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ABSTRACT: The state of Pará is the main regional producer of cowpea, but its yield is still low compared to 
other states of the Northern region such as Amazonas and Tocantins, due to the management adopted and the 
water regime during the cycle, since its cultivation is conducted on a rainfed basis. The objective of this study 
was to evaluate how water deficit imposed during reproductive stage interferes in the yield of cowpea and 
in its water use efficiency under the climatic conditions of Castanhal, Pará, Brazil, for agricultural planning 
purposes. The experiment was carried out in Castanhal, northeastern region of the Pará state during the dry 
season of 2014, 2015 and 2016. The experimental design was randomized blocks with six blocks and four 
treatments, corresponding to different irrigation depths in the reproductive stage, defined as 100, 50, 25 and 
0% of the crop evapotranspiration. Water use efficiency (WUE) was determined by the ratio between total 
grain yield and total water used in each treatment. Maximum water availability led to an average increase 
in yield of 58% compared to the treatment without irrigation. Water depths below 260 mm limited yield to 
values lower than 1,000 kg ha-1. The cultivar adopted had WUE of 4.63 kg ha-1 mm-1, in response to the higher 
levels of water supply, but showed WUE of 4.31 kg ha-1 mm-1 under water depth of 50% of water demand.
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Produtividade e eficiência do uso da água
do feijão-caupi sob deficiência hídrica

RESUMO: O estado do Pará é o maior produtor regional de feijão caupi, mas a produtividade alcançada ainda 
fica abaixo de outros estados da região Norte como Amazonas e Tocantins, devido ao manejo adotado e ao regime 
hídrico durante a safra, uma vez que seu cultivo é realizado em regime de sequeiro. Objetivou-se neste trabalho 
avaliar como a deficiência hídrica imposta durante a fase reprodutiva interfere na produtividade e na eficiência 
do uso da água pelo feijão-caupi nas condições climáticas de Castanhal, Pará, para fins de planejamento agrícola. 
O experimento foi realizado no município de Castanhal, região nordeste do estado do Pará durante o período 
menos chuvoso dos anos 2014, 2015 e de 2016. Adotou-se o delineamento experimental em blocos ao acaso com 
6 blocos e quatro tratamentos, correspondentes a diferentes lâminas de irrigação na fase reprodutiva, definidas 
como 100, 50, 25 e 0% da evapotranspiração da cultura. A eficiência do uso da água (EUA) foi determinada 
pela razão entre a produtividade de grãos e a lâmina total de água utilizada em cada tratamento. A máxima 
disponibilidade hídrica proporcionou aumento médio na produtividade de 58% comparado ao tratamento sem 
irrigação. Lâminas de água menores que 260 mm limitaram a produtividade a valores abaixo de 1.000 kg ha-1. 
A cultivar adotada apresentou eficiência no uso da água de 4,63 kg ha-1 mm-1, para as maiores ofertas hídricas, 
mas apresentou EUA de 4,31 kg ha-1 mm-1 com a lâmina de 50% da demanda hídrica.
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Introduction

Cowpea (Vigna unguiculata L. Walp.) is a crop of great 
economic and social importance for the Brazilian population 
(Calvet et al., 2013) and its production is concentrated in the 
North, Northeast and Midwest regions of the country (Freire 
Filho et al., 2011), being greatly influenced by the water deficit 
and irregular rainfall distribution, especially in Northeast 
Brazil (Barros et al., 2013).

In the North region, the Pará state is a leader in both area 
and production, but its average yield (850 kg ha-1) is still low 
compared to those of other states, such as Amazonas (954 kg ha-1) and 
Tocantins (1.168 kg ha-1), and to that obtained in the Midwest 
region (960 kg ha-1) (Freire Filho et al., 2011). Due to the high 
rainfall level in this region, cowpea cultivation is commonly 
conducted in the period of transition from the rainy to the 
least rainy period, and under rainfed conditions, which limits 
the production to a single season due to the increase of water 
deficit from July (Freire Filho et al., 2009).

Souza et al. (2017) found yields of cowpea, cultivar BR3 
Tracuateua in Northeastern Pará, ranging from 1,115 and 
1,396 kg ha-1 when grown under low water deficit in the 
reproductive stage, similar to the values observed by Freire 
Filho et al. (2009) for the same cultivar (BR3 Tracuateua) 
and region, and by Oliveira et al. (2011) for the cultivar BRS 
Novaera in the Roraima state.

