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Research Article

Soil water availability for
drip-irrigated common bean crop'

Edson Fagne dos Santos?, Silvanio Rodrigues dos Santos?,
Abner José de Carvalho®, Ignacio Aspiazu®, Polyanna Mara de Oliveira*

ABSTRACT

Minimum limits of soil water storage should be
established for the irrigation management of crops, in order to
satisfactorily provide water to plants. This study aimed to define
the soil water availability factor (f factor) that provides the
maximum agronomic yield and maximum water-use efficiency
for drip-irrigated common bean cultivars. The experiment was
carried out in a randomized block design, with four replications.
The treatments were arranged in split plots, with the plots
consisting of f factors (0.20, 0.35, 0.50, 0.65 and 0.80) and
subplots consisting of common bean cultivars (BRS Pérola
and BRS Estilo). The use of ffactors between 0.30 and 0.35 is
recommended for common bean crops to obtain the maximum
agronomic yield and maximum water-use efficiency. The BRS
Estilo cultivar presents a water-use efficiency 16 % higher than
the BRS Pérola.

RESUMO

Disponibilidade de 4gua no solo
para feijoeiro-comum irrigado por gotejamento

Limites minimos de armazenamento de 4gua no solo devem
ser estabelecidos para o manejo de irriga¢do das culturas, a fim de
fornecer dgua as plantas de maneira satisfatoria. Objetivou-se definir
o fator de disponibilidade de 4gua no solo (fator ') que proporcione
0 maximo rendimento agrondmico e a maxima eficiéncia no uso de
agua de feijoeiro-comum irrigado por gotejamento. O experimento
foi conduzido em delineamento de blocos ao acaso, com quatro
repeticdes. Os tratamentos foram arranjados em esquema de
parcelas subdivididas, sendo as parcelas compostas pelos fatores
£(0,20; 0,35; 0,50; 0,65; e 0,80) e as subparcelas pelas cultivares
BRS Pérola e BRS Estilo. Recomenda-se a utilizagao de fator fentre
0,30 e 0,35 para a obten¢do de méaximo rendimento agrondmico e
maxima eficiéncia no uso de agua pelo feijoeiro-comum. BRS Estilo
apresenta eficiéncia no uso de agua 16 % maior que BRS Pérola.

KEYWORDS: Phaseolus vulgaris L., water availability factor,
irrigation management.

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is one
of the most important foods for human consumption
in the world (Castro-Guerrero et al. 2016). However,
its production in several regions has been affected
by water deficit, especially in semiarid regions
(Ambachew et al. 2015, Andrade et al. 2016, Darkwa
etal. 2016, Lanna et al. 2016).

Several studies have shown significant losses
in common bean yield due to water deficit (Asfaw &
Blair 2014, Ambachew et al. 2015, Dipp et al. 2017).
However, the excess of soil moisture is also a factor

PALAVRAS-CHAVE: Phaseolus vulgaris L., fator de
disponibilidade de agua, manejo de irrigagao.

that may affect the crop yield (Carvalho et al. 2013),
due to changes in the plant physiology (Osakabe et
al. 2014, Lanna et al. 2016). Thus, the maintenance
of a satisfactory soil water level is necessary for a
good crop performance.

The common bean sensitivity to water
stress and the low water availability and poor
rainfall distribution in semiarid regions make the
use of irrigation indispensable to meet the water
demand of crops. This low availability of water
resources increases the need for saving water for
a greater use efficiency, as well as its preservation
and improvement to ensure the environmental
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sustainability of food production in these regions
(Medrano et al. 2015).

The proper crop irrigation management can
be done by establishing minimum soil water storage
limits to satisfactorily provide water to plants (Vieira
etal. 2015a), which are between 250 mm and 300 mm
for the common bean crop (Brasil 2018). These limits
can be established by using the soil water availability
factor ( /) (Mantovani et al. 2009), which should be
0.5 for an evapotranspiration demand of 5 mm day!
for the common bean crop, i.¢., plants can consume up
to 50 % of all available water in the soil (Allen et al.
2006). However, the ffactor needs to be determined
for each condition, since it may vary depending on
the characteristics of the plant, environment and soil,
considering that, within each ideal frange for the best
performance of each crop, the lowest value should be
considered for sandy soils, and the highest one for
clayey soils (Marouelli et al. 2011).

