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Abstract. Gil-Marin JA, Zermefio-Gonzélez A, Cérdova-Rodriguez MX, Ramirez-Rodriguez H, Melendres-Alvarez Al, Moreno LS,
Khamkure S. 2025. Evapotranspiration and the crop coefficients of black bean (Phaseolus vulgaris L.) with weighing lysimeters. Asian J
Agric 9: 349-357. The water needs of a crop depend on the weather conditions, crop characteristics, and stage of development, which
are represented by the crop coefficient (Kc), whose values change throughout the crop's stages of development. This understanding is
the result of a meticulous research process, ensuring the reliability of these findings; knowing the crop evapotranspiration is essential to
improving water use efficiency. This study aimed to determine the values of the crop evapotranspiration (ETc) and Kc for a black bean
crop using a weighing lysimeter under greenhouse conditions. The research was conducted in the greenhouse of the graduate program in
Tropical Agriculture at the University of Oriente (UDO), located on the Juanico Campus in Maturin, Monagas State, Venezuela, during
the dry season from March to June 2020, on an Ultisol soil. The results showed that the bean's daily rate of evapotranspiration (ETc) was
3.16, 6.31, 8.37, and 4.80 mm day for the initial growth, vegetative, flowering, and maturity stages, respectively. The evapotranspiration
for the complete growing cycle was 458.31 mm, corresponding to a water volume of 4,583.10 m3 ha™. The crop coefficient (Kc) for
each development stage was 0.51 for the initial stage (10 days), 0.88 for the vegetative stages (35 days), 1.20 for the flowering stage (20

days), and 0.85 for the maturity stage (8 days).

Keywords: FAO-56 method, reference evapotranspiration, subtropical region, weighing lysimeter

Abbreviations: ETc: Crop evapotranspiration, ETr: Reference crop evapotranspiration, Kc: Crop coefficients

INTRODUCTION

Within the group of legumes, Phaseolus vulgaris L. is
one of the most important species worldwide, serving as a
valuable source of proteins and other essential nutrients for
human nutrition (Flores et al. 2024; Santella Quintero et al.
2024). In this sense, Herrera et al. (2024) assert that, in
addition to its carbohydrate and mineral content, it is
considered the primary source of vegetable proteins. It is
cultivated practically everywhere in the world, with
production reported in 129 countries across five continents.
Latin America is the region of greatest production and
consumption. It is estimated that more than 45% of the
world's production comes from this region, where it is
considered one of the basic products of the peasant
economy.

Beans are a staple food in the Venezuelan diet. It is
grown in almost all states of the country, with a significant
percentage of cultivated areas corresponding to small and
medium growers (Ledn-Brito et al. 2019; Ledn-Brito et al.
2020; Palacios Chavez 2023). According to MAC (2015),
in 2014, Venezuela had a production volume of 7,578 tons,
a harvested area of 9,939 ha, and an average yield of 762
kg ha™. For 2015, production was 8,479 tons, with a harvested

area of 11,969 ha and a mean yield of 708 kg ha™. In 2022,
1,47814 hectares of rain-fed agriculture were harvested,
yielding a total production of 120,900 tons with an average
yield of 0.818 tons per hectare (FAOSTAT 2024). Currently,
Venezuela's total bean production is insufficient to meet
the growing population's demand and the impact of climate
change on crop yields (Dominguez-Suarez et al. 2019; Medina
et al. 2019).

Of the total agricultural surface area planted in VVenezuela,
45% corresponds to the cultivation of the bean crop. Beans
are consumed as dried grains that are exclusively for human
consumption and are considered a strategic food, constituting,
together with corn, a staple of the Venezuelan diet. Beans
provide approximately one-fifth of the total protein consumed
by the population (Sanchez et al. 2018; Ekmeiro-Salvador
and Arévalo-Vera 2023). Currently, our country's production
of legumes, specifically black beans (P. vulgaris), is
significantly reduced (Flores et al. 2016; Ledn-Brito et al.
2018). The cultivation of black beans remains highly
profitable despite widespread poor irrigation practices and
a lack of research to determine the effect of environmental
factors on the water demand of this crop. When the amount
of water a plant consumes is unknown, it is challenging to
implement effective irrigation planning.
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Therefore, developing an appropriate methodological
procedure to quantify the water requirements of bean plant
growth in greenhouses remains highly relevant due to its
effects on improving production profitability. Water application
should respond to a dynamic that depends on the conditions
where the crop is established, the plant's phenological
stage, and the type of substrate or soil used for the plant's
growth. By determining the crops' evapotranspiration in an
agricultural region, it is possible to implement efficient
irrigation management, thereby optimizing the use of the
area’'s water resources (Pereira et al. 2015; Padilla-Valenzuela
et al. 2023; Ramezani et al. 2025). Crop evapotranspiration
encompasses two key processes: soil surface evaporation
and transpiration from the plant's leaves (Allen et al. 2006;
Daniel et al. 2020). A crop's evapotranspiration rate can be
obtained by direct field measurements or estimated using
meteorological data. In any case, the required data must be
obtained directly from the agricultural areas. As the surface
increases, the solution becomes more demanding. The
methods for measuring the evapotranspiration rate of a crop
can provide better information on the different aspects of
crop management that affect the rate of plant transpiration.

The crop coefficients (Kc) are the relation between the
actual crop evapotranspiration (ETc) and the reference
evapotranspiration (ETr). The ETc corresponds to the
evapotranspiration rate of a large green vegetation area with
full soil surface cover, with no restrictions on soil water
availability (Allen et al. 2006). The values of ETc across
the different growth stages of a crop can be determined by
measuring the rate of ETc under open-field conditions and
by measuring the difference in soil water content throughout
the crop cycle at various time intervals. ETc values can
also be obtained by using weighing lysimeters. Previous
studies (Nicolas-Cuevas et al. 2020; Al Tamimi et al. 2022;
Negash et al. 2024) have demonstrated that precise
measurements of ETc and the corresponding Kc for various
crops can be obtained using weighing lysimeters; given the
hypothesis that weighing lysimeters can be used in
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greenhouse conditions to obtain precise values of plants'
evapotranspiration rates and crop coefficients. The objective
of this study was to determine the evapotranspiration rate
of black bean plants (cv. Tui Tui) and the corresponding
crop coefficients at different stages of plant development,
growing in a greenhouse.

MATERIALS AND METHODS

Study area

This research was carried out in greenhouse No. 2 of
the Postgraduate Program in Tropical Agriculture of the
University of Orient (UDO), located on the Juanico Campus,
Maturin, Monagas state, Venezuela, located at about 60 m
asl., with a geographic location between 9°44'12" N and
63°09'24" W (Figure 1). According to the meteorological
station of the Venezuelan Air Force (FAV), the area has an
average annual temperature between 22 and 27°C,
characterized by a rainy tropical savannah climate with a
distinct dry season, accompanied by very fluctuating
annual rainfall, ranging from 966 mm to 1,743 mm (Gil-
Marin et al. 2023).

