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The water footprint (WF) of a product or service is defined as the total amount of water used throughout the
entire production process. Particularly in agricultural products, the largest amount of water is used for irrigation; therefore,
quantifying it is crucial for raising public awareness about water use and protecting water resources. Soybeans are an
important crop as a source of high-quality protein and oil. Furthermore, due to their biological nitrogen fixation capacity
(BNF), they are a significant crop for reducing the application of nitrogen (N) fertilizers while maintaining high yields. To
estimate the water footprint (WF) of the crop, an experiment was conducted in the Central Area of INCA (National
Institute of Agricultural Science). Were planted 1.8 ha with the CIGB-CC6 cultivar at planting density of 240 000 plants
per ha. The CropWat 8.0 program was used to calculate irrigation and effective rainfall requirements. The green, blue, and
gray components of the WF were estimated under these irrigation and cultivation conditions. Among the main results, it
was noted that the yield obtained, 1380 kg ha⁻¹, is considered relatively low, and there was a greater dependence on
irrigation than on rainfall. The estimated water footprint for the soybean crop was 3.581 m³ kg⁻¹.

Irrigation, yield, evapotranspiration, effective rain.

La huella hídrica (HH) de un producto o servicio se define como, la cantidad de agua total empleada a través
de todo el proceso productivo. Particularmente, en los productos del agro, la mayor cantidad de agua corresponde a la
empleada mediante el riego, es por ello que su cuantificación tiene gran importancia como vía para lograr mayor
conciencia social de su uso y protección de los recursos hídricos. La soya, es un cultivo importante como fuente de
proteína y aceite de alta calidad. Además, por su capacidad biológica de fijación de nitrógeno (BFN), es un cultivo
significativo para reducir la aplicación de fertilizantes de Nitrógeno (N) y mantener un alto rendimiento. Con el objetivo
de estimar la HH del cultivo, se realizó un experimento en el Área Central del INCA y para ello se sembró un área de
1,8 ha con el cultivar CIGB-CC6 con una densidad de siembra de 240 000 plantas por ha. Para el cálculo de los
requerimientos de riego y de lluvia efectiva se utilizó el programa CropWat 8.0. Se estimaron los componentes verde, azul
y gris de la HH bajo estas condiciones de riego y cultivo. Entre los principales resultados se señala, que el rendimiento que
se obtuvo, 1380 Kg ha-1 se considera relativamente bajo y existió una mayor dependencia del aporte por riego que por
lluvia. La estimación de la huella hídrica para el cultivo de la soya fue de un total de 3,581 m3 kg-1.

Riego, rendimiento, evapotranspiración, lluvia efectiva.
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INTRODUCTION
Currently, the planet is facing a severe environmental crisis,

and within this, water occupies a special place. This resource
is fundamental for the existence of life on Earth, and although
it is often thought to be abundant, the reality is that only a
small fraction of all water can be used for human consumption
and use. Therefore, the idea that it is plentiful is considered
completely mistaken (1).

Undoubtedly, water constitutes a valuable, highly
demanded, and unfortunately scarce resource, which
must be consciously protected. However, it is generally
overexploited and used indiscriminately, turning its scarcity
into a global problem (2, 3).

Agriculture is the human activity that consumes the most
freshwater worldwide. It is expected that competition for water
resources will continue to increase, as well as consumptive
use in the agricultural sector to meet the growing food needs
of the population (4).

With the aim of raising social awareness and analyzing
the relationship between human consumption habits and their
impact on natural resources (5), the concept of water footprint
(WF) is defined as a method for evaluating the efficient use of
water sources to develop better water management practices
in agriculture, assessing the efficient use of this resource in
agricultural production (6). This method has been applied to
different crops worldwide; however, in our country, there are
few results related to this topic.

Soybean, in turn, is a crop in high demand in Cuba due
to its nutritional value, protein content, and high-quality oil
(7). Moreover, due to its biological nitrogen fixation (BNF)
capacity, it is a significant crop for reducing the application
of nitrogen (N) fertilizers and maintaining high yields in crop
rotation systems (8).

Despite the productive potential of soybean, it should be
noted that water stress considerably reduces yield, restricts
pod growth, and decreases the number and size of seeds (9).
In addition, it shortens grain filling (10) and negatively affects
seed quality (9). Furthermore, (11) report that it negatively
influences both yield and the chemical components of leaves
and seeds.

Therefore, establishing an inadequate irrigation strategy for
soybean cultivation can considerably reduce yield and lead to
poor use of water resources. It can also reduce grain quality
by negatively affecting its chemical composition (12).