Therefore, the adoption of cultivars more
adapted to low soil water conditions, associated
with the use of efficient irrigation managements, can
contribute to increase the crop yield (Nepomucemo
et al. 2001, Ambachew et al. 2015) and to decrease
the water consumption. This response depends on
the genotype and age of the plants and intensity and
duration of the stress conditions to which they are
subjected (Olsovska et al. 2016).

BRS Pérola is a common bean cultivar released
in 1994 that is tolerant to water and thermal deficits
and is still preferred by producers, mainly because
of its rusticity (Hoffman Junior et al. 2007, Vale et
al. 2012), despite new cultivars have been released
with similar or superior characteristics.

The BRS Estilo cultivar was released in
2009. It presents an erect plant growth habit and
resistance to lodging; thus, it is adapted to mechanical
harvesting. Moreover, this cultivar has a high yield
potential and is resistant to the major common bean
diseases. Melo et al. (2011) found a higher yield
for this cultivar, when compared to BRS Pérola;
however, BRS Estilo is still little known, what makes
interesting the study of this cultivar.

Considering the importance of the common
bean crop in Brazil and in the world, information on
the minimum soil moisture that increases the plant
yield and water-use efficiency, especially in arid and
semiarid regions, can assist in reducing the water
consumption of crops and food production costs, as
well as generate a greater environmental sustainability.

Thus, this study aimed to define the soil
water availability factor (f factor) that provides the
maximum agronomic yield and water-use efficiency
of two drip-irrigated common bean cultivars.

MATERIAL AND METHODS

The experiment was carried out at the
experimental area of the Universidade Estadual
de Montes Claros, in Janauba, Minas Gerais state,
Brazil (15°49°44”’S, 43°16°09”W and altitude of
544 m), from August to October 2017. The soil of
the area is classified as a Typic Quartzipsamment
(Neossolo Flavico Psamitico) (Embrapa 2013) of
sandy texture, which presented a total water storage
capacity of 38 mm in the 0-0.2 m layer, due to its
high proportion of medium and fine sands in the
sand fraction.

The climate of the region is classified as Aw,
tropical with a dry season, according to the Koppen
classification (Alvares et al. 2013). Data of maximum,
average and minimum temperatures were collected
from a meteorological station at the experimental
area (Figure 1).

Soil samples were collected from the 0.0-0.2 m
and 0.2-0.4 m layers before the implementation of the
experiment to characterize the physical-hydrological
properties of soil density and the water retention
curve at tensions of 6 kPa, 10 kPa, 33 kPa, 100 kPa,
500 kPa and 1,500 kPa (Table 1).

Sensors (Watermark®) were installed in each
treatment, to measure the soil moisture in the middle
of'the soil layers (0.0-0.2 m and 0.2-0.4 m), with daily
readings throughout the experiment.
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Figure 1. Air temperature (Ta, °C) and relative humidity (RH, %)
during the experiment period (Janaiba, Minas Gerais
state, Brazil, 2017).
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Tablel. Soil water retention equations and their coefficient of determination (R?); soil moisture at field capacity (FC, m*>m?) and at
permanent wilting point (PWP, m’ m~); and apparent soil density (p,, g cm?), from two soil depths in the experimental area.

Soil depth (m) Equation! R? FC PWP Py
0.0-0.2 0=10.0299 + [(0.410 - 0.0299)]/[1 + (0.10 x t)!.7475]04278 0.99 0.2324 0.0389 1.39
0.2-0.4 0 =0.0221 +[(0.425 - 0.0221)]/[1 + (0.10 x 7)!-7543]04300 0.98 0.2357 0.0313 1.39

10: volume-based moisture; 1: soil water tension (kPa).