Procedures

The evapotranspiration rate of the plants (black beans,
cv. Tui Tui, native to Brazil) was determined by gravimetric
measurements in pots, which involved successive weighing
with intermediate irrigation applications and precise drainage
measurements to obtain the water content. The water
evapotranspired by the plants was then calculated by the
difference in the water content. The work was conducted in
pots made of plastic containers 25.60 cm in diameter and
35 c¢cm in height, with a volume of 18 L. For the study, 60
containers were filled with soil (sandy loam texture) from
the Sabana Experimental Station of the Universidad de
Oriente. The physical and chemical properties of the soil
are shown in Tables 1 and 2.
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Figure 1. Research location in Juanico Campus, Maturin, Monagas, Venezuela
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Table 1. Particle content, bulk density, and soil porosity of the soil used in the study
Depth (cm)  Sand (%)  Silt (%)  Clay (%) Bu(';gnigs)“y Pa”&;'ism ‘?'%”S'ty Porosity (%)  Depth (cm)
0-20 74.8 11.2 14.0 1.46 2.58 44.0 15
20-50 70.0 4.10 21.6 1.20 2.54 53.0 6.2
50 - 100 64.0 10.4 25.6 1.23 2.26 48.0 7.4
Note: Source: Hossne (2015)
Table 2. Physical properties and electrical conductivity of the soil used in the study
Water content (%) for each tension value (kPa)

0, 0, 0, (0)
Depth (cm) FC (%) WP (%) AW (%) 33 100 500 1000 EC (dS/m) OM (%)
0-20 10.9 5.1 5.8 8.9 8.3 6.5 5.8 0.25 1.37
20-50 14.7 6.2 8.5 125 10.6 8.9 7.2 0.14 0.84
50 - 100 11.0 5.3 5.7 9.6 8.6 7.6 6.0 0.188 0.50

Note: Source: Hossne (2015). FC: Field Capacity, WP: Permanent Wilting Point, AW: Available Water, EC: Electrical Conductivity,

OM: Organic Matter

Hence, to have the same mass of soil for a fixed volume
of 18 L of each pot, the following equation was used:

Ms =V * pb

Where, Ms is the mass of dry soil, pb is the soil bulk
density, and V is the soil volume in the pot. Each pot was
filled with a three-centimeter-thick layer of sifted gravel,
followed by a calculated mass of soil, 25 kg, to a height of
28 cm and a volume of 18 L. Holes were made at the
bottom of each pot to allow excess water drainage. The
percolated water was measured using a 500 mL container.

The crop evapotranspiration rate (ETc) from each pot
was calculated using the water balance equation:

ETc=LI-LD+ LR +/- ALS

Where, LI is the irrigation depth, LD is the drainage
depth, LR is the rain depth, and ALS is the change in soil
water depth. ALS was obtained using the following equation:

ALS = Lsl - Ls2

Where, Lsl is the soil water depth at the initial time
(usually the water depth corresponding to field capacity),
and Ls2 is the soil water depth after a specific segment of
time. Ls2 was calculated with the following equation:

Ls2 = (6wl - Ow2)* prof* pb

Where, 6wl is the soil water content (g/g) at the initial
time, and Ow2 is the soil water content (g/g) after the same
time segment.

When using a weighing lysimeter, ALS can be obtained as:

ALS = (W1 - W2)/AL

Where, W1 is the weight of the lysimeter at the initial
time, W2 is the weight of the lysimeter after the same time
segment, and AL is the transversal section area of the
lysimeter (633.47 cm?).

For time segments with no irrigation, no drainage, and
no rain, the ET is calculated as:

ETc=ALS

The weight of the lysimeter at field capacity was
determined by over-saturating the soil in the plots and
allowing free drainage until a steady weight was observed
(28.70 kg). A digital electronic scale with a 60 kg capacity
and 20 g precision was used to measure the weight of the
pots. A difference of 1 kg in the pots corresponded to a
water depth of 19.44 mm. The weighing of the pots was
made daily, and irrigation application to the pots was
suspended when 80 percent of the fruits reached physiological
maturity. The calibration of the lysimeters (containers with
soil and plants) involved daily checks to ensure that the
digital weighing balance provided accurate readings using
known weights.

The crop coefficient (Kc) values for the different stages
of development of the black bean crop were calculated
from the crop evapotranspiration data (ETc) obtained by
weighing lysimeters, and the monthly reference
evapotranspiration data (ETr) calculated using the Penman-
Monteith equation using the Cropwat 8.0 program (Allen et
al. 2006). Kc was determined using the following equation:

Kc = ETc/Etr

For this study, four development stages were considered
for the bean plants: initial stage (from seeding to seedling
emergence); vegetative (from seedling emergence to first
open flowers); flowering (from first open flowers to beginning
of pod formation); maturity (from beginning of pod formation
to beginning of leaves yellowing and dropping) (Madriz et
al. 2013; Pérez et al. 2019; Mago et al. 2021). The FAO
Penman-Monteith method (Allen et al. 2006) is considered
the standard and most recommended method for determining
reference evapotranspiration under different climatic conditions.
This method requires weather variables such as net radiation,
air temperature, relative humidity, wind speed, and canopy
resistance of the vegetated surface. The Hargreaves-Samani
method (Ferreira et al. 2020) was also employed in this study
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to determine the reference or potential evapotranspiration;
this method is more straightforward, requiring only daily
solar radiation and the average air temperature. A linear
regression analysis was done between ETc and the reference
evapotranspiration (ETr) estimated by the Hargreaves-Samani
and Penman-Monteith methods.

The evapotranspiration and Kc values at each stage of
the plant's development were calculated as the average of
60 measurements, obtained from 60 containers (25.6 cm in
diameter and 35 c¢m in height) with 25 kg of sandy loam
soil and a bean plant, serving as weighing lysimeters. The
plants' evapotranspiration was measured daily.

RESULTS AND DISCUSSION

The black bean cv. Tui-Tui's growing cycle throughout
the four stages of development was 73 days (Table 3). The
vegetative and flowering stages accounted for 75.3% of the
total cycle, with flowering being the shortest stage.

The initial stage spans from the day of sowing until the
plants cover approximately 10% of the soil surface. The
vegetative stage covers the period from the end of the initial
stage until the plants reach full foliage growth, and the
flowering stage initiates. The flowering stage encompasses
the transition from the vegetative stage to the start of grain
maturity, denoted by the yellowing of the plant leaves and
the development of a brown color in the grain. The maturity
stage spans from the end of the flowering stage to the
complete senescence of the plant (harvest).