Water deficit normally induces stomatal closure in crops 
(Souza et al., 2017), causing reduction of transpiration and 
photosynthesis, and consequently in dry matter production, 
although the levels of tolerance change for different plant 
species (Scalon et al., 2011). Silva et al. (2010) found for 
the cultivar BRS Xiquexique reductions of 94, 96 and 80% 
in stomatal conductance, net photosynthesis and water 
use efficiency, respectively, when under water replacement 
corresponding to 25% of its requirement during the vegetative 
stage. 

Cowpea is considered as a species adapted to drought, but 
its response to water deficit conditions varies according to 
cultivar, time of exposure and region of study (Nascimento et 
al., 2011). Very few studies with this approach were conducted 
in this region of the country and, therefore, the present study 
aimed to analyze the influence of water availability during 
reproductive stage as a function of different levels of water 
deficit on the yield and water use efficiency of cowpea in 
Northeastern Pará for agricultural planning purposes.

Material aMethods

The experiment was conducted in Northern Pará state, at 
the School Farm of the Federal Rural University of Amazônia 
(UFRA) in the municipality of Castanhal (1º 19’ 07’’ S and 47º 
57’ 38’’ W, 35 m). Three experiments were conducted from 
September 9 to November 11 in 2014, from September 23 to 
November 26 in 2015, and from September 17 to November 
18 in 2016.

The experimental field of the 1st year was located in a 1.5 
ha area cultivated with cowpea, cultivar BR3-Tracuateua. In 
the other years, the experiment was conducted in an adjacent 
area with 0.5 ha (1º 19’ 14’’ S and 47º 57’ 45’’ W, 41 m).

Conventional tillage with plowing and harrowing was 
used to control weeds, decompact the soil and provide 
satisfactory conditions for planting, seed germination and 
crop development.

Sowing density was determined by the germination test, 
conducted with a mechanical sowing machine, at spacing of 
0.5 m between rows and 0.1 m between plants. At 10 days after 
sowing (DAS), thinning was performed to leave 10 plants per 
linear meter, maintaining a density of 200,000 plants ha-1. Prior 
to sowing, seeds were adequately prepared with fungicide and 
insecticide, and weeds and pests were controlled according 
to the need. Fertilization was performed at sowing and as 
topdressing at 10 DAS. The results of soil chemical and physical 
analyses are presented in Table 1. Soil texture and physical 
characteristics were obtained at the Laboratory of Soil of 
EMBRAPA Eastern Amazon, determined in undisturbed soil 
samples using Richards’ pressure plate apparatus to find the 
permanent wilting point (PWP) and tension table for field 
capacity (FC) and saturation, considering pressures of 1,500, 
10 and 0 kPa, respectively (Teixeira & Behring, 2017).

The experiment was conducted in a randomized block 
design with six blocks and four treatments, which corresponded 
to water depths equivalent to 100%ETc (T1); 50%ETc (T2); 
25%ETc (T3) and 0%ETc (T4), from the beginning of the 
reproductive stage (R5), approximately at 36 DAS. In 2016, 
movable covers (polypropylene) were mounted during the rain 
events occurred in the reproductive stage in order to prevent 
water from entering the treatment 0%ETc, and removed after 
the event.

Cowpea development stages were observed using the 
scale of Gepts & Fernández, described by Farias et al. (2015), 
based on daily monitoring of three 1-m-long rows containing 
10 plants in each treatment. The stages were identified as 
follows: V0 (germination); V1 (cotyledons above the soil); V2 
(cotyledon leaves expanded) V3 (1st trifoliate leaf open); V4 
(3rd trifoliate leaf open); R5 (1st flower bud); R6 (anthesis of 
1st flower); R7 (1st pod); R8 (grain filling); R9 (physiological 
maturity). 

