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ABSTRACT: The bean is a world-class crop and requires adequate water management for higher yield. The
objective of this study was to evaluate the growth and the production and to fit multiple regression models
to estimate the production components, total biomass accumulation and grain yield of ‘Rosinha’ bean under
levels of replacement of evapotranspired water. The experimental design was randomized blocks with four
repetitions. Treatments consisted of fractions of crop evapotranspiration (25, 50, 75, 100, 125 and 150% ETc).
Growth variables (plant height, number of leaves, leaf area per plant, leaf area index, stem dry mass and leaf
dry mass) and production components (number of pods per plant, pod length, pod diameter, pod dry mass,
total biomass, pod mass per plant, grain yield) were evaluated. Measurements of growth variables carried out
at 35 days after sowing were used to fit multiple regression models to estimate dry pod mass, total biomass
accumulation and grain yield of common bean. Higher growth and yield of common bean, ‘Rosinha’, are
obtained with irrigation depth corresponding to 100% of the evapotranspired water.
Key words: Phaseolus vulgaris, irrigation, multivariate

Crescimento, produção e rendimento
de feijoeiro sob níveis de reposição de água
RESUMO: O feijão é uma cultura de importância mundial e requer manejo adequado de água para maior
produtividade. Objetivou-se avaliar o crescimento e a produção e ajustar modelos de regressão múltipla
para estimativa de componentes de produção, acúmulo de biomassa total e rendimento de grãos do feijoeiro
variedade Rosinha sob níveis de reposição da água evapotranspirada. O delineamento utilizado foi em blocos
ao acaso com quatro repetições. Os tratamentos consistiram de frações da evapotranspiração da cultura (25,
50, 75, 100, 125 e 150% ETc). Foram avaliadas variáveis de crescimento (altura de plantas, número de folhas,
área foliar por planta, índice de área foliar, massa seca do caule e das folhas) e componentes de produção
(número de vagens por planta, comprimento de vagens, diâmetro de vagem, massa seca de vagem, biomassa
total, massa de vagem por planta, rendimento de grãos). As medidas de crescimento realizadas aos 35 dias
após a semeadura foram utilizadas para ajustar modelos de regressão múltipla para estimativa de massa seca
de vagem, acúmulo de biomassa total e rendimento de grãos do feijoeiro. Maior crescimento e produção do
feijoeiro, ‘Rosinha’, são obtidos com a lâmina de irrigação de 100% da água evapotranspirada.
Palavras-chave: Phaseolus vulgaris, irrigação, multivariada
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Introduction
Cultivation of common beans (Phaseolus vulgaris L.) in
countries of tropical and subtropical climate are important
sources of food, due to the low cost for the consumer and
because it is nutritionally balanced, as well as the main source
of protein for low-income populations (Souza et al., 2016;
Padilla-Chacón et al., 2017).
Common bean yield in Brazil is low (827 kg ha-1), mainly
due to the low technological level used in its cultivation and to
the irregularities of rainfall. In Brazil, ‘Carioca’ bean is the most
produced, with black bean in second place, and ‘Mulatinho’
bean in third place, followed by the ‘Rosinha’ group (CONAB,
2017). Crede seeds of common bean, belonging to the ‘Rosinha’
group, have good yield and low incidence of pests and diseases,
presenting themselves as a good option for cultivation in the
Brazilian semiarid region (Michels et al., 2014).
The Northeast region of Brazil is one of the main producers
of common bean (Brito et al., 2016). In the year 2016, the state
of Alagoas, Brazil, produced 15.1 thousand tons (mean yield
of 500 kg ha-1), and this value combined with the productions
of Sergipe and Bahia states represents 22% of northeastern
production (CONAB, 2016).
Irrigation is indicated as a potential technology with
capacity to increase common bean production, since there
are reports of yields around 3,500 kg ha-1 in irrigated crops
in several regions of Brazil (CONAB, 2017). Poorly planned
irrigation in agriculture is a cause for concern, mainly due to
the large amount of water used in this sector; however, when
rationally conducted, it is an important strategy for optimizing
agricultural production, promoting sustainable development,
generating jobs and income (Liang et al., 2016).
The reduction of water availability in soil causes a decrease
in common bean yield, precisely because it limits its growth
and development (Abd El-Wahed et al., 2017). Thus, research
is decisive for promoting increase of yield and competitive
economic returns.
This study aimed to evaluate the growth and production and
adjust multiple regression models to estimate the production
components, total biomass accumulation and grain yield of
common bean, ‘Rosinha’ variety, under levels of replacement
of the evapotranspired water.