Plant’s evapotranspiration rate (ETc)

The plant's evapotranspiration rate (ETc) exhibited an
upward trend from the initial stage (sowing) of the crop to
the flowering stage, and then decreased in the maturity stage
(Table 4). At the initial stage, ETc was low (3.16 mm day!)
because the plants had begun to develop, and the water had
mostly evaporated from the soil surface. In the vegetative
stage, the leaves of the plants increased in size, and the
daily ETc also rose (6.31). At the flowering stage, the plants
exhibited full foliage growth, and the water requirements
for grain formation increased, resulting in the highest ETc
rate (8.37 mm day!). The plant leaves initiate senescence
during maturity, and the ETc was reduced (4.80 mm day™).
The difference in ETc rate at each stage of development
was also influenced by climate variation in the greenhouse,
including solar radiation, air temperature, and relative humidity.

Previous studies have shown that bean plants are
susceptible to excess soil humidity and water deficit (Nigussie
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et al. 2024). The highest ETc was observed at the flowering
and pod formation stage, which coincides with the report of
Rivera and Chaves (2019), who reported that the flowering
stage has the highest water demand for bean plants. do
Nascimento et al. (2024) observed maximum ETc values of
15.2 mm day? in greenhouse conditions for mung beans in
the flowering and pod-filling stages. Similarly, de Queiroz
et al. (2024) reported ETc values of 10.6 mm day? for the
same type of bean; in both cases, the ETc values were
higher than those observed in this study. For field
conditions, the crop bean ETc in the flowering and pod-
formation stages had the highest value of 3.98 mm day*
(Rodriguez-Correa et al. 2023). According to Bhattacharya
(2020), when the water supply is insufficient to meet the
crop's needs during the flowering and pod-filling stages,
grain yields decrease drastically. The availability of soil
moisture during the reproductive stage is crucial for the
grain yield of bean plants (Hernandez et al. 2015). On the
other hand, the water depth and the distribution of
irrigation intervals affect crop yield when the phenological
stages with the greatest water requirement (flowering and
pod filling) are not considered, as well as losses due to
evapotranspiration, system efficiency, and the intrinsic
characteristics of the soil based on overall fertility
(Lekgoathi et al. 2025).

The results of this work coincide with those reported by
Dominguez-Suérez et al. (2016), who found similar responses
when working with 64 lines of common beans under two
soil moisture conditions. Gonzalez-Cueto et al. (2017) also
defined irrigation depth and scheduling based on the
phenological stage of bean plant development. The grain
yield of the bean plant depends on water availability during
the flowering and pod-filling stages (LOpez et al. 2011).
The study by Fang et al. (2010) showed that the grain yield
of a plant bean depends on the tolerance to low humidity
conditions during the flowering stage. Depending on the
duration and magnitude of the drought period, yield losses
of 20 to 100% can occur in bean plants (Fabre et al. 2010).

Table 3. Growth stages of the black bean crop (Phaseolus
vulgaris), cv. Tui-Tui grows in pots and a protected environment

Stage Range

Start day Final day Duration
Initial growth 1 10 10
Vegetative 11 45 35
Flowering 46 65 20
Maturity 66 73 8

Note: Date of sowing: 22 March 2020

Table 4. The evapotranspiration rate of black bean plants was measured throughout the four stages of development in pots inside a

greenhouse
Stage of development Duration Evapotranspiration rate

(days) mm stage™ mm day*! m?® ha''stage? L plant? stage™
Initial growth 10 31.57 3.16 31.6 2.00
Vegetative 35 221.01 6.31 63.1 14.01
Flowering 20 167.33 8.37 83.7 10.60
maturity 8 38.39 4.80 48.0 2.43
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Full cycle 73 458.31

5.66 226.4 29.04

The ETc of the whole crop cycle (73 days) was 458.31
mm, corresponding to 4583.08 m® ha! and an average of
5.66 mm day*. The plant water consumption for the whole
cycle was 29.04 L plant® under greenhouse conditions (Table
4). Jabow et al. (2015) reported that for the initial stage of
development, the ETc of common bean plants was 32 mm,
a value similar to the one obtained in our work. For open-
field conditions and drip irrigation, the ETc of a black bean
crop was 187 mm, a value significantly lower than the one
obtained in this study (Escobar et al. 2014). However, Moreno
et al. (2014), also in open-field and drip irrigation, reported
an ETc of 491 mm for a black crop bean, similar to the ETc
found in our study. Ortiz et al. (2010) reported
evapotranspiration values of 327 mm in 2008 and 350 mm
in 2009 for the black bean crop during an 85-day crop
cycle, which are lower than those observed in this work.
Escalante-Estrada et al. (2001) reported a fluctuating ETc
of 292 mm to 406 mm for a black bean crop during the
summer season. In Mexico, the ETc for the entire growing
cycle of the black bean cultivar Rocha was 217.94 mm,
45.7% smaller than the ETc value reported in our study
(Diaz-Lopez et al. 2023).

Relation between ETc obtained by lysimetric
measurements and the estimated ETr by two methods
The crop evapotranspiration (ETc) obtained through
lysimetric measurements was compared with the reference
evapotranspiration calculated using the Hargreaves-Samani
method (ETr H-S) and the Penman-Monteith method (ETr

P-M). The ETc for the crop's whole season was significantly
higher (51.15%) than ETr H-S but very similar to ETr P-M,
only 3.27% higher (Table 5), indicating the possibility of
using the Penman-Monteith method for estimating the
black bean crop evapotranspiration under greenhouse
conditions.

The study by Pire and Rodriguez (2009) also found a
slight difference between the ETc of a black bean crop and
the ETr calculated using the Penman-Monteith method
(4%). The Penman-Monteith equation has been reported in
several studies as the method that best reproduces the
reference evapotranspiration under various climatic conditions
(Gaafer et al. 2024; Ippolito et al. 2024; Liu et al. 2024).
The ETc of an onion crop obtained by lysimetric
measurements (525 mm) was higher than the ETr calculated
by the Hargreaves-Samani equation (429 mm), corresponding
to a difference of 22.38% (Garcia et al. 2013).

A linear regression between the accumulated crop
evapotranspiration obtained by lysimetric measurements
(ETc) and the reference evapotranspiration estimated by
the Hargreaves-Samani method (ETr H-S) for the whole
crop season showed that ETc was underestimated by
56.49% when using the Hargreaves-Samani method
(Figure 2). However, the linear regression between the ETc
and the reference evapotranspiration estimated by the FAO
Penman-Monteith method (ETc P-M) demonstrated that
ETc was only underestimated by 7.4% if the Penman-
Monteith method is used to calculate the reference
evapotranspiration (Figure 2).

