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Ginger (Zingiber officinale var. rubrum) is a rhizome plant that can benefit health, fitness and be used as a spice. The content
contained in ginger can prevent and treat various diseases and act as an antioxidant and anti-inflammatory agent. The cultivation
of ginger plants requires adequate nutrients and water for development and growth. Crop water requirements are influenced by
crop coefficients which vary according to the plant growth stage. The crop coefficient values are needed for irrigation management
and increasing irrigation efficiency. The main objective of the current study was to investigate the crop coefficient value of ginger
by lysimeter. Lysimeter is a water balance device with the principle of mass conservation, where the input is rainfall and irrigation
while the output is percolation and evapotranspiration. The rainfall during the investigated period was 0-62.82 mm-day', humidity
70.7-89.4%, and air temperature 23.7-32.9 °C. The crop coefficient of ginger increased during the vegetative growth period, i.e.,
0.997 in the seedling stage, 1.072 in the tiller stage, and 1.138 in the advanced vegetative stage. The crop coefficient of red ginger
was determined using a lysimeter quite accurately, with a coefficient of determination value (R?) 0.950 and a significant value

of F less than 0.05.
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Ginger (Zingiber officinale var. rubrum) is one of the rhizome
plants with potential to be developed. The ginger rhizome
can benefit health and can be a mixture of spices in
cooking (Friska and Daryono, 2017; Hutabarat et al., 2020;
Jabborova etal.,, 2021). As a spice, the nutritional content of
ginger can complement nutrients in food and help smooth
digestion (Al-Awwadi, 2017). Ginger contains zingiberin,
camphor, lemonin, borneol, shogaol, zingiberol, and
gingerol, preventing and treating various diseases, and
antioxidants and anti-inflammatory agents (Goulart, 1995;
Grzanna et al.,, 2005; Reader’s Digest, 2004; Sudewo, 2006;
Santoso, 2008).

Ginger plants can be cultivated in the tropics at an
altitude of 0-1500 m above sea level (Dhanik et al., 2017),
with an optimum altitude of 300-900 m above sea level, and
can grow easily in areas with rainfall between 2500 mm-year’
and 4000 mm-year' with 7-9 wet months and a soil pH of
6.8-7.4 (Rostiana et al., 2016). The optimum temperature for
ginger cultivation is 20-25 °C with a humidity of 60-90%
(Rukmana, 2000). To increase the productivity of ginger
plants, cultivation and water practices and nutrients must be
at an adequate level. Water is one of the factors influencing
plant growth and development (Alvarenga et al., 2004;
Meneghelli et al., 2020). According to Shao et al. (2008),
water deficit is the main factor that inhibits plant growth in
addition to other environmental factors. The water deficit
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inhibits metabolic processes in plants, causing plants to
become stunted and their development to be disrupted.

Every plant needs water in different amounts,
depending on plant type, plant growth stage, and
planting schedule (Tahashildar et al., 2015). According to
Sofiyuddin et al. (2010), plant water needs depend on crop
coefficient (Kc), which fluctuates according to the stage of
plant growth. Regional-based determination of Kc values
is needed for crop irrigation management, providing
appropriate irrigation applications and increasing
irrigation efficiency (Abedinpour, 2015; Babaee et al., 2019;
Piccinni et al., 2009).

According to Doorenbos and Pruitt (1977), crop water
requirementsaretheamounts (unit:depth) neededtoreplace
water lost from evapotranspiration. Evapotranspiration is
a simultaneous movement of water into the atmosphere
through transpiration and evaporation (Allen et al., 1998;
Mavi and Tupper, 2004). Evapotranspiration is an essential
factor for calculating crop water requirements. It can be
determined accurately using lysimeters (Allen et al., 1998;
Bryla et al., 2010; Gao et al., 2009). However, the research on
water requirements and crop coefficients for ginger plants
is still very limited. The main objective of the current study
was to calculate ginger’s water requirement (ETc) and crop
coefficient value (Kc) in the vegetative growth stage using
lysimeters.