Material and Methods
The experiment was conducted in the city of Rio Largo,
AL, Brazil (9° 28’ 2” S; 35° 49’ 43” W; and altitude of 127 m).
The climate of the region, according to Thornthwaite climate
classification, is humid and megathermal, with moderate water
deficit in the summer and excess in the winter; the average
annual temperature is 25.4 ºC and average annual precipitation
is around 1,800 mm, of which 70% is concentrated in the
months from April to August (Souza et al., 2005; Ferreira Junior
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et al., 2014). Meteorological data were collected at an automatic
weather station (CR3000, Campbell Scientific) located 30 m
away from the experimental area. At 10 min intervals, the
following meteorological elements were measured: temperature
(T, ºC) and air relative humidity (RH, %), wind velocity at 2 m
height (U2, m s-1) and precipitation (P, mm).
The local soil is classified as Oxisol with medium/clayey
texture, with slope less than 2%. Basal fertilization was
applied according to soil chemical analysis (Table 1), using
45 kg of urea, 111 kg of single superphosphate and 78 kg of
potassium chloride per hectare. At 20 days after sowing (DAS),
topdressing fertilization was applied, using 89 kg ha-1 of urea.
Spontaneous plants and pests were controlled by manual
weeding and synthetic insecticides, respectively.
The seeds used were crede seeds of the ‘Rosinha’ variety,
which has an average 100-seed weight of 21.3 g, upright and
indeterminate growth habit, flowering at 34 and maturity at 78
days after emergence, grain yield of 174 g m-2 and harvest index
of 592 mg g-1 (Araújo & Teixeira, 2012). Sowing was performed
manually, distributing three seeds per hole at spacing of 0.50 m
between rows and density of 13 to 15 plants per linear meter,
totaling a final stand of 250,000 plants ha-1. At 15 DAS, thinning
was performed, leaving one plant per hole.
The study was carried out during the dry season (less rainy)
in the period from November to February (2015/2016). The
design used was randomized blocks with four repetitions.
Each experimental unit was 8 by 10 m. Treatments consisted
of six irrigation depths [25, 50, 75, 100, 125 and 150% of crop
evapotranspiration (ETc)]. All treatments received the same
level of water replacement (100% ETc) in the initial period
(15 DAS).
The total water depths applied (irrigation + precipitation)
along the crop cycle for the percentages of 25, 50, 75, 100, 125
and 150% ETc were 462.5, 504.9, 543.6, 577.9, 614.5 and 866.85
mm, respectively.
Crop coefficients kc of 1.1 and 1.2 were adopted for the
vegetative and reproductive stages, respectively. These kc values
are recommended by the FAO-56 bulletin for the intermediate
stage and were adjusted to the edaphoclimatic conditions and
the characteristics of the crop during the experimental period.
ETc values were calculated using Eq. 1.
ETc = ETo kc

(1)

where:
ETc - crop evapotranspiration, mm d-1;
ETo - reference evapotranspiration estimated by the
Penman-Monteith-FAO method (Allen et al., 1998), mm d-1;
and,
kc - crop coefficient.
Irrigation was applied by emitters at spacing of 2 m between
rows and 2.5 m between micro-sprinklers, at service pressure