Table 5. Measured evapotranspiration rate (ETc) of the black bean crop (Phaseolus vulgaris) cv. Tui-Tui, grown in pots inside a
greenhouse, and estimated reference evapotranspiration calculated with the Hargreaves-Samani method (ETr H-S), and the Penman-

Monteith method (ETr P-M)

Days Oto 6to 1llto 16to 21to 26to 3lto 36to 41to 46to 51to 56to 6lto 66to 71lto
5 10 15 20 25 30 35 40 45 50 55 60 65 70 73
ETc 15,79 31.6 63.14 9472 126 1579 189.44 221 252.6 294 336.2 378.07 4199 4439 4583
ETrH-S 1285 257 399 547 69.2 917 1102 139 1627 190 2148 240 26525 286.9 303.2
ETr P-M 165 33 515 70 975 125 1605 196 235 274 313 352 388 424 44338

Note: ETc, ETr-H-S, ETr P-M are accumulated values of evapotranspiration in mm
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Figure 2. Correlation between the black bean evapotranspiration (ETc) obtained by lysimetric measurements and the reference
evapotranspiration (ETr) calculated by the methods of Hargreaves-Samani (A) and Penman-Monteith (B)
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and the actual values obtained in the crop of black beans (Kc
Lysimeter) grown in pots inside a greenhouse

Table 6. Reference evapotranspiration (ETr) obtained by the
FAO-56 method, crop evapotranspiration (ETc) obtained by lysimetric
measurements, and the crop coefficients (Kc) for each stage of
development of the black bean crop (Phaseolus vulgaris) variety
Tui-Tui, grown in pots inside a greenhouse

Duration ETr ETc

Phases (days) (mmday-1) (mm day-1) Ke
Initial stage 10 6.19 3.16 0.51
Vegetative 35 7.18 6.31 0.88
Flowering 20 7 8.37 1.20
Maturity 8 5.62 4.80 0.85

The determination coefficient between the accumulated
values of ETc and ETr H-S was 0.999, and between ETc
and ETr P-M was 0.998 (Figure 2). This result indicates
that both models can be used to estimate ETc, but the
accumulated ETr must be multiplied by the coefficient
1.5694 when using the H-S model. Still, if the P-M model
is applied, the accumulated ETr has to be multiplied by the
coefficient 7.4. Garcia et al. (2013) also reported a high
coefficient of determination between the ETc of a black bean
crop measured by a lysimeter and the ETr calculated by the
Hargreaves-Samani method (0.995) and between ETc and
ETr calculated by the Penman-Monteith method (0.997).
The high correlation between accumulated ETc and ETr
values indicates consistency under the evaluated conditions.
However, ETr values were lower than the ETc. A drainage
lysimeter measured the coefficient of determination between
the Chinese bean crop ETc.

Kc coefficients of the black bean crop under greenhouse
conditions

The average crop coefficient grows from the initial
stage of development to the flowering stage and then
decreases in the maturity stage (Table 6); the same pattern
was observed in the average daily crop evapotranspiration
(ETc) and the Penman-Monteith reference evapotranspiration
(ETr) (Table 6). The increase in Kc values from the initial
stage of development to the flowering stage was due to the
growth of the plants' leaves and roots. In the flowering
stage, the plant's photosynthetic activity increases due to
the photosynthates required for flower and pod growth and
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filling; therefore, the plant needs to maintain open stomata,
and the crop reaches its highest rate of ETc (8.37 mm day
1) and the highest Kc (1.2). In the maturity stage, the plant
water requirements are reduced because the plant leaves
initiate senescence and fruit ripening; consequently, the rate
of ETc decreases to 4.80 mm day? and the Kc to 0.85
(Table 6).

The FAO crop coefficient (Kc FAO) (Allen et al. 2006)
was very similar to the crop coefficient obtained by the
lysimetric measurements of crop evapotranspiration (Kc
Lysimeter) during the initial stage of development (Figure
3). As the vegetative stage develops, the KC (Lysimeter)
value is higher than the Kc (FAO) value. Throughout the
vegetative, flowering, and maturity stages, the Kc (Lysimeter)
value is higher than the Kc (FAO) value. By the end of the
maturity stage, both Kc are approximately equal (Figure 3).
During the flowering stage of development, the highest Kc
(Lysimeter) values were approximately 1.20 and 1.05 for
the Kc (FAO) (Figure 3). Although this difference is slight,
to improve the water use efficiency in the irrigation
applications for this crop, it is suggested that Kc values be
generated at the agricultural surface where the crop will be
established. Additionally, when using the Kc values generated
for a particular crop and location, a more accurate determination
of the crop evapotranspiration is obtained, leading to the
highest crop yield.

The Kc values obtained by measuring evapotranspiration
of a bean crop using a drainage lysimeter in open-field
conditions were 0.45, 0.88, 1.28, and 0.75 at the initial,
vegetative, flowering, and maturity stages, respectively
(Chavarria Parraga et al. 2019). While under greenhouse
conditions with drainage lysimeters, Hermoso Veramendi
et al. (2024) reported crop coefficients of 0.412 in the initial
stage, 0.904 during development, 1.058 in the middle of the
season, and 0.804 at the end, with a total vegetative period
of 94 days, in both cases the Kc values are similar to the
ones obtained in our work. However, the study by
Nascimiento et al. (2024) on mung beans, which measured
crop evapotranspiration in open-field conditions, reported Kc
values of 0.73, 1.24, 1.86, and 1.32, which are higher than
the values obtained in this study. Another study by El-
Noemani et al. (2015) found values ranging from 0.63 to
0.64 for the initial stage, 0.87 to 0.82 for development, 0.99
to 1.09 for midseason, and 0.80 to 0.95 for the harvesting
stage in the case of the Bronco variety.

As the black crop bean variety Tui Tui used in our
study exhibited rapid and significant leaf growth, covering
the total pot area 35 days after sowing, the plants had a
high transpiration rate, and the Kc values were greater than
the theoretical Kc values (Allen et al. 2006). The weather
conditions within the greenhouse also influenced our study's
evapotranspiration and Kc values, as the incident solar
radiation, temperature, relative humidity, and wind speed
may differ from those outside the greenhouse. Another factor
that could have affected the Kc and evapotranspiration
values was the soil texture, as soil surface evaporation is
related to soil texture. Additionally, the soil water availability
for plants depends on the hydraulic properties of the soil,
which are related to the soil texture (Bonet Pérez et al.
2010; Sevostianova et al. 2025). The Kc values are affected
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by different factors, including differences in plant
morphology, which affect light interception and
aerodynamic resistance; the distribution and responses of
stomata to the environment; the irrigation system and its
effect on soil moisture distribution; irrigation frequency
and rainfall; interception of dew and condensation that
affects canopy resistance (Kullberg et al. 2017; Jamshidi et
al. 2020; Pereira et al. 2021; Kebede et al. 2025). On the
other hand, Seidel et al. (2019) also point to bean sowing
dates as another factor that influenced the Kc curves due to
varying growth rates and growth durations. Crop
coefficients are inherent characteristics of the crop that are
used to calculate crop evapotranspiration or water
requirements (ETc ) (Chandra and Kumari 2021). The
presented Kc curves can help farmers make accurate
estimates of daily irrigation water demand during the
season, as well as over the long term, under local
conditions.