The water stresses found in the readings of
the soil moisture sensors were used to develop
retention curves to determine the irrigations
(Table 1). The readings of the sensors installed
at 0.1 m were used to define the irrigation regime
(variable watering shift) according to the water
availability factors ( f factors) evaluated, which
corresponded to pressure head of 28 ( /= 0.20), 38
(f=0.35), 54 (f=0.50), 85 (f=0.65) and 166
(f=0.80) kPa. The irrigation regime maintained the
soil moisture to a tension corresponding to the field
capacity (20 kPa), which was defined by the basin
method (Bernardo et al. 2019) up to the effective
depth of the root system (0.3 m), thus determining
the irrigation depths to be applied in each treatment
(Bernardo et al. 2019).

The experiment was conducted in a randomized
block design, with four replications. The treatments
were arranged in split plots, with plots consisting
of five soil water availability factors ( f factors)
(f,=0.20;£,=0.35; /,=0.50; f,= 0.65; /. = 0.80) and
subplots consisting of two common bean cultivars
(BRS Pérola and BRS Estilo). Each subplot consisted
oftwo 4-m double plant rows spaced at 0.3 m x 0.7 m,
sowed with 12 seeds per meter. The two central rows
were considered for evaluation, disregarding 1.5 m
of each end.

All plots were irrigated from the beginning
of sowing up to 27 days after sowing (DAS), to
maintain the soil moisture close to the field capacity
and favor the initial growth and establishment of the
crop. Subsequently, they were irrigated whenever the
soil moisture reached the value established for each
treatment, by replacing the water to the limits of the
soil water availability (f factor) of each treatment.
Additionally, the soil moisture of each experimental
plot was determined weekly by the standard method
(Bernardo et al. 2019), during the application of the
treatments.

A drip-irrigation system was used, with
spacing of 1 m between tubes and 0.33 m between
emitters, a wet area of 60 %, flow rate of 2 L h’!

(average of 5 evaluations), working pressure of
150 kPa and application efficiency of 94 %.

The soil was fertilized after planting through
fertigation, which was divided into six applications,
until the application of the treatments, using 40 kg ha™' of
N (45 % of N urea, 12 % of N MAP and 13 % of N
KNO,), 70 kg ha' of PO, (60 % of P,O, purified
MAP) and 30 kg ha'' of K,O (44 % of K,0 KNO,),
according to Vieira et al. (2015b). Micronutrients were
applied using FTE BR12 (1.8 % of B, 0.8 % of Cu,
3.0 % of Fe, 2.0 % of Mn and 0.1 % of Mo), at a rate
of 15 kg ha!. Liming was not performed.

Foliar fertilization was applied at 35 DAS (RS
stage), using CoMo (Co, Mo and P,O, at 10.56 g L™,
105.6 g L' and 132 g L', respectively) at a rate of
300 mL ha''.

The yield components evaluated after the
harvest were: number of pods per plant, number of
grains per pod, 100-grain weight and grain yield. The
number of pods per plant and number of grains per
pod were estimated from the total pods and grains
produced in the subplot, and the 100-grain weight
was estimated by dividing the total grain weight (g)
of the subplot by its respective number of grains
and multiplying the result by 100. Grain yield was
estimated by the amount of grains harvested in the
evaluation area of the subplots, being expressed as kg
ha'!. The results considered a grain moisture of 13 %.
The irrigation depths were summed to determine the
water-use efficiency (kg m?), the ratio between the
average grain yield (kg ha') and the applied irrigation
water depths (m? ha'). After the pod maturation,
the number of accumulated degree-days required
to the common bean crop complete its cycle was
calculated using the method proposed by Villa Nova
et al. (1972), and 10 °C was used as the lower base
temperature (Tb), according to Manfron et al. (1993).
The degree-days (DD) were calculated for each day
by the following equations: DD = [(TM - Tm)/2] +
(Tm - Tb), if Tm > Tb; DD = (TM - Tb)>2(TM -
Tm), if Tm < Tb; and DD = 0, if Tb > TM, where:
TM is the maximum daily temperature (°C), Tm the
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minimum daily temperature (°C) and Tb the lower
basal temperature (°C).