Based on the above, the objective of this study was to
estimate the water footprint of soybean cultivation under field
conditions at an agricultural experimental farm.

Therefore, establishing an inadequate irrigation strategy
for soybean cultivation can significantly reduce yield and
lead to poor use of water resources. In addition, it can
reduce grain quality by negatively affecting their chemical
composition (12).

MATERIALS AND METHODS
The experiment was conducted on a 110-hectare

agricultural experimental farm, located at 22º58′00″N and
82°09′00″W at 130 meters above sea level, belonging to the
Agricultural Services Department of the National Institute of
Agricultural Sciences, situated within San José de las Lajas
municipality, Mayabeque province.

To carry out the study, 1.8 ha of soybean were sown
in January 2024 on a soil classified as Compacted Red
Ferrallitic (13). The cultivar used was CIGB-CC6 with a
planting density of 240 000 plants per hectare, and a
basal fertilization of 350 kg ha-1 of the complete formula
12-12-17-5 was applied.

The climate in the area showed average decadal rainfall of
16 mm and a mean annual precipitation of 1.623 mm. The
reference evapotranspiration (ETo) was about 1.875 mm per
year. Table 1 shows the climatic data recorded during the trial
period. The crop cycle lasted 85 days, and the accumulated
reference evapotranspiration (ETo) over the crop period was
455 mm.

The estimation of the crop water footprint was carried out
using the following procedure: For the calculation of the blue
and green footprints, the CROPWAT 8.0 model (14) was
employed. This software estimates crop water requirements
using climatic, soil, and phenological information, and is
based on the methodologies described in FAO Irrigation and
Drainage Papers No. 24, 33, and 56.

Irrigation consisted of replenishing the standard
crop evapotranspiration at six-day intervals. Reference
evapotranspiration (ETo, mm), standard crop
evapotranspiration (ETc, mm), and irrigation requirements
(ETc = ETo × Kc) were obtained through the program, which
was updated with a 33-year historical series of meteorological
data (1990-2023) from the Tapaste Meteorological Station.
This station belongs to the National Institute of Meteorology
and is located approximately 1200 m from the experimental
site. For the calculation of ETo and ETc, monthly average
values were used.

The crop coefficients (Kc) applied were: initial Kc = 0.62,
mid Kc = 1.00, and final Kc = 0.93, as proposed by FAO for
the region. The irrigation system used was sprinkler irrigation,
applied through a properly calibrated central pivot machine.

 
Table 1. Climatic data recorded in the experimental area during the trial period

Months Minimun T Maximun T R. M. Wind Sunshine RAD ETo
ºC ºC % Km day-1 hours Mj m-2 day-¹ mm day-¹

January 16. 6 26. 5 74 379 11.0 19.3 4.00
February 16. 8 27.4 72 386 11.0 21.6 4.65
March 17. 9 28.9 67 386 12.0 25.6 5.75
April 19. 7 30.7 66 358 13.0 28.9 6.63
May 21. 7 31.4 71 304 13.0 29.5 6.55

Planting date: January 26, 2024. Final evaluation/harvest date: May 5, 2024
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In CROPWAT 8.0, the Crop Water Requirements (CWR)
option was selected, and four of the five modules that
compose the model were defined, as follows:

1. Climate/ETo: requires input parameters such as relative
humidity (%), minimum temperature (°C), maximum
temperature (°C), wind speed (km day⁻¹), and
sunshine hours (h). This module provides radiation
data (MJ m⁻² day⁻¹) and reference evapotranspiration
(mm day⁻¹). Data can be entered daily, every 10 days,
or monthly, and are completed with information provided
by the meteorological station.

2. Precipitation: requires precipitation (mm) as input and
provides effective precipitation (mm). Data can be entered
daily, every 10 days, or monthly. As with the previous
module, it is completed with information provided by the
meteorological station.

3. Crop: requires parameters such as crop coefficient
(Kc, dimensionless), crop stages (days), rooting depth
(m), critical depletion fraction, yield response factor, and
crop height. This module was complemented with FAO
information for soybean.

4. Soil: requires input parameters such as total available
soil moisture (mm m⁻¹), maximum precipitation infiltration
rate (mm day⁻¹), maximum rooting depth (cm), initial soil
moisture depletion (%), and initial available soil moisture
(mm m⁻¹).