Crop production

The vyield of a particular crop is the result of agronomic
crop management, including fertilization, pest control,
irrigation, and the interaction of the plants with environmental
variables such as solar radiation, air temperature, humidity,
and wind speed. The average grain yield per plant obtained
in our study was 30 g. For a seeding of 30 cm between
plants and 80 cm between furrows corresponds to a plant
density of 41667 plantstha and a yield of 1,200 kg ha™.
Although our study was conducted in plots in a controlled
environment, we aimed to compare the results obtained in
this study with those reported for the growth of this and
other bean cultivars in open-field conditions. The yield of a
black bean crop grown in open-field conditions in a semi-
arid region of Turkey was 1,213 kg ha' (Yavuz 2021),
which is similar to the yield obtained in our study; however,
the yield of the black bean crop cv. Tacarigua grown in the
open field in Lara state, Venezuela, was 2,623 kg ha®,
which is twice the yield found in our study (Escobar et al.
2014). The survey by Lozada (1997) reported a yield of
2,693 kg ha of the black bean cv. Ica-Pijao in Lara State,
Venezuela, under open-field cultivation. In another study,
Valderrama et al. (1997) obtained a yield of 2,290 kg ha™*
of the black bean crop variety Ana-133 in the state of
Auraca, Venezuela, also in open-field cultivation. It seems
that the yield of the black bean crop cv. Tui Tui is inferior
to other black bean crop varieties, or, under greenhouse
conditions, the yield of the Tui Tui cv. is smaller than that
obtained in open-field cultivation. In the pinto bean cultivar
Othello, Sharma and Rai (2022) reported yields of 3,825 kg
ha! in arid areas of Wyoming, United States, which are
higher than those observed in this work. A study by Gradiz
et al. (2025) with the Virgo bean cv. reported yields in a
range of 1,200 to 4,100 Kg ha in Nebraska, USA.

Conclusions, the evapotranspiration (ETc) of the black
bean crop cv. Tui Tui for the whole cycle (73 days) was
458.31 mm. This finding has practical implications for crop
water management, as it guides the timing and amount of
irrigation needed. The ETc increased from the initial to the
flowering stage and decreased in the maturity stage, a
pattern that can be directly applied to optimize water use.
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The ETc of the vegetative and flowering stages accounted
for 84.73% of the whole crop cycle, a key point for planning
irrigation schedules. The crop coefficient (Kc) exhibited a
similar trend, increasing from the initial to the flowering
stage and then decreasing in the maturity stage. The highest
Kc value was observed in the flowering stage with a value
of 1.20, indicating that, in this stage, the crop evapotranspiration
was higher than the reference evapotranspiration.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the efforts made
by the Research Council of the University of Orient (UDO),
Monagas, Venezuela, in supporting this study and providing
the necessary equipment for data acquisition.

REFERENCES

Al Tamimi M, Green S, Hammami Z, Ammar K, Al Ketbi M, Al-Shrouf
AM, Dawoud M, Kennedy L, Clothier B. 2022. Evapotranspiration
and crop coefficients using lysimeter measurements for food crops in
the hyper-arid United Arab Emirates. Agric Water Manag 272:
107826. DOI: 10.1016/j.agwat.2022.107826.

Allen R, Pereira L, Raes D, Smith M. 2006. ET del cultivo crop ET.
Guides for determining the water requirements of crops. FAO
irrigation and drainage study 56. Food and Agriculture Organization
of the United Nations (FAO). Rome, Italy. Available at:
http://www.fao.org/docrep/009/x0490s/x0490s00.htm.

Bhattacharya A. 2021. Dry matter production, distribution and seed yield
under soil water deficit conditions: A review. In: Soil water deficit
and physiological issues in plants. Springer, Singapore. DOI:
10.1007/978-981-33-6276-5_7.

Bonet Pérez C, Acea Lahera I, Brown Manrique O, Hernandez Victoria
M, Duarte Diaz C. 2010. Crop coefficients for the irrigation
scheduling in pineapple. Rev Cie Téc Agr 19 (3): 23-27.
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S2071-
00542010000300005&Ing=es&tIng=es. [Spanish]

Chandra R, Kumari S. 2021. Estimation of water requirements of rice-
wheat and rice-maize crops using CROPWAT model for Pusa,
Samastipur  District, Bihar. J AgriSearch 8 (2). DOI:
10.21921/jas.v8i2.7299.

Chavarria Parraga JE, Ugando Pefiate M, Sabando Garcia AR, Mufioz
Parraga JP, Bravo Ferrin RX, Villalon Pefiate A. 2019. Water
requirements of cowpea (Vigna unguiculata (L) Walp) calculated
with the crop coefficient using drainage lysimeter. Ciencia y
Agricultura 17 3): 111-121. DOl:
10.19053/01228420.v17.n3.2020.11746. [Spanish]

Daniel DF, Dallacort R, Barbieri JD, Camillo MA, Janior SS, Fenner W.
2020. Evapotranspiration and dual crop coefficient of maize second
season intercropped with Crotalaria. J Exp Agric Intl 42 (1): 142-157.
DOI: 10.9734/jeai/2020/v42i130460.

de Queiroz TM, de Matos RM, dos Santos BD, Araljo DM, Meurer E,
dos Santos FC. 2024. Evapotranspiration from irrigated mungo bean
cropping in the Cerrado Region of Mato Grosso. evista de Gestdo
Social e Ambiental 18 (2): 1-10. DOI: 10.24857/rgsa.v18n2-058.