The data were submitted to analysis of
variance, prioritizing the decomposition of significant
interactions at 5 % of probability (p < 0.05). The
quantitative source of variation ( f factor) was
subjected to regression analyses, with the model
coefficients tested by t-Student (p <0.05). The choice
of the model was also based on the determination
coefficient (R?) of the models. The means for the
qualitative source of variation (cultivar) were
compared by the F-test (p <0.05). The analyses were
performed using the Sisvar software (Ferreira 2014).

RESULTS AND DISCUSSION

The common bean cycle was 70 days, without
differences between the cultivars. The water applied
to the common bean crops reached 137.7 mm for
each treatment up to the application of the treatments
(27 DAS) (Table 2). Subsequently, the water depths

Table 2. Water depths before the application of the treatments
(WDBT, mm), total water depths (TWD, mm) and
number of irrigations (NI) applied on common bean
cultivars submitted to soil water availability factors

(f'factor).

[ffactor WDBT TWD NI
0.20 137.7 275.9 40
0.35 137.7 309.9 37
0.50 137.7 294.0 33
0.65 137.7 2493 30
0.80 137.7 221.7 28

ranged from 84.0 mm for the highest f factor (0.8) to
172.1 mm for the lowest (0.35) one. The treatment
with an f factor of 0.35 received a water depth
105 % higher than that with an f'factor of 0.8, which
received the lowest water depth during the common
bean cycle. The lower the ffactor, the higher was the
irrigation frequency (Table 2). According to Vieira
et al. (2015a), the minimum number of irrigations is
operationally ideal, requiring less labor and electricity
consumption for irrigation. However, long intervals
between irrigations generate drier soil conditions
for the crops, making it difficult for plants to absorb
water and leading to water stress.

According to the analysis of variance, the
interaction between soil water availability levels ( f
factor) and cultivars was not significant for any of
the evaluated variables (Table 3). The f factors had
a significant effect on the number of pods per plant,
number of grains per pod, grain yield and water-use
efficiency. The cultivars had a significant effect on
all the evaluated characteristics (Table 3).

The variables data fitted a quadratic regression
model. The number of pods per plant, number of
grains per pod, grain yield and water-use efficiency
(Figures 2A, 2B, 2C and 2D) decreased sharply when
using ffactors of 0.65 and 0.8, which had the largest
intervals between irrigations and lower water depths
(Table 2). The maximum number of pods per plant
and number of grains per pod were obtained by using
the f factors of 0.35 and 0.30, respectively. Factors
lower and higher than these caused a decrease in
these variables.

The applied water depths and the decreases
in yield components using the lowest f factor

Table 3. Analysis of variance for number of pods per plant (NPP), number of grains per pod (NGP), 100-grain weight (100GW, g),
grain yield (GY, kg ha') and water-use efficiency (WUE, kg m?) for the BRS Pérola and BRS Estilo cultivars grown in
the semiarid region of the Minas Gerais state, Brazil, under water availability factors ( f factor).

Source of Degrees Mean square

variation' of freedom NPP NGP 100GW GY WUE
f factor 4 16.96** 4.52%%* 8.28m 1,314,016.51** 0.120%*
Block 3 4.91** 0.20m 4.58m 213,139.58** 0.029%*%*
Error (a) 12 1.22 0.29 621.86 60,177.32 0.008
Cultivar 1 6.48* 3.86** 78.76%* 157,363.23* 0.022*
f factor x cultivar 4 1.23ms 0.08" 4.05™ 70,975.61™ 0.009"
Error (b) 15 0.76 0.14 340.49 31,170.10 0.004
CVaw (%) 24.64 14.91 10.77 2991 30.440
CV) (%) 19.41 10.26 7.97 21.52 21.670
Overall mean 4.49 3.65 23.15 820.28 0.292

'CV: coefficient of variation for the plot (a) and subplot (b); * and ** significant values by the F-test at 5 % or 1 % of probability, respectively; ™ not significant values

by the F-test at 5 % of probability.

