in
the vegetative phase. In this manner, different responses
occur depending on the species used.

Moura et al. (2014) evaluated the interference
of defoliation levels of 0 to 100% in the vegetative and
reproductive phases in the cowpea yields and concluded
that in the vegetative and reproductive phases, there was a
decrease inyield only with 100% of defoliation, and greater
damage in yields occurred when there was defoliation in
the vegetative phase. This demonstrates that different
responses occur depending on the species utilized.

Moura (1999) assessed the effect of four levels
of defoliation in the common bean plant (0, 33, 67, and
100%) at four different time points (V3, V4, R6, R7, and
R8). The author observed that losses increased due to rising
defoliation levels, reaching average losses of 58.5 and
59.4% in the cultivars Rosinha and Carioca, respectively,

when submitted to 100% of defoliation. The author also
found that there was a difference between the cultivars
depending on the time in which they were submitted to
defoliation. The cultivar Rosinha was the most affected
with defoliations in the R8 phase (pod formation). On the
other hand, the cultivar Carioca was the most affected with
defoliations in the vegetative phase V4 (third trifoliate
leaf).

According to some authors, defoliation in the
vegetative phase does not cause much damage to legume
yield, but rather it occurs in the reproductive phase of the
crop, especially in the formation of legumes and during
grain filling (ANDRADE et al., 2010; FONTOURA;
COSTA; DAROQS, 2006). In addition, while working
with levels of defoliation at different vegetative stages,
Bahry et al. (2013) found that defoliation above 66.7%
significantly reduced yield of Glycine max.

Nevertheless, regarding the effect in different
stages of plant development, while aiming to verify the
effect of artificial defoliation of the bean plant cultivar
Xamego, Schmildt et al. (2010) observed that defoliations
were more damaging at the R7 stage (pod formation) with
approximately 80% of reduction in yield. According to
Zilio et al. (2011), the reduction in production and yield
per plant is due to the decrease in the nPPI and even the
average weight of the grains.

In turn, regarding the effect in different stages of
plant development, while aiming to verify the effect of
artificial defoliations of the bean plant cultivar Xamego,
Schmildt et al. (2010) observed that the defoliations were
more damaging at the R7 stage (pod formation) with about
80% reduction in yield. According to Zilio et al. (2011),
the reduction in production per plant and yield is due to
the decrease in the nPPI and the average weight of the
grains.

Halfeld-Vieira, Nechet and Souza (2011) reported
that the cultivar BRS Braganca used in the present study
was characterized as susceptible to bacterial blight. Thus,
the results herein may give epidemiological support to
future studies as well as the selection of promising material
for cowpea breeding programs.

CONCLUSIONS

1. The yield components of BRS Bragan¢a ranged
according to the phenological stages of plant and
defoliation levels;

2. The number of seeds per pod is not influenced by the
levels of defoliation at the three phenological stages,
although the m1000S is reduced by 33 and 67%
defoliations;
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3. Defoliations above 33% at the FS determine reduction
in nSPI, nPPI, mSPI, and yield estimate. Defoliations of
67% at the FS can reduce nPPI, and at the PS it can
reduce nSP.
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