Diaz-Lépez E, Bravo-Delgado HR, Baez-Rodriguez 1, Francisco-
Francisco N, Morales-Ruiz A, Ledn-de la Rocha JF. 2023. Phenotypic
plasticity of beans under four nitrogen levels in Tehuacan. Revista
Mexicana de Ciencias Agricolas 14 (2): 223-234. DOI:
10.29312/remexca.v14i2.3138.

do Nascimento VF, de Queiroz TM, de Matos RM, dos Santos BD, Dipple
FL. 2024. Crop coefficient (Kc) of mungo beans cultivated in the
edaphoclimatic conditions of Mato Grosso. Obs Lat Am Econ 22 (7):
€5624. DOI: 10.55905/0elv22n7-045. [Spanish]

Dominguez-Suérez A, Darias-Rodriguez R, Martinez-Dévalos Y, Alfonso-
Negrin E. 2019. Tolerance of common bean (Phaseolus vulgaris)
varieties to drought conditions in the field. Centro Agricola 46 (3):
22-29. [Spanish]


https://doi.org/10.19053/01228420.v17.n3.2020.11746
https://doi.org/10.19053/01228420.v17.n3.2020.11746
https://doi.org/10.9734/jeai/2020/v42i130460

356 ASIAN JOURNAL OF AGRICULTURE 9 (2): 349-357, December 2025

Dominguez-Suarez A, Martinez-Déavalo Y, Pérez-Hernandez Y, Fuentes-
Alfonso L, Darias-Rodriguez R, Sosa-del Castillo M, Rea-Suéarez R,
Sosa-del Castillo D. 2016. Yield of Cubans and Venezuelan
genotypes of common bean, grown in drought conditions. Ciencia
Unemi 9 (20): 68-75. DOI: 10.29076/issn.2528-7737vol9iss20.2016pp68-
75p. [Spanish]

Ekmeiro-Salvador JE, Arévalo-Vera CR. 2023. Sociodemographic,
anthropometric and dietary characterization of Venezuelan older
adults.  Horizonte  Sanitario 22  (3): 477-488. DOl
10.19136/hs.a22n3.5470.

El-Noemani AA, Aboamera MAH, Dewedar OM. 2015. Determination of
crop coefficient for bean (Phaseolus vulgaris L.) plants under drip
irrigation system. Intl J ChemTech Res 8 (12): 203-214.

Escalante-Estrada JA, Escalante E LE, Rodriguez G MT. 2001. Bean
production in two planting seasons: Its relationship with
evapotranspiration, heat units and solar radiation in a warm climate.
Lat Am Land J 19 (4): 309-315.

Escobar H, Ortiz J, Miranda H, Peroza D. 2014. Efecto de diferentes dosis
de riego sobre el cultivo de caraota (Phaseolus vulgaris L.). Revista
Unellez de Ciencia y Tecnologia 32: 52-58. [Spanish]

Fabre TB, Secada Y, Chaveco O, Boudet A, Gomez Y, Merifio Y, Reyes JJ,
Ojeda CM, Tornes N, Barroso L. 2011. Evaluation to the drought of
genotypes of common frijol using different selection indexes. Centro
Agricola 38 (4): 69-73.
http://cagricola.uclv.edu.cu/descargas/pdf/\/38-
Numero_4/cag134111824.pdf. [Spanish]

Fang X, Turner NC, Yan G, Li F, Siddique KH. 2010. Flower numbers,
pod production, pollen viability, and pistil function are reduced and
flower and pod abortion increased in chickpea (Cicer arietinum L.)
under terminal drought. J Exp Bot 61 (2): 335-345. DOI:
10.1093/jxb/erp307.

FAOSTAT. 2024. World bean production (Phaseolus vulgaris L.), Inst.
FAOSTAT, Roma, Italia. http:// www.fao.org/faostat/es/#data/QC.
Ferreira A, Cameira MdR, Rolim J. 2024. Methodology for obtaining ETo
data for climate change studies: Quality analysis and calibration of the
Hargreaves-Samani  equation. Climate 12 (12): 205. DOI:

10.3390/cli12120205.

Flores Y, Alcala A, Escobar A, Mdjica Y, Garcia M. 2024. Presence of
insects in caraota Phaseolus vulgaris L., Mundo Nuevo sector, Juan
Angel Bravo parish, Ezequiel Zamora municipality, Cojedes
Venezuela. Ciencia y Tecnologia Agropecuaria 9 (2): 44-50. DOI:
10.24054/cyta.v9i2.3107. [Spanish]

Flores Z, Aponte L, Lépez N. 2016. Basic aspects for the agronomic
management of certified bean seed production. INIA Divulga 35 (35):

44-53. Recovered from
http://publicaciones.inia.gob.ve/index.php/iniadivulga/article/view/74
6. [Spanish]

Gaafer A, Mohammed HI, Elfadil AD. 2024. Estimating reference

evapotranspiration using Penman-Monteith (FAO-56-PM) method
from limited data in fan and pad greenhouses. Herald Russ Acad Sci
53: 49-59.

Garcia Y, Brito JJ, Lépez J. 2013. Evapotranspiration of onion crop in
Quibor, Venezuela. Lysimeter measures and estimation with the two
step methodology FAO. Revista Unellez de Ciencia y Tecnologia 31:
33-41.

Gil-Marin JA, Zermefio-Gonzélez A, Cérdova-Rodriguez MX, Ramirez-
Rodriguez H, Cadena-Zapata M, Méndez-Gonzélez J, Cornejo-
Oviedo EH. 2023. Deficient irrigation affects fruit yield and quality of
sweet peppers. Open Agric J 17: el8743315273156. DOI:
10.2174/0118743315273156231128051847.

Gonzélez-Cueto O, Abreu-Ceballo B, Herrera-Suarez M, Lépez-Bravo E.
2017. Water use during bean irrigation in Eutric cambisol soils.
Revista Ciencias Técnicas Agropecuarias 26 (1): 71-77.
https://revistas.unah.edu.cu/index.php/rcta/article/view/481.

Gradiz A, Qiao X, Taghvaeian S, Liang WZ, Rudnick D, Katimbo A,
Wang J Palle S. 2025. Responses of dry edible bean crop growth and
water productivities under different irrigation scenarios in the US
high plains. Agric Water Manag 308 (9): 109280. DOI:
10.1016/j.agwat.2024.109280.

Hermoso Veramendi SA, Aparicio Roque F, Mejia Zufiiga E, Reyes
Roque E, Bayona Antlinez R, Miranda Ramos E. 2024. Study of bean
crop coefficients under greenhouse conditions. Available in SSRN:
https://ssrn.com/abstract=4963511 0. DOI: 10.2139/ssrn.4963511.

Hernandez YM, Antomarchi AB, Fabre TB, Barreiro EA, de Guevara L,
Palacio AJ, Castillo RO. 2015. Yield and drought tolerance of six

common bean (Phaseolus vulgaris L.) varieties under field conditions.
Centro Agricola 42 (1): 69-74. [Spanish]

Herrera RL, Fajardo EV, de la Cuesta AO. 2024. Use of alternative
products in the production of beans (Phaseolus vulgaris L.) under
conditions of La Tagua. Sinergia Académica 7 (Especial 4): 311-321.
DOI: 10.51736/fftj5a30. [Spanish]

Hossne A, Méndez J, Trujillo M, Parra F. 2015. Soil irrigation frequencies,
compaction, air porosity and shear stress effects on soybean root
development. Acta  Universitaria 25 (1): 21-29. DOI:
10.15174/au.2014.676.