The experiment took place in a research farm at Hasanuddin
University, Makassar, Indonesia, with the coordinates
of 5° 7' 39.9” S latitude, 119° 28’ 51.5” B longitude. The
temperature at the research site during July-October was
23.7-32.9 °C. Soil texture in this experiment was clay.

This study wuses lysimeters to determine the
evapotranspiration of ginger plants. A lysimeter is
a container filled with soil that can collect seepage water
so that the water at input and output can be measured
(Fig. 1). The input water is rainfall and irrigation, while
the output water is percolation and evapotranspiration.
In this study, three lysimeters were used with a diameter
of 1 m and an effective depth of 1 m, with an automatic
irrigation system and soil moisture sensor. Two lysimeters
were used to determine ginger’s crop evapotranspiration
(ETc). Ginger seeds that have been sown for about 1 month
were planted in a lysimeter with a distance of 30x30 cm.
The ginger seeds used are red ginger (Zingiber officinale
var. rubrum). One lysimeter was used to measure reference

Table 1 Some topsoil properties (Chemistry and Soil
Fertility Laboratory, Hasanuddin University,
Makassar, 2021)
No. Soil properties Value
soil texture clay
clay (%) 58
! silt (%) 30
sand (%) 12
2 bulk density (g-cm™) 1.2
3 particle density (g-cm?) 26
4 soil porosity (%) 53.8

evapotranspiration (ETo), planted with grass. The planting
medium was a mixture of clay and compost with a 2 : 1 ratio.
The properties of the topsoil are listed in Table 1.

Evapotranspiration was determined from the water
balances equation based on the principle of mass
conservation (Garcia-Tejero et al., 2018):

ETc=1+CH-P+ES )
ET - evapotranspiration (mm-day™); I - irrigation

(mm); CH - rainfall (mm); P — depth of percolation
water; ES — changes in soil water content (%)

where:

The crop coefficient value (Kc) was determined based on
the equation by Allen et al. (1998):

ETc=ETo X Kc (2)

where: ETo - reference evapotranspiration (mm-day");

Kc - crop coefficient

The measurement of rainfall, irrigation, depth of
percolation water, and changes in water content was done
every day.

The value of Kc was also calculated using the equation of
Allen et al. (1998):

03
Kc = K¢ 1,y +[0.04(U, —2)— 0.004(RH, —45)][2) 3)

where:  Kc, - crop coefficient based on a table; U, -
value for daily wind speed (m-s™'); RH - value for
daily minimum relative air humidity (%); h - plant

height (cm)

Two values of Kc will be obtained. The first Kc value
is determined using a lysimeter (Fig. 1), which is called Kc
lysimeter, and the second Kc value is calculated using Eq. (3),
which is called Kc calculation.

1 - lysimeter, 2 - irrigation nozzle, 3 - soil moisture sensors and pump
control panel, 4 - pump, 5 - reservoir, 6 - plant, 7 - soil surface

Fig. 1 The lysimeter system used
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The analysis of regression and significant variance
F were carried out to determine the relationship
between Kc calculation results and Kc lysimeter. The
coefficient of determination (R?) is the percentage value
of the independent variable that can be explained by the
dependent variable, or a value that describes the accuracy
of the model. The value of the coefficient of determination is
between 0 and 1. The value of R? close to 1 means an almost
perfect relationship between the model and the data
(Saunders et al.,, 2012; Zhang, 2017). The value of F testing
is carried out to determine the effect of all independent
variables simultaneously on the dependent variables. The
calculation of F is compared with the significance level of
5% (Thorfiani and Sakti, 2019).

Results and discussion

Climatic parameters

Daily data, relative humidity, wind speed, solar radiation,
and rainfall show fluctuating results (Fig. 2). The average
RH from July to October 2021 fluctuated between 70.7%
and 89.4%. In July, humidity was high and decreased until
the end of the study. Fluctuation in solar radiation was
6.74-25.27 MJ-m>day’. Clouds greatly affect the solar
radiation that reaches the earth’s surface (Qian et al., 2007).