Table 1. Soil chemical attributes of the experimental area

pH - Hydrogen potential; P - Phosphorus, Mehlich1; Ca - Calcium; Mg - Magnesium; K - Potassium; SB - Sum of bases; Al - Aluminum; H+Al - Hydrogen plus aluminum; T - Cation
exchange capacity; m - Aluminum saturation; v - Base saturation
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of 137.2 kPa, with average flow rate of 50 L h-1 per emitter,
application rate of 8.9 mm h-1 and water application uniformity
of 98%. Lima et al. (2011) report that micro-sprinkler irrigation
is more suitable for the bean crop, because it reduces losses
caused by the Bean Golden Mosaic Virus. Soil water content
in the root zone (W, mm) was obtained by measurements of
volumetric soil water content every 30 min by sensors using
the time-domain reflectometry (TDR) technique (CS616,
Campbell Scientific), connected to a CR1000 data acquisition
system. The probes were positioned vertically in the soil,
0.15 m away from the plants and inside the central rows, in at
0-0.30 m depth, according to the methodology recommended
by Rocha et al. (2014).
Growth analysis was performed at 35 DAS in five plants
of each plot, between the pre-flowering and pod formation,
at the R5 stage (Fernandez et al., 1982). The following growth
variables were evaluated: plant height (PH, cm); number of
leaves (NL, plant-1); leaf area per plant (LAP, m2); leaf area index
(LAI); stem dry mass (SDM, g); and leaf dry mass (LDM, g).
In relation to the biometric parameters, trifoliate leaves were
detached from the petioles to determine the leaf area using a
planimeter (Li-Cor, Li-3100 model), with the results expressed
in m2. LAI was determined by LAP/AOP ratio, in which AOP
is the area occupied by the plant (m2) (Floss, 2004).
At the end of the experiment (78 DAS), the following
production components were evaluated: number of pods per
plant (NP, units plant-1), pod length (PL, cm), pod diameter
(PD, cm), pod dry mass (PDM, g), total biomass (TBM, g), pod
mass per plant (PMP, g), grain yield (GY, kg ha-1).
For dry mass determination, collected plants were subjected
to drying in a forced air circulation oven at 65 °C until constant
weight. Then, they were weighed on scales with precision of
0.001 g to obtain the dry mass, expressed in g. For grain yield
(GY) determination, the four central rows with length of 5 m were
harvested, totaling 10 m2 for each plot. The GY was calculated
by correcting the moisture to 13% (wet basis) and determined
by the oven method at 105 °C for 24 h (Brasil, 1992).
The data were standardized for zero mean (X = 0) and unit
variance (σ2 = 1). The multivariate structure of the results was
evaluated using the exploratory principal component analysis
(PCA), concentrating the amount of relevant information
contained in the original data set in a smaller number of
dimensions, resulting from linear combinations of the original
variables generated from the highest eigenvalues in the
covariance matrix (Hair et al., 2009).
From the reduction of the dimensions, the original data
of the variables of each principal component (PC) were
subjected to multivariate analysis of variance (MANOVA)
by the Hotelling Test (Hotelling, 1947) at p ≤ 0.05 as a
function of the irrigation depths based on ETc. The variables
of the PC associated with the production components NP,
PDM, PMP, TBM and GY were subjected to multiple linear
regression analysis, considering each production component
as a dependent variable and the other variables contained
in the same PC, plus the irrigation depths based on ETc, as
independent variables, in order to adjust a predictive model
R. Bras. Eng. Agríc. Ambiental, v.23, n.10, p.754-760, 2019.

for the production components. The multiple linear regression
model (Eq. 2) with k independent variables was used:
k

PRC = α +∑βi X ij + ε j

(2)

i=1

where:
PRC - each production component;
α
- linear coefficient;
βi - regression coefficient of the independent variables;
Xij - independent variables Xi in the observation j;
ɛj
- error associated with PRC in the observation j
(Cargnelutti Filho et al., 2004); and,
k
- number of independent variables.

Results and Discussion
During the experiment (November 17, 2015 to February
01, 2016), a precipitation of 291.60 mm with irregular
distribution was recorded, denoting the need for irrigation to
meet the common bean water demand. There was intermittent
precipitation with the concentration of 98% of the rains from
the second half of December when the crop was in the early
reproductive stage. The effect of irrigation depths based on
ETc was evident during the stages R5 to R7 (Fernandez et al.,
1982). In these periods, plants showed maximum development
of the vegetative canopy and, consequently, a large transpiring
surface. As the above-mentioned stages coincided with the
second half of December, a period of higher occurrence of
precipitation, there were low values of evapotranspiration
(Figure 1).
The multidimensional space of the original variables
was reduced to two dimensions, represented by the first two
principal components (PC1 and PC2) with eigenvalues greater
than one (λ > 1). Together, these PCs explain 90.2% of the
total variance. PC1 explains 69.04% of the total variance,
being formed by the growth and production components,
and PC2 represents 21.15% of the remaining variance, formed
by biometric characteristics of pods (Figure 2). The irrigation
depths based on ETc had a significant effect (p ≤ 0.001) on the
variables of the two PCs (Table 2).
The two-dimensional projections of treatment effects
and variables, respectively, in the first and second principal

P - Precipitation; Tm - Mean air temperature; Tn - Minimum air temperature; Tx - Maximum
air temperature; RHm - Mean air relative humidity; RHn - Minimum air relative humidity;
RHx - Maximum air relative humidity; S - Sowing; GR - Growth analysis; PRC - Production
components analysis

Figure 1. Meteorological variables recorded during the
experimental period
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Table 2. Eigenvalues, proportion of the explained variance, probability of significance of the effect of irrigation depths and
coefficients of correlation between the principal components and the original variables