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goiania, v. 50, €57367, 2020



Soil water availability for drip-irrigated common bean crop 5

A)
74 . x * 2
—— ¥=3.438063 + 12.571032x - 17.746032x*  R>=0.97
6 -
[ ]
5 o
&
Z 4 (]
3 4
2 o
| T
0.20 0.35 0.50 0.65 0.80
0
1500 1

—— = 641082028 + 2965794720 - 44193055562 R=0.93
13001

1100

900 -

GY

700

500 4

3001

0.20 0.35 0.50 0.65 0.80
{ factor

B)
6- ek wk
— V=3.617258 + 42274215 - 70515872 Re=0.95
54
[ ]
4 [ ]
A
G
b
34 ]
(]
2 E
- . . ; ;
020 035 050 065 080
D)
0.6 R P ns *
—— ¥=0.267317 +0.775159x - 1.230159x2  R2=0.96
0.5
0.4
m [ ]
z
0.3
02 g
OVI 1 T T T T T
0.20 0.35 0.50 0.65 0.80

f factor

Figure 2. Number of pods per plant (NPP) (A), number of grains per pod (NGP) (B), grain yield (GY, kg ha) (C) and water-use
efficiency (WUE, kg m?) (D) of common bean cultivars grown under soil water availability factors ( f factor).

evaluated in the present study are explained by the
soil characteristics. The moisture at the soil water
retention capacity decreases as the ffactor increases
from 0.35 to 0.20.

The number of pods per plant and number of
grains per pod of plants treated with f factors of 0.35
and 0.30 were, respectively, 62.27 % and 41.51 %
higher than those of plants treated with the highest
f factor evaluated. These variables presented lower
percentages when using higher f factors. These
decreases are attributed to increases in the water
stress conditions caused to plants as the f factor is
increased. Water deficit periods cause changes in
the photosynthetic rate (Osakebe et al. 2014, Lanna
et al. 2016) and stressful metabolic conditions to
plants, which lead to energy and sugar depletion
and negatively affect their grain quality and yield
(Cuellar-Ortiz et al. 2008).

The f factors had no significant (p > 0.05)
effect on the 100-grain weight, probably due to

the lower number of pods per plant and number
of grains per pod of plants under the highest water
deficit conditions. Endres et al. (2010) explain
this result by the adaptive aspects of plants, since
it is more beneficial to plants to produce fewer
seeds under unfavorable conditions, what ensures
enough reserves to support the spread of the species.
Common bean plants reduce their number of grains
per pod and number of pods per plant as a defense
mechanism to accumulate reserves and satisfactorily
produce pods and grains. Thus, the plants under stress
conditions had a similar 100-grain weight to that of
plants under no stress, because the low soil water
and photosynthetic rate at the highest ffactors were
enough to promote a satisfactory grain filling.
According to the model presented in Figure 2D,
the maximum grain yield (1,138.4 kgha') is obtained
with the f factor of 0.34, being 83.7 % higher than
that obtained with the highest ffactor evaluated. This
highest grain yield is related to the highest number of
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pods per plant and number of grains per pod found
with ffactors at close intervals. Grain yield is related
to the number of grains per pod, number of pods
per plant and 100-grain weight (Lemos et al. 2004),
which indicate more productive cultivars under low
water availability (Darkwa et al. 2016). The decreases
in grain yield found in the present study due to the
increases in the f factors are consistent with the
reports of Ambachew et al. (2015) and Asfaw &
Blair (2014), who found decreases in grain yield
of approximately 80 % for common bean plants
subjected to low water availability.

The high temperatures in the field during the
crop period (Figure 1), above 30 °C and reaching
35 °C in some days, are important factors that may
have contributed to the significant decreases in
grain yield. Temperature is important to establish
the most appropriate times of the year for the good
performance of common bean. Ribeiro et al. (2014)
also found a low grain yield in several common
bean genotypes and attributed the results to the high
temperatures occurred in the reproductive period
and to a probable decrease in the number of grains
per pod.

According to Vieira et al. (2006c¢), high
temperatures trigger the process of abscission of
reproductive organs in the common bean crop,
and temperatures above 35 °C practically prevent
the pod formation, with a significant effect on the
final yield. Moreover, common bean plants need
1,100 to 1,200 degree-days to complete their cycle
(Medeiros et al 2000). The high temperatures during
the experiment (Figure 1) resulted in an accumulation
of 1,090 degree-days at 70 DAS (end of the crop
cycle), which reduced the common bean cycle
and, consequently, negatively affected the yield
components, corroborating the results of Costa et al.
(2009) and Renato et al. (2013).