5. CWR (output module): provides ETc and effective
precipitation (Pef).

The determination of the crop water footprint (WF) was
carried out according to the methodology proposed by (5),
through the sum of three components:

WF=WF green + WF blue + WF grey, it is commonly
expressed in m³ t⁻¹ or L kg⁻¹ (4).

In some studies, it also appears expressed in m³ kg⁻¹ (2).
The green component of the water footprint is calculated

using the following expression:

Where ETgreen represents the contribution of rainfall to the
crop evapotranspiration process throughout its growth cycle.

The blue component is calculated according to the
following expression:

Where ETblue represents the contribution of irrigation water
to crop evapotranspiration throughout the entire growth cycle.

The grey component of the crop water footprint is
calculated according to the following expression:

 WFgreen m3 t−1 = Etgreen m3 ℎa−1production  t ℎa−1
 

 WFblue  m3 t−1 = Etblue m3 ℎa−1production  t ℎa−1
 

Where N excess (kg ha-¹) represents the amount
of nitrogen that escapes from the crop rhizosphere. A
value of 0.10 was assumed, in accordance with different
regulations and directives that converge on this figure for
nitrogen (e.g., EU Nitrates Directive, 91/676/EEC; Resolução
CONAMA No. 357, March 17, 2005). C max represents the
maximum permissible nitrogen concentration in the receiving
water body, with a value of 50 mg NO₃ L-¹, according to
the Norma Obligatoria Salvadoreña de Aguas Residuales
Descargadas a un Cuerpo Receptor (Mandatory Salvadoran
regulation on wastewater poured into e receiving body),
CONACYT NSO:13.49.01:09, 2009 (15).

C nat is the natural nitrogen concentration in the receiving
water body prior to the contaminating activity, generally
considered negligible in many studies (= 0).

RESULTS AND DISCUSSION
Once the indicators for yield determination were analyzed,

the final result obtained for this variable was 1380 kg ha⁻¹,
which can be considered relatively low when compared with
the global average of 2742 kg ha⁻¹ (16). However, in relation
to the values reported by other countries (Table 2) (17), the
results are close to those obtained in China, higher than those
of India, and considerably lower than those of the United
States and Brazil.

 
Table 2. Comparative soybean yield data with statistics from
other countries

Country Yield in t ha-1

Cuba (INCA) 1.38
China 2.0
United States 3.4
India 0.9
Brazil 3.4

 
On the other hand, some authors reported yields ranging

from 2600 to 4038 kg ha⁻¹ when working with different
cultivars (18). In turn, (19) obtained yields of 1850 kg ha⁻¹
with the cultivar INCA Soy 24 in Brazil and indicated that
in Cuba yields range between 1500 and 2000 kg ha-¹.
Furthermore, other Cuban researchers have reported new
soybean cultivars such as INCA Soy-2, with potential yields of
3.7 t ha⁻¹ (20), the cultivar CUVI-02 with productive potentials
between 2.9 and 3.7 t ha-¹ (7), and (21), working with four
cultivars (DT-20, DT-26, DVN-5, and DVN-6), reported yields
between 2.7 and 3.5 t ha-¹ in May sowings, results that may
have been influenced by the planting season.

The success of soybean production in tropical regions
is largely due to the development of highly productive
varieties adapted to specific conditions (22), among them
high temperatures (23). Other factors to be considered
include planting density (19), fertilization, and irrigation (4).

HH gray  m3 t−1 = NexcessCmax −  Cnat m3 ℎa−1production  t ℎa−1
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Additional indicators evaluated, such as monthly and
cumulative values of green ET and blue ET during the 85 days
of the crop cycle, are presented in Tables 3 and 4. These are
considered of great importance, as they directly influence the
yield of the crop under study.

 
Table 3. Monthly values of green ET and blue ET

MONTH ET green (mm) ET blue (mm)
January-February (33 days) 56.5 117.6
March (31 days) 50.2 98.0

April (21 days) 85.1 78.4

 
In this case, the results show that during the first 60 days

the contribution of irrigation to crop evapotranspiration was
greater than that provided by rainfall, whereas towards the
end of the cycle rainfall became the dominant source. Overall,
green ET accounted for 65 % of blue ET (1022 m³ ha⁻¹),
indicating a greater dependence on irrigation than on rainfall.

Similarly, the cumulative values exhibited a response
comparable to those obtained on a monthly basis (Table 4).
Rainfall occurrence during the experimental period was lower
than the irrigation applied; therefore, the study demonstrates
that the performance of this crop up to its yield was influenced
primarily by irrigation, although yields are considered low
compared to the national average.