PCs - Principal components; λ - Eigenvalues; σ2% - Proportion of explained variance; p - Probability for the effect of irrigation depths by the Hotelling test; PH - Plant height; NL Number of leaves; LAP - Leaf area per plant; LAI - Leaf area index; SDM - Stem dry mass; LDM - Leaf dry mass; NP - Number of pods; PL - Pod length; PD - Pod diameter; PDM
- Pod dry mass; PMP - Pod mass per plant; TBM - Total biomass; GY - Grain yield; r = 0.10-0.30 (weak); r = 0.40-0.60 (moderate); r = 0.70-1.00 (strong)
a
Variable considered in the principal component

components are presented in Figures 2A and B. In PC1, the
highest values of plant height (43 cm), number of leaves (49),
leaf area index (6), number of pods (17), pod dry mass (63 g),
pod mass per plant (18 g plant-1) and grain yield (2,230 kg ha-1)
were obtained with the irrigation depth of 125% ETc, although,
except for grain yield, there is no significant difference between
the values recorded with the irrigation depths of 100 and 150%
ETc. Increments in PH, NL, LAI, NP, PDM, PMP and GY with
125% ETc of 9, 22, 37, 44, 51, 61 and 39% compared to the 25%
ETc, and of 5, 17, 28, 35, 38, 43 and 26%, compared to the 50%
ETc, were observed. For Torres et al. (2013), the water deficit
caused by the irrigation depth equivalent to 40% of the daily
crop evapotranspiration reduces the growth and, consequently,
the production components and yield of common bean.
Results similar to those obtained in this study with the
highest irrigation depths (100 and 125% ETc) were found by
Abd El-Wahed et al. (2017), who studied the effect of irrigation
on common bean growth and found 12 pods plant-1 and grain
yield of 2,258.1 kg ha-1, under 100% ETc replacement. These
researchers confirm that these results are due to the available
water in the root zone for these levels, which leads to an
increase in the absorption of water and nutrients, consequently
increasing the metabolic mechanisms of the plants, increasing
the production components. Torres et al. (2013), evaluating the
irrigated bean yield and soil covers, observed higher values of
yield and numbers of pods and grains per plant when a water
depth corresponding to 100% ETc was applied.
The higher values of stem dry mass (72 g) and total biomass
(175 g) were obtained with the irrigation depth of 100% ETc,

while the irrigation depth of 150% ETc led to larger leaf area
per plant (0.30 m2 plant-1) and leaf dry mass (43 g). For these
variables, there were, respectively, gains of 29, 33, 51 and 21% in
comparison to the irrigation depth of 25% ETc and increments
of 10, 19, 44 and 16% in comparison to the irrigation depth
of 50% ETc.
Higher water supply with the irrigation depth of 100% ETc
may have increased cell turgor and induced increments in
leaf mesophyll thickness and leaf area with the increase in the
number of chloroplasts (Ferraz et al., 2012b). Thus, it can be
inferred that these adaptations promoted regulation in stomatal
opening and facilitated the CO2 influx into the substomatal
chamber and water vapor efflux to the atmosphere (Ferraz
et al., 2012a). These data justify higher values of biomass
accumulation than those reported by Goulart et al. (2010),
between 12.3 and 17 g, studying six common bean cultivars.
Dutra et al. (2015) state that, in response to water deficit,
plants reduce stomatal opening, influencing other variables
such as photosynthesis rate and transpiration rate, with
negative consequences on growth and development, directly
affecting their yield, which justifies the reductions in the growth
variables under irrigation depths of 25 and 50% ETc observed
in the present study. Indeed, moderate water deficit caused an
increase in the resistance to water vapor due to partial stomatal
closure and reduction of stomatal conductance, causing a
lower rate of CO2 assimilation and transpiration (Magalhães
et al., 2017).
In the second principal component (PC2), there was an
association of variables related to biometric characteristics

PH - Plant height; NL - Number of leaves; LAP - Leaf area per plant; LAI - Leaf area index; SDM - Stem dry mass; LDM - Leaf dry mass; NP - Number of pods per plant; PL - Pod
length per plant; PD - Pod diameter; PDM - Pod dry mass; TBM - Total biomass; PMP - Pod mass per plant; GY - Grain yield