The highest water-use efficiency was found
with the f factor of 0.32, which resulted in a grain
yield of 0.4 kg m?3, being 74.28 % higher, when
compared to the highest f factor studied. The water-
use efficiency decreased as the water depths were
decreased (Figure 2E). This denotes the common bean
crop sensitivity to stressful conditions. Several studies
evaluated the water-use efficiency for the common
bean crop (Peres et al. 2010, Cunha et al. 2013, Brito
et al. 2016), showing results between 0.50 kg m?
and 1 kg m. This amplitude is due to different crop
managements and environmental conditions.

The BRS Estilo cultivar had a higher number
of pods per plant (approximately 19.85 %) and
number of grains per pod (18.56 %) than the BRS
Pérola (Table 4). These results are attributed to the
genetic characteristics of the cultivars, since they
were subjected to the same experimental conditions.
BRS Pérola has a higher vegetative vigor and higher
leaf area index. However, this larger leaf area did
not result in a higher production. This is probably
due to the lower net photosynthesis because of leaf
self-shading, when compared to the BRS Estilo
(Silva et al. 2012), which was intensified by the
adopted planting system. According to Loomis &
Connor (2002), the interception of solar radiation by
the plant canopy (self-shading) is dependent on the
leaf area index. In addition, considering the higher
percentages found for the yield components of plants
ofthe BRS Estilo cultivar, they probably had a greater
adaptability to the soil water deficit conditions due to
their greater accumulation of photoassimilates in the
stem that were translocated to the pods and grains,
and because of the probable increasing and deepening
of their root system, which allow them to explore
deeper soil layers, to access water and continue their
metabolic functions.

BRS Pérola had a mean 100-grain weight of
24.55 g and BRS Estilo of 21.74 g (Table 4). These
results are below those found in the literature and
reported by the holders of these cultivars (greater
than 26 g). Guimardes et al. (2017) evaluated the
BRS Estilo cultivar and found 19.2 g for 100-grain
weight. Carvalho & Wanderley (2007) evaluated the
BRS Pérola cultivar in rainfed and irrigated systems
and found 25.5 g. These are similar results to those
found in the present study. Although BRS Pérola had
a higher 100-grain weight, its grain yield was 15 %
lower than that of the BRS Estilo. This is because
the BRS Estilo presents a higher number of pods
per plant and number of grains per pod, which are

Table 4. Number of pods per plant (NPP), number of grains per
pod (NGP), 100-grain weight (100GW, g), grain yield
(GY, kg ha'") and water-use efficiency (WUE, kg m™) of
common bean plants for the BRS Pérola and BRS Estilo
cultivars submitted to soil water availability factors.

Cultivar NPP  NGP 100GW GY WUE
BRS Pérola  4.08b' 3.34b 24.55a 757.56b 0.27b
BRS Estilo 4.89a 396a 21.74b 883.0la 032a

' Means followed by different letters in the columns are different by the F-test at
5 % of probability.
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yield components responsible for the grain yield of
the crop. Melo et al. (2011) also found a higher grain
yield for BRS Estilo, with a grain yield 7 % higher,
when compared to BRS Pérola. The higher grain
yield for BRS Estilo is explained by the common
bean compensatory capacity, since this cultivar has
a smaller plant size than the BRS Pérola, which is
compensated by its yield components (Arf et al.
2011).

The cultivars had a significantly different
water-use efficiency (Table 4). BRS Estilo had a
water-use efficiency 15 % higher than BRS Pérola
with the same water depths.

CONCLUSION

The use of soil water availability factors (f
factor) between 0.30 and 0.35 is recommended for
common bean crop grown under similar climate and
soil conditions as those in the present study. These 1’
factors result in the maximum agronomic yield and
soil water-use efficiency. The BRS Estilo cultivar
has a higher water-use efficiency (16 % higher) than
the BRS Pérola.
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