The irrigation depth was determined from the calculation of 
reference evapotranspiration by the Penman-Monteith method 
(Allen et al., 2011) with data obtained from the automatic 

*Obtained to a effective root deep of 25 cm and sensibility factor of 0.4

Characteristcs
Samples (0 to 20 cm)

2014 2015 2016

pH (H2O) 4.60 4.90 3.70
N (%) 0.06 0.05 0
P (mg dm-3) 10 2 20
K+ (cmolc dm-3) 0.023 0.06 0.08
Ca2+ (cmolc dm-3) 1.40 1.43 1
Mg (cmolc dm-3) 0.70 0.20 0.20
Al+ (cmolc dm-3) 0.40 0.80 0.60
Sand (g kg-1) 886 835 835
Silt (g kg-1) 63 125 125
Clay (g kg-1) 51 40 40
Soil density (g cm-3) 1.46 1.56 1.56
Field capacity (FC) (m3 m-3) 0.22 0.20 0.20
Permanent wilting point (PWP) (m 3m-3) 0.07 0.11 0.11
Easily available water (EAW)* 0.15 0.17 0.17

Table 1. Chemical and physical analysis of Yellow Latosol, 
referring to the soil from the 1st to the 3rd experiment
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meteorological station of the National Institute of Meteorology 
(INMET), installed 2 km away from the experiment, and 
then multiplied by the crop coefficients (Kc) suggested by 
Bastos et al. (2008) to obtain crop evapotranspiration (ETc), 
corresponding to 0.8 in the initial stage, from 0.8 to 1.1 in the 
development stage, from 1.1 to 1.4 in the establishment stage 
and from 1.4 to 0.3 in the final stage.

Every day during the entire vegetative stage, all treatments 
received the same water depth, corresponding to a replacement 
of 100%ETc (irrigation + rain), for the establishment and 
standardization of the crop and to keep the treatments close to 
field capacity. Irrigation treatments began in the reproductive 
stage (R5) and extended until the beginning of the grain 
maturation stage (R9).

A drip irrigation system was used with flow rate of 1.03 L 
h-1 under service pressure of 5 m.w.c. and emitters spaced by 20 
cm. System performance evaluation indicated a Christiansen’s 
uniformity coefficient (CUC) of 94% and an irrigation 
application efficiency (Ea) of 81%.

The meteorological conditions during the experiment were 
recorded by an automatic micrometeorological station installed 
in the experimental area, equipped with sensors of temperature 
and relative humidity (Thermohygrometer, Vaisala, HMP45a), 
rainfall (Rain Gauge, Campbell Sci., TB4), wind speed and 
direction (Cup anemometer vector, Campbell Sci., R.M. Young 
03002), global solar radiation (Pyranometer, Kipp & Zonen, 
CMP3) and soil water volumetric content (TDR, Campbell Sci., 
CS616), all connected to a datalogger (Campbell Sci. CR10x) 
programmed to take readings every 10 s and record means/
totals every 10 min, and then converted to daily scale.

The water deficits imposed by the treatments were 
quantified based on the sequential climatological water 
balance, according to Carvalho et al. (2011), considering the 
available water capacity (AWC) of the experimental area and 
the effective depth of the root system visually observed in the 
field (Souza et al., 2017). Water deficit was obtained by the 
difference between daily ETm and the ETr resulting from the 
entry of water (rain + irrigation) and based on the AWC.

Yield was measured at 63 DAS in 2014, 65 DAS in 2015 
and 68 DAS in 2016, when 90% of the plants reached the R9 
phenological stage. Harvest was carried out in two planting 
rows previously separated in each treatment, from where 

three 1-m2 samples were collected, represented by 2-m-long 
rows, which were dried for 72 h and subsequently weighed to 
estimate the yield in each treatment.

Water use efficiency (WUE) was determined as a function 
of cowpea grain yield, calculated as the ratio between grain 
yield and total water depth used in each treatment, according 
to Souza et al. (2011), with values expressed in kg ha-1 mm-1. 
Yield and WUE data were subjected to regression analysis and 
the significances of the generated equations were checked based 
on F test, considering them as valid if above 0.05 probability, 
as in the studies of Bastos et al. (2012) and Silva et al. (2017).

Results and Discussion

During the experiment of 2014, there were mean 
temperatures of 28.1 °C, a total rainfall of 158 mm and mean 
relative humidity of 82.2%. The experiment of 2015 was 
influenced by the climate phenomenon of El Niño (Grimm, 
2015) with reduction of rains along the cycle. The mean air 
temperature during the experimental period of 2015 was 
28.0 °C, with relative humidity of 74.7% and total rainfall of 
30 mm due to the lower cloud cover.