During July-October, wind speed at the research
location fluctuated between 0.98 m-s' and 3.98 m-s™.
According to Choi (1994), rain intensity influences wind
speed. Each weather parameter affects the value of
evapotranspiration with a different contribution. Daily
evapotranspiration results obtained variations between
0.002 mm and 6.523 mm. Solar radiation has an important
role in supplying energy for the evapotranspiration process
(Allen et al., 1998).

Water requirement and crop coefficients
The growing period of the ginger plant is divided into the
stages of seedling, growth and development, rhizome
development, and harvest. Li et al. (2010) divided the growth
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and development stage into the branching/tiller stages
(90-110 DAP: day after planting) and an active vegetative
stage (110-130 DAP), while the rhizome development stage
was 130-160 DAP (Hapsoh et al., 2008). Ginger plants can be
harvested early, in the active vegetative growth stage, when
the plants are 4-5 months old. Although rhizome has not
yet been developed, they can be used to be processed as
cooking spices, sweets, and others, because rhizome texture
is still soft and the fibre content and spiciness are still low
(Jaidka et al., 2018; Sanewski, 2002).

Ginger's average water requirement in the vegetative
stage, which begins with the seedling stage, is still quite
low at 0.385 mm-day™. In this stage, the leaf of the ginger
plant is narrow, so the largest evapotranspiration comes
from soil evaporation. Clay contains an electric charge
that can bind water, causing evaporation on the wet soil
surface, due to irrigation or rain. According to Asdak (1995),
evapotranspiration is influenced by plant physiology and
soil elements.

During active vegetative development, water
requirements increased at the tiller stage by 0.670 mm-day'
and 1.265 mm-day”' (Fig. 3). The crop development stage is
an advanced vegetative stage (90-130 DAP); the increase
in water requirement is influenced by soil evaporation
and plant transpiration. Water absorption by plant roots
increases with plant growth and the number of tillers. The
actual crop water requirement depends on climatic factors,
crop type, and crop growth stage.

Crop coefficient (Kc) is an empirical relationship between
evapotranspiration (ETc) and reference evapotranspiration
(ETo) under ideal conditions (Allen et al., 1998). The Kc values
estimate crop water use and schedule irrigation (Alcaras et
al., 2016). Doorenbos and Pruitt (1977) recommended the
crop coefficient value at various stages of growth, i.e., early,
plant development, mid-season, and ripeness at different
conditions of humidity and wind speed.

The results (Table 2) showed that red ginger’s crop
coefficient (Kc) in the seedling stage was 0.997 and
increased in the tillering stage to 1.072, and 1.138 in the
active vegetative development stage. These values are
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Fig.2 Daily evapotranspiration, solar radiation, rainfall, wind speed and humidity fluctuations
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Fig.3 Water requirement and crop coefficient of ginger

almost similar to the Kc value used
by Meneghelli et al. (2020) in their
research using the Kc value of 1.15
for the growth and development
stage. The increase in the Kc value
in this stage is influenced by plant
transpiration. Atthe beginning of plant
growth, reference evapotranspiration
is higher than the water requirement
of ginger plants. This is caused by
the fact that the surface area of
transpiration on the plants is still
small. Water absorption by plant roots
increases with the development of
plant growth.

Chauhan (2015) in Chitra et al.
(2017) suggested a crop factor value
of 0.7-0.8 for the advanced vegetative
stage of turmeric, a rhizome plant.
Crop coefficient values are plant-
specific, plant variety-specific, and
site-specific. According to Doorenbos
and Pruitt (1977), the factors that affect
the crop coefficient value (Kc) are plant
characteristics, planting schedule,
plant development rate, the length of
the growing season, soil evaporation,
and climate. As a result, FAO-56
strongly advises users to get regional
Kc values for specific plant kinds in