Figure 2. Two-dimensional projection of the crop evapotranspiration - ETc replacement levels (A) and of the variables (B) in
the first two principal components (PC1 and PC2)
R. Bras. Eng. Agríc. Ambiental, v.23, n.10, p.754-760, 2019.
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and biomass accumulation of pods. The longest pod (9 cm)
was obtained with the irrigation depth of 100% ETc, while
the largest pod diameter (0.97 cm) and pod dry mass (63 g)
were obtained under irrigation depth of 125% ETc, although
for these three variables there was no expressive difference
between the irrigation depths of 75, 100 and 125% ETc,
in which the gains were, respectively, of 14, 4 and 51% in
comparison to the irrigation depth of 25% ETc. On the other
hand, it was observed that the irrigation depth of 150% ETc
caused expressive reductions in these variables of 13, 12 and
46%, respectively, compared to the highest values obtained.
The excess of water caused by the irrigation depth of 160%
of the daily evapotranspiration of the crop caused oxygen
deficiency in the soil in certain periods (Torres et al., 2013),
which may have reduced the microbial activity in the soil and,
consequently, reduced yield. Arf et al. (2004) confirm that the
supply of adequate amounts of water is one of the key factors
in the production of the bean crop, because both the excess
and the deficit hamper crop development and yield, so the
demand recommended for the crop should not be exceeded.
Cunha et al. (2013) point out that common bean needs
300 to 600 mm water depth to obtain high yield. It should
be added that the number of pods per plant, pod length, pod
diameter and pod dry mass are the principal components that
influence yield and significantly respond to irrigation (Ramos
Júnior et al., 2005).
Water deficit in the vegetative period directly influences
the growth and development of the common bean, causing
reduction in its yield (Torres et al., 2013). Ávila et al. (2010),
studying common bean cultivation with and without
irrigation, state that even with water deficit no longer
occurring from early flowering, the yield was lower compared
to the irrigated treatment, due to the reduction in the mass
of grains and lower number of pods per plant. Thus, the
reductions recorded in the present study in pod dry mass, total
biomass accumulation and grain yield are associated with the
scarcity of water resulting from the replacement lower than
the amount required by the crop.
There was a significant multiple regression adjustment (p ≤
0.05) for the data of pod dry mass, total biomass accumulation
and grain yield as a function of irrigation depths and for the

growth variables: plant height , number of leaves, leaf area per
plant, leaf area index, stem dry mass and leaf dry mass. The
measures of quality, precision and proportion of the variability
explained by each model are described in Table 3. Based on
the multiple coefficient of determination, it is possible to infer
that the models can be used with good predictive capacity for
estimating pod dry mass, total biomass and grain yield.
The adjusted multiple regression models were used to
estimate pod dry mass, total biomass and grain yield from the
data observed in each irrigation depth as a function of ETc.
There was no significant difference between observed and
estimated values. However, there were maximum differences
of 15.4% in pod dry mass (Figure 3A), 6.2% in total biomass
(Figure 3B) and 9.7% in grain yield (Figure 3C) between
observed and estimated values under irrigation depths of 125
and 150% ETc, respectively, for these variables.

Figure 3. Comparison between observed data (●-O) and data
estimated (▲-S) by the multiple regression models for: pod
dry mass (PDM) (A); total biomass (TBM) (B); and grain yield
(GY) (C) as a function of ETc replacement levels (%)

Table 3. Summary of multiple regression analyses for the production components as a function of the irrigation depths based
on ETc and of the growth variables

p - Probability of significance; R2 - Coefficient of determination; α - Linear coefficient; βi - Regression coefficient of the independent variables; NP - Number of pods per plant;
PDM - Pod dry mass; PMP - Pod mass per plant; TBM - Total biomass; GY - Grain yield; Values between parenthesis indicate the probability of significance of the model parameters
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Previous knowledge on the dry mass accumulation and
grain yield of crops is a strategy for decision-making in the
management of production factors. Hence, the use of simulation
models allows analyzing scenarios, considering different
combinations of factors influencing crop yield (Gomes et al.,
2014). For Rosa et al. (2010), these models allow identifying,
along the crop cycle, factors that negatively act on yield, guiding
the decision-making process. Barbosa et al. (2019) confirm
the importance of these multiple regression models, especially
for estimating variables that demand high cost and time for
evaluation.
Based on all the information above, the multiple regression
models adjusted in this study can be used as an aid tool for
decision-making regarding the management of replacement of
water evapotranspired by the common bean crop under the
studied conditions, notably for the possibility of pre-estimating
pod dry mass, total biomass accumulation and grain yield.

Conclusions
1. Higher growth and production of common bean
‘Rosinha’ variety, are obtained with the irrigation depth of
100% of the evapotranspired water.
2. Growth variables measured at 35 days after sowing can be
used to adjust multiple regression models to estimate pod dry
mass, total biomass accumulation and grain yield of common
bean.
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