In the experiment of 2016, there were mean temperatures 
of 27.3 °C, with total rainfall of 153 mm and mean relative 
humidity of 73.8%.

Thus, it can be noted that the meteorological conditions 
between the experimental years were similar, since the 
experiment was repeated in the same period of the year 
(September to November), except for the rainfall regime, which 
reduced the water supply in 2015.

The total water depths for each treatment in the three years 
of experiment are presented in Table 2. According to Bastos et 
al. (2008), depending on the cultivar, soil characteristics and 
local edaphoclimatic conditions, the cowpea crop needs 300 
to 450 mm of water during the entire cycle.

For the cultivar adopted and region studied, the total water 
consumption is approximately 267.7 ± 10.2 mm (Farias et al., 
2017). Considering the total water depths supplied, it can be 
noted that in all years cowpea underwent increasing cumulative 
deficits from the treatment 50%ETc, which were the responsible 
for the reductions observed in the yield (Table 2).

Due to the reduction in rainfall events during the 
reproductive stage, from 36 DAS, it was possible to note 

*DEF - Obtained by the difference between daily ETc and ETr calculated from sequential water balance of Thorntwaite and Matter, applied to a water daily incoming (rain + irrigation) and 
according to the evolution of the available water capacity (AWC)

Years Treatments
Vegetative Reproductive Total water

depth (mm)

Productivity

(kg ha-1)

Accumulated water

deficit (DEF) (mm)*Irrigation Rain Irrigation Rain

2014

100%ETc

75.6 108.2

93.9

50.3

328.0 1569.2 1.4
50%ETc 46.9 281.0 1233.5 7.0
25%ETc 23.5 257.6 1002.3 17.0
0%ETc 0 234.1 792.3 29.0

2015

100%ETc

173.8 0

113.5
30.5

317.8 1474.1 0
50%ETc 56.7 261.0 1098.0 30.2
25%ETc 28.4 232.7 943.9 57.7
0%ETc 0 - 173.8 468.3 112.5

2016

100%ETc

87.6 141.2

113.8
12.2

354.8 1597.1 0
50%ETc 56.9 297.9 1295.3 33.1
25%ETc 28.4 269.4 1069.8 59.0
0%ETc 0 - 228.8 684.3 94.5

Table 2. Total water depths in vegetative and reproductive stages and in the cycle (mm), yield (kg ha-1) and cumulative water deficit 
(mm) in each treatment in the 3 years of experiment
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gradients in soil moisture content between the treatments 
because of a more efficient control in the deficit irrigation 
(Figure 1). Only in the experiment of 2014, soil moisture during 
the reproductive stage remained between field capacity (FC) 
and permanent wilting point (PWP), reaching however the 
limit of easily available water (EAW) at different moments.

In 2014, the EAW was reached at 51 and 55 DAS in the 
treatments 0 and 25%ETc, respectively (Figure 1A) and earlier 
in 2015, at 40 DAS in the treatment 0%ETc, at 46 DAS in 
25%ETc and at 56 DAS in 50%ETc (Figure 1B).

In the experiment of 2016, the critical moisture was 
reached by the treatment 0%ETc at 45 DAS, consuming 
water reserves of the soil close to 50 DAS when it reached 
the PWP. The other treatments subjected cowpea to different 
levels of water availability due to the irrigation depths applied 
in the reproductive stage. The difference found in the soil 

water regime is a consequence of the characteristics of the 
experimental area used in the three years, since there was 
change in the 2015/2016 year due to logistic reasons, besides 
of course the rainfall regime observed in each experiment.

In a study with the cowpea cultivars BRS Paraguaçu and 
BRS Guariba subjected to different water regimes in the soil, 
Bastos et al. (2012) found significant reductions of yield at 
levels lower than 54% of available water in the soil at the end 
of the cycle as a function of the treatments.