Ippolito M, De Caro D, Cannarozzo M, Provenzano G, Ciraolo G. 2024.
Evaluation of daily crop reference evapotranspiration and sensitivity
analysis of FAO Penman-Monteith equation using ERAS5-Land
reanalysis database in Sicily, Italy. Agric Water Manag 295: 108732.
DOI: 10.1016/j.agwat.2024.108732.

Jabow MA, Ibrahim OH, Adam HS. 2015. Evapotranspiration and crop
coefficients of grain legumes in semi desert climatic conditions. Afr
Crop Sci J 23 (3): 239-247.

Jamshidi S, Zand-Parsab S, Kamgar-Haghighib AA, Shahsavarc AR, Niyogia
D. 2020. Evapotranspiration, crop coefficients and physiological
responses of citrus fruits under semi-arid climatic conditions. Agric
Water Manag 227: 105838. DOI: 10.1016/j.agwat.2019.105838.

Kebede N, Ayana M, Mekonnen B. 2025. Quantification of onion (Allium
cepa L.) evapotranspiration and crop coefficient via weighable
lysimeter under semi-arid climate of Melkasa, Ethiopia. Heliyon 11
(4): e42566. DOI: 10.1016/j.heliyon.2025.e42566.

Kullberg EG, DeJonge KC, Chavez JL. 2017. Evaluation of thermal remote
sensing indices to estimate crop evapotranspiration coefficients. Agric
Water Manag 179: 64-73. DOI: 10.1016/j.agwat.2016.07.007.

Lekgoathi BP, Kgopa PM, Soundy P. 2025. Effects of deficit irrigation
and intercropping dry beans with two African leafy vegetable crops
on growth and vyield. Agronomy 15 (2): 370. DOL:
10.3390/agronomy15020370.

Leo6n-Brito O, Ramis C, Valladares N, Méndez-Natera JR, Marin C. 2019.
Comportamiento agronémico de cultivares de caraota (Phaseolus
vulgaris L.) en la regién central de Venezuela. Agronomia Tropical
69: 59-75.
http://www.publicaciones.inia.gob.ve/index.php/agronomiatropical/ar
ticle/view/530.

Leén-Brito OC, Ramis C, Bedoya A. 2018. Estimation of genetic
similarity between local and improved cultivars of bean (Phaseolus
vulgaris L.) using microsatellite markers. Bioagro 30 (3): 191-200.

Ledn-Brito OC, Ramis C, Bedoya A. 2020. Genetic similarity among
landraces and improved cultivars of Phaseolus vulgaris L. using
microsatellite markers. Bioagro 30 3): 191-200.
https://revistas.uclave.org/index.php/bioagro/article/view/2717.

Liu J, DuJ, Wang F, Liu DL, Tang J, Lin D, Tang Y, Shi L, Yu Q. 2024.
Optimal methods for estimating shortwave and longwave radiation to
accurately calculate reference evapotranspiration of crops in high-
altitude areas of central Tibet. Agronomy 14 (10): 2401. DOI:
10.3390/agronomy14102401.

Lépez T, Cid G, Gonzélez F, Herrera J, Chaterlan Y. 2011. Modelling of
the efficiency of the use of the water in corn and bean in different
hydric availability and soil conditions. Ingenieria Agricola 1 (2): 41-
47. https://revistas.unah.edu.cu/index.php/l Agric/article/view/547.

Lozada CR. 1997. Evaluacién de 14 cultivares de caraota (Phaseolus
vulgaris L.) y estimacion de la estabilidad del rendimiento en zonas
altas del estado Lara. Bioagro 9 (1): 12-19. [Spanish]

Madriz P, Puche M, Warnock R, Trujillo A. 2013. Phenological
characterization of ten bean cultivars in relation to accumulated
degree days in Venezuela. J Fac Agron 39 (2): 60-73.
http://saber.ucv.ve/ojs/index.php/rev_agro/citationstylelanguage/get/
modern-language-submissionld=6103&publicationld=5936.

Mago M, Pire R, Garcia M. 2021. Efecto del déficit hidrico durante la fase
juvenil sobre el crecimiento y acumulacién de prolina en tres
genotipos de Phaseolus Vulgaris L. Revista Cientifica Ecociencia 8
(1): 49-64. DOI: 10.21855/ecociencia.81.449. [Spanish]

Medina A, Catalina R, Hamon C, Manosalva J, Figueroa R, Gutiérrez M,
Veldsquez R. 2019. Diversidad morfol6gica de 102 accesiones de
caraota (Phaseolus vulgaris L.) en un programa de premejoramiento
genético. Rev Fac Agron 43 (2): 45-56. [Spanish]

Ministry of Agriculture and Livestock (MAC). 2015. Agricultural
Statistical Yearbook. Ministry of Agriculture and Livestock. Sectoral
Office of Agricultural Planning. Directorate of Statistics and
Information Technology. Caracas, Venezuela.


doi:%2010.19136/hs.a22n3.5470
doi:%2010.19136/hs.a22n3.5470
http://cagricola.uclv.edu.cu/descargas/pdf/V38-Numero_4/cag134111824.pdf
http://cagricola.uclv.edu.cu/descargas/pdf/V38-Numero_4/cag134111824.pdf
http://www.fao.org/faostat/es/#data/QC
https://doi.org/10.3390/cli12120205
https://doi.org/10.3390/cli12120205
https://doi.org/10.24054/cyta.v9i2.3107
https://doi.org/10.24054/cyta.v9i2.3107
http://publicaciones.inia.gob.ve/index.php/iniadivulga/article/view/746
http://publicaciones.inia.gob.ve/index.php/iniadivulga/article/view/746
http://dx.doi.org/10.2174/0118743315273156231128051847
http://dx.doi.org/10.2174/0118743315273156231128051847
https://revistas.unah.edu.cu/index.php/rcta/article/view/481
http://dx.doi.org/10.2139/ssrn.4963511
doi:10.51736/fftj5a30
https://doi.org/10.1016/j.agwat.2019.105838
https://doi.org/10.1016/j.heliyon.2025.e42566
https://doi.org/10.3390/agronomy15020370
https://doi.org/10.3390/agronomy15020370
http://www.publicaciones.inia.gob.ve/index.php/agronomiatropical/article/view/530
http://www.publicaciones.inia.gob.ve/index.php/agronomiatropical/article/view/530
https://doi.org/10.3390/agronomy14102401
https://doi.org/10.3390/agronomy14102401
https://revistas.unah.edu.cu/index.php/IAgric/article/view/547

GIL-MARIN et al. — Evapotranspiration of black bean crop

Moreno MC, Silva GJ, Falcon CH, Brito JJ, Garcia yeligarcia Y. 2014.
Evaluacion del efecto de dos sistemas de riego en el cultivo de la
caraota (Phaseolus vulgaris L) en condiciones del Valle de Quibor,
Estado Lara. Irriga, Botucatu 19 (4): 641-654. DOI:
10.15809/irriga.2014v19n4p641. [Spanish]

Nascimento VF do, Queiroz TM de, Matos RM de, Santos BDB dos,
Dipple FL. 2024. Culture coefficient (Kc) of feijdo mungo cultivated
in the edaphoclimatic conditions of Mato Grosso. Obs Lat Am Econ
22 (7): €5624. DOI: 10.55905/0elv22n7-045.