Crop evapotranspiration and crop coefficient of ginger during July—

October in a research farm at farm at Hasanuddin University, Makassar,

Table 2
Indonesia
Date Rainfall +
irrigation (mm)
07 July 2021 0.522
15 July 2021 0.424
23 July 2021 0.489
31 July 2021 0.044
08 August 2021 0.068
15 August 2021 0.425
23 August 2021 0.672
31 August 2021 0.426
07 September 2021 0.490
15 September 2021 0.763
23 September 2021 0.704
30 September 2021 0.564
07 October 2021 0.850
15 October 2021 1.140
24 October 2021 0.981
31 October 2021 1.364

Percolation ETC,yerage Kc

(mm) (mm)

0.020 0.423 0.857
0.055 0.332 0.912
0.024 0.469 1.011
0.031 0.015 1.014
0.041 0.028 1.034
0.038 0.389 1.016
0.039 0.653 1.041
0.052 0.387 1.031
0.050 0.448 1.040
0.067 0.702 1.033
0.061 0.696 1.077
0.056 0.511 1.064
0.078 0.801 1.075
0.051 1.240 1.135
0.056 1.040 1.123
0.048 1.515 1.157

Sitti Nur Faridah et al.

accordance with local soil and climatic
circumstances (Hong et al., 2017).

The evaluation of crop
coefficient values

Crop coefficient was calculated based
on climatic parameters obtained from
the nearest weather station. The Kc
value obtained at the seedling stage
was 0.452, at the tiller stage 0.603, and
at the active vegetative development
stage of ginger 0.955. These values
were lower than the results determined
using a lysimeter, namely: 0.997, 1.072,
and 1.138, respectively (Fig. 4).

This discrepancy in value could
be due to the Kc equation failing to
account for many microclimate factors
that affect the evaporation rate. By
weighing lysimeters the change of
the mass of the soil column can be
measured, which equals the change
of soil moisture content; therefore, the
amount of water consumed through
evaporation and transpiration can
be determined. The results gained
by means of weighing lysimeters are
pretty accurate for calculating crop
evapotranspiration (Alataway et al.,
2019; Babaee et al., 2019; Bryla et al.,
2010; Gao et al., 2009; Liu et al., 2017).
According to Akanda et al. (2017), the
values gained by lysimeter study are
more dependable than the values
obtained by calibration from the FAO
recommended values.

To find out whether there is
a one-to-one relationship between
Kc calculation and Kc lysimeter,
a regression test was carried out.
The coefficient of determination
is an indicator that describes how
much variation is explained in the
model (Chicco et al., 2021; Saunders
et al, 2012; Sinambela et al, 2014;
Sugiyono, 2011; Zhang, 2017). The
coefficient of determination of Kc
value (R?) is 0.950, meaning that 95.0%
of the independent variables can be
explained by the dependent variable
(Fig. 5).The value of R? close to 1 implies
an almost perfect relationship between
Kc calculation and Kc lysimeter.

The value of correlation coefficient
was calculated to find out the
relationship between variables. The
value of correlation coefficient Kc is
(R) 0.975, which indicates the level
of linearization of Kc calculation and
Kc lysimeter. The value of correlation
coefficient Kc is positive, which means
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Table 3 Statistical analysis of Kc values
R? R SE Significance F
0.950 0.975 0.046 1.70058 107"°

the increase in the value of Kc calculation is positively
followed by an increase in the value of Kc lysimeter.

F-test is a test of regression coefficient that can
assess multiple coefficients simultaneously. This test was
conducted to determine the effect of all the independent
variables contained in the model together (simultaneously)
on the dependent variable (Thorfiani and Sakti, 2019). The
significant value of F in the analysis of variance is less than
0.05 (Table 3), which means that the coefficient value in the
regression equation is significant or not equal to 0, and the
equation can describe the relationship or influence of the
independent variable on the dependent variable.

Conclusion

The water requirement and crop coefficients of ginger
increased during the vegetative growth period, i.e., each;
seedling stage 0.385 and 0.997 mm-day”; tiller stage
0.670 and 1.072 mm-day’; and advanced vegetative stage
1.265 and 1.138 mm-day’. The lysimeter is quite accurate
for determining the crop coefficient value of red ginger in

the city of Makassar, Eastern Indonesia, with a coefficient
of determination (R 0.950 and a significant value of F less
than 0.05
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