In the three years of experiment, the data of grain yield fitted 
to a quadratic polynomial regression in response to the different 
water depths analyzed (Figure 2), a response pattern similar to 
that obtained by Andrade Junior et al. (2002) (BR 17 Gurguéia 
and BR 14 Mulato) and by Bastos et al. (2012) for green grains of 
cowpea (BRS Guariba and BRS Paraguaçu) in Piauí, by Azevedo 
et al. (2011) in Ceará (black bean) and by Locatelli et al. (2014) 
in Roraima (BRS Guariba and BRS Novaera).

Other authors have already observed a sigmoid pattern 
for the cultivar Pujante under Brazilian semi-arid conditions 
(Souza et al., 2011). However, regardless of the patterns fitted, 
there is a natural trend of increase in yield with greater water 
supply.

Highest yields (1,569.2; 1,474 and 1,596.5 kg ha-1) were 
obtained in response to the treatment T1 (100%ETc) in all 
years, respectively, for 2014, 2015 and 2016, and these values are 
much higher than the state average (850 kg ha-1), demonstrating 
the production efficiency of the cultivar in the studied region 
if subjected to irrigation in possible additional seasons.

Bastos et al. (2011) analyzed the response of 20 cowpea 
genotypes to water supply and found maximum yields ranging 
from 613 to 1.529 kg ha-1, indicating the importance of the 
cultivar to be adopted and its tolerance to water deficit. The use 
of maximum irrigation (100%ETc) led to increments of 49.5, 
68.2 and 57.1% in grain yield, respectively, for 2014, 2015 and 
2016, compared to the yields obtained in the treatment 0%ETc 
(792.3; 468 and 684.3 kg ha-1). 

When subjected to water depths below 260 mm, the cowpea 
crop (cultivar BR3-Tracuateua) tends to show mean yield lower 

Figure 1. Rainfall, soil moisture, field capacity (FC), easily 
available water (EAW), permanent wilting point (PWP) and period 
in which treatments began in the experiments of 2014 (A), 2015 
(B) and 2016 (C) in Castanhal, PA, Brazil 

* Significant at 0.05 probability level by F test

Figure 2. Yield of dry grains as a function total water depths 
applied (mm) in the treatments T1 (100%ETc), T2 (50%ETc), T3 
(25%ETc) and T4 (0%ETc) in the years of 2014 (●), 2015 (▼) 
and 2016 (■)

Total net water depth (mm)
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than 1,000 kg ha-1 in the studied region (Figure 2), since its total 
water demand is approximately 267.7 mm (Farias et al., 2017).

These results are similar to those obtained by Souza et 
al. (2011) and Dutra et al. (2015), who observed that the 
production components of the studied cowpea cultivars were 
better expressed with water depths equivalent to 100% ETo. 
According to Silva et al. (2010), the presence of water deficit 
precludes several physiological and metabolic processes in 
cowpea, reducing its yield, because water is one of the main 
factors responsible for regulating the stomata.

The values of water use efficiency in the three years for 
maximum grain yield corresponded to, respectively, for 2014, 
2015 and 2016, 4.8, 4.6 and 4.5 kg ha-1 mm-1 and were obtained, 
respectively, with the application of irrigation depths of 328.1, 
317.8 and 354.8 mm, in the treatment 100%ETc (Figure 3), which 
were the ones leading to highest production.

Maximum water supply led to mean WUE of 4.63 kg ha-1 mm-1, 
for the cultivar BR3 Tracuateua in the studied region, which is 
higher than that obtained for the cultivar Pujante in other regions, 
according to the results reported by Souza et al. (2011), who 
found maximum water use efficiency of 3.12 kg ha-1 mm-1 with an 
irrigation depth of 421 mm.

The water depths applied in the treatment 50%ETc (mean 
of 280 mm), however, allowed for mean water use efficiency 
of 4.31 kg ha-1 mm-1 (4.39 in 2014, 4.2 in 2015 and 4.35 in 
2016), only 6% lower than that obtained under optimal water 
conditions, with mean supply of 333 mm (Table 2), which 
demonstrates that it is feasible to use lower water depth during 
the reproductive stage, instead of maximum water depth.

Although the treatment 100%ETc produced on average 
338 kg ha-1 more than the treatment 50%ETc (Table 2), the small 
difference in cowpea water use efficiency in both conditions 
may have occurred because, along the reproductive stage, the 
soil water content in the treatment 50%ETc remained within 
the limit of easily available water (Figure 1), causing a mean 
water deficit of only 23 mm (Table 2), which may have allowed 
stomata to remain open even in the presence of a mild water 
deficit (Souza et al., 2017).