 
Table 4. Cumulative values of green ET and blue ET during the
85 days of the crop cycle

Crop ET green ET blue
Soybean 1918 m3

ha-1 (Effective rainfall)
2940 m3 ha-1

(15 irrigation of 19.6 mm)

 
The water footprint in agriculture identifies the

environmental impact of crop production. Hence, the
importance of this environmental indicator lies in assessing
the freshwater consumption by crops. In this study, the
monthly values of the green, blue, and grey water footprints of
soybean are presented in Table 5.

 
Table 5. Monthly green, blue, grey, and total water footprints of
soybean cultivation

Month WF Green
(m3 Kg-1)

WF blue
(m3 Kg-1)

WF grays
(m3 Kg-1)

WF total
(m3 Kg-1)

January-
February
33 days

0.40 0.85 0.06 1.3

March
31 days

0.34 0.70 0.06 1.1

April
21 days

0.60 0.54 0.06 1.2

 
The highest values of blue and total water footprints

corresponded to the first 33 days after sowing,
whereas the highest value of the green water footprint
occurred at the end of the crop cycle (last 21 days).

These results indicate that irrigation contributed more to
crop evapotranspiration than rainfall during the period,
although rainfall was more frequent in the final growth stage.
Therefore, a possible solution to reduce water use in soybean
production could be through increasing irrigation efficiency,
so that losses do not exceed the crop’s water requirements.
Moreover, it is not necessary to use water for pollutant dilution
(grey water footprint), since this component remained at low
values throughout the irrigation applied during the crop cycle.

The cumulative values of green, blue, grey, and total water
footprints throughout the entire crop cycle are presented
in Table 6, showing that the highest cumulative value
corresponded to the blue water footprint, determined by
the irrigation contribution. This result is consistent with the
monthly values obtained.

 
Table 6. Cumulative green, blue, grey, and total water footprints
of soybean cultivation

Soybean
cultivation

Yield
WF green WF blue WF gray total WF

1380 Kg ha-1 1.39 m3

Kg-1

2.13 m3

Kg-1

0.061 m3

Kg-1

3.581 m3

Kg-1

 
The calculation of the grey water footprint was as follows:
WF gray= 42 Kg ha-1 * 0.10= 4.2 Kg ha-1/ 50 mg L-1=

4.2/0.00005=84.000 L ha-1 84.000 L ha-1 / 1.380 Kg ha-1= 61 L
Kg-1= 0.061 m3 Kg-1.

To assess the behavior of the soybean water footprint
obtained in this study, the results were compared with
international data (Table 7).

 
Table 7. Comparison with other international soybean results

WF Green
m3 Kg-1

WF blue
m3 Kg-1

WF gray
m3 Kg-1

Total WF
m3 Kg-1 References

1.39 2.13 0.061 3.581 Cuba (INCA)

1.547 0.282 0.162 1.993 (24) in Brazil
0.783 2.525 3.309 (25) in Mexico

2.471 (26) in Thailand

 
The study confirmed that the total water footprint values

are similar to those reported in Mexico and higher than
those obtained in Brazil and Thailand. Table 8 presents a
comparison with water footprint results of other economically
important international crops. In this case, the soybean water
footprint was much higher than that of maize (Zea mays),
which shows a very small value, and also higher than that
of cotton (Gossypium herbaceum), both results reported in
Brazil (24).

On the other hand, soybean showed higher values than
peanut (Arachis hypogaea) and mungbean (Vigna radiata),
and lower values than sunflower (Helianthus annuus) and
sesame (Sesamum indicum). The latter presented a ruinous
total water footprint in Thailand (26).
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CONCLUSIONS
• The estimation of the water footprint for soybean

cultivation was a total of 3581 m³ kg-¹, distributed as
1.39 m³ kg-¹ from rainfall, 2.13 m³ kg-¹ from irrigation, and
0.049 m³ kg-¹ to dilute the fraction of fertilizer not absorbed
by the plant.

• The blue water footprint accounted for 59.4 %,
indicating that the major contribution to the crop’s water
requirements was due to irrigation, which in this case came
from groundwater sources.

• The estimated soybean water footprint is very close to the
value reported by authors in Mexico (3.309 m³ kg⁻¹) and
higher than the values published in Brazil (1.993 m³ kg⁻¹)
and Thailand (2.471 m³ kg⁻¹).

• When comparing the soybean water footprint with other
internationally important crops, it was found to be higher
than that of maize, peanut, cotton, and mungbean, and
lower than that of sunflower and sesame.
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