Negash TW, Tefera AT, Bayisa GD. 2024. Maize (Zea mays L)
evapotranspiration and crop coefficient in semi-arid region of Ethipia.
Ital J Agrometeorol (2): 55-63. DOI: 10.36253/ijam-2777.

Nicol&s-Cuevas JA, Parras-Burgos D, Soler-Méndez M, Ruiz-Canales A,
Molina-Martinez JM. 2020. Removable weighing lysimeter for use in
horticultural crops. Appl Sci 10 (14): 4865. DOI: 10.3390/app10144865.

Nigussie TA, Belachew K, Assegid S. 2024. The effects of deficit
irrigation and irrigation interval on yield and above ground biomass
of haricot bean (Phaseolus vulgaris L.) at Adami Tullu, Oromia,
Ethiopia: Water Resources Engineering and Management. EthiopianJ
Eng Technol 3 (1): 90-104.

Ortiz JN, de Juan JA, Tarjuelo JM. 2010. Analysis of water application
uniformity from centre pivot irrigation and its effect on sugar beet
(Beta vulgaris L.) yield. Biosyst Eng 105 (3): 367-369. DOI:
10.1016/j.biosystemseng.2009.12.007.

Padilla-Valenzuela I, Martinez-Espinoza LG, Ortiz-Enriquez JE, Acosta-
Gallegos JA. 2023. Yield and components of pinto beans produced
under two irrigation methods. Adv Sustain Agric Clim Chang 2023:
595-603.

Palacios Chavez YL. 2023. Rhizobium y hongos formadores de
micorrizas: Alternativa biotecnolégica en cultivares de caraotas
(Phaseolus vulgaris). Revista Critica con Ciencia 1 (2): 359-372.

Pereira LS, Allen RG, Smith M, Raes D. 2015. Crop evapotranspiration
estimation with FAO56: Past and future. Agric Water Manag 147: 4-
20. DOI: 10.1016/j.agwat.2014.07.031.

Pereira LS, Paredes P, Hunsaker DJ, L6pez-Urrea R, Mohammadi-Shad Z.
2021. Standard single and basal crop coefficients for field crops.
Updates and advances to the FAO56 crop water requirements method.
Agric Water Manag 243: 106466. DOI: 10.1016/j.agwat.2020.106466.

Pérez H, De Gouveia M, Baecel6 FJ, Barcelé6 AM. 2019. Evaluation of
bean cultivars (Phaseolus vulgaris L.) in the hilly area of Guarico
state, Venezuela. Ojeando la Agenda (57): 1. [Spanish]

357

Pire R, Rodriguez R. 2007. Measured vs. estimated reference
evapotranspiration (ETo) in Tarabana (10°01” LN), Lara state,
Venezuela. Unellez J Sci Technol 25: 58-66.

Ramezani Etedali H, Gorginpaveh F, Elbeltagi A, Abdollahzadeh M,
Collins B, Salem A.2025. Estimation of actual evapotranspiration
and water requirements of strategic crops under different stresses. Sci
Rep 15 (1): 7778. DOI: 10.1038/541598-025-92481-z.

Rivera JC, Chaves CA. 2019. Restricted irrigation in five bean cultivars
(Phaseolus vulgaris L.). Technical Bulletin 17, University of Costa
Rica.

Rodriguez-Correa D, Bonet-Pérez C, Mola-Fines B, Guerrero-Posada PA.
2023. Determination of bean cultivation coefficients for the
conditions of the central provinces, Cuba. Revista Ciencias Técnicas
Agropecuarias 32 2).
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S2071-
00542023000200007&Ing=es&tIng=es. [Spanish]

Sanchez A, Marstin K, Sosa F, Rodriguez P, Hernandez J F, Alejua H,
Lorbes J. 2018. Planting distance and nitrogen dosage in bean
cultivars. Agroind Soc Environ 1 (10): 5-19.
https://revistas.uclave.org/index.php/asa/citationstylelanguage/get/van
couver?submissionld=1810.

Santella Quintero MD, Ramis Jaumes CM, Gutiérrez Mulas M. 2024.
Evaluation of varietal purity of seed lots with genetic markers:
Review of research carried out in Venezuela. Petroglifos Revista
Critica Transdisciplinar 7 (2): e070205. DOI: 10.5281/zenodo.14832784.

Seidel SJ, Barfus K, Gaiser T, Nguyen TH, Lazarovitch N. 2019.
Influence of climate variability, soil, and planting date on simulation-
based crop coefficient curves and irrigation water demand. Agric
Water Manag 221: 73-83. DOI: 10.1016/j.agwat.2019.02.007.

Sevostianova E, VanLeeuwen D, Serena M, Sallenave R, Leinauer B.
2025. Yield and recovery of lawns irrigated with variable crop
coefficients. Crop Sci 65 (1): €21433. DOI: 10.1002/csc2.21433.

Sharma V, Rai A. 2022. Dry bean (Phaseolus vulgaris L.) crop water
production functions and yield response factors in an arid to semi-arid
climate. J ASABE 65 (1): 51-65. DOI: 10.13031/ja.14582.

Valderrama Y, Nustez CE, Duarte A. 1997. Evaluation of 26 genotypes of
caraota bean (Phaseolus vulgaris L.) in the Vega del Rio Arauca
Area. Agronomia Colombiana 14 (2): 127-137.

Yavuz N. 2021. The response of dry bean to water stress at various growth
cycles in a semi-arid region. Selcuk J Agric Food Sci 35 (2): 91-100.
DOI: 10.15316/sjafs.2021.234.


https://doi.org/10.15809/irriga.2014v19n4p641
https://doi.org/10.15809/irriga.2014v19n4p641
https://doi.org/10.1038/s41598-025-92481-z
https://doi.org/10.1002/csc2.21433