It is possible to note a probable trend of reduction in water use 
efficiency to values higher than the water supply corresponding to 
treatment 100%ETc, although water depths above the maximum 
requirement of the crop were not adopted. This pattern of 
reduction was also observed by Souza et al. (2011), who subjected 
cowpea to water depth of 125%ETc, and the best water use 
efficiency obtained by these authors corresponded to the water 
depth of 75% ETo, equal to 3.13 kg ha-1 mm-1 for cowpea in single 
cultivation (total water depth of 421 mm) and 1.31 kg ha-1 mm-1 
for cowpea intercropped with corn (total water depth of 443 mm).

It can be noted that cowpea reduces its water use efficiency 
when subjected to limited water conditions, indicating its low 
tolerance to the lack of water, which corroborates other results 
that demonstrate the existence of a strategy in some plants to 
use water efficiently in order to increase their production (Wu 
et al., 2008).

Other studies, however, have found contrary results, with 
improvement in the WUE of some ornamental species under 
water deficit conditions due to possible acclimation to the 
lack of water, related to an efficient adaptation of the stomatal 
control over photosynthesis, maintaining CO2 assimilation 
proportionally higher than the loss of water by the stomata 
(Álvarez et al., 2011). When plants are subjected to water 
stress, there is a reduction in stomatal opening as a protective 
measure, and consequently a reduction in the CO2 influx in 
the substomatal chamber (Nascimento et al., 2011; Silva et 
al., 2017).

For the cultivar used in this study, some results showed 
that it does not tolerate water deficit, especially during the 
reproductive stage, with significant reductions in both stomatal 
conductance (Souza et al., 2017) and leaf water potential and 
production of assimilates (Nascimento et al., 2011), which 
justifies its reduction in water use efficiency when subjected 
to lower water supply. 

Some authors observed, however, that cowpea can preserve 
leaf water potential (Freitas et al., 2017) and relative water 
content (Anyia & Herzog, 2004) even under cumulative water 
deficit conditions, a characteristic also observed by Guimarães 
et al. (2006) for common beans, suggesting that the crop acts 
as a conservative species by prioritizing the maintenance 
of its water status rather than its photosynthetic activity, 
corroborating the reduction found in its WUE in the presence 
of water deficit.

However, a future analysis of economic efficiency is necessary 
to define the ideal water depth to be supplied through irrigation 
in possible additional seasons. The results of Silva et al. (2016) 
showed that the yield of irrigated cowpea in the Apodi region, 
Rio Grande do Norte, was 34.4% higher than that under rainfed 
conditions, and the use of this management was economically 
viable, since the net income was 37% higher than that of rainfed 
cowpea. Castro Junior et al. (2015) also concluded that the 
production of cowpea irrigated by conventional sprinkler in 
the region of Cocais, Maranhão, is economically viable even 
during the period with lower water supply.

These results can be used as a basis in the search for a second 
or even a third season of cowpea in the producing regions of the 

* Significant at 0.05 probability level by F test

Figure 3. Water use efficiency as a function of total water depths 
applied in the treatments T1 (100%ETc), T2 (50%ETc), T3 
(25%ETc) and T4 (0%ETc) in the years of 2014 (●), 2015 (▼) 
and 2016 (■)
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Pará state, considering that the irrigation management, guided 
by the demands of the crop and its efficient use of water, allows 
for economic gains and advance in the local production chain.

Conclusions

1. The cowpea cultivar BR3 Tracuateua can reach maximum 
production efficiency, equal to 4.63 kg ha-1 mm-1 of water 
supplied, always when its maximum water demand of 138 mm 
in the reproductive stage is met.

2. Water supplies below 260 mm in the cycle limit the 
mean yield of the cultivar BR3 Tracuateua to values lower 
than 1,000 kg ha-1.

3. Irrigation depth equivalent to 50% of the water demand 
in the reproductive stage led to a water use efficiency similar 
to that obtained with irrigation depth of 100% and can be 
adopted in period and regions of the state where water is a 
limiting factor.
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