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Abstract: It is essential to evaluate the efficiency of water supply on varieties of crop, such as Coix lacryma-jobi L. (hanjeli), 
particularly in water management.  Coix lacryma-jobi L. (hanjeli) is one of the crops that were not listed for crop coefficient (Kc) 
values to estimate the crop water use by CROPWAT ver 8.0.  However, this study using the Kc values of sugar cane as approach 
to reveal actual evapo-transpiration (ET).  Hanjeli comprises two varieties, namely stenocarpa and ma-yuen, which were used in 
this study to observe the water requirement for irrigation when cultivating agricultural products in a loamy soil using 
CROPWAT.  The ETa (mm day-1) generated by CROPWAT was used to calculate the sprinkler operation time (T, hour day-1) 
and added 0.5 hour day-1 to anticipate the less water when using Kc for sugarcane (T+0.5, hour day-1) .  The results showed that 
the trend of T+0.5 rapidly increased from the initial to mid-stage before slowing down from the mid to the late-stage.  These 
indicated that the fluctuated water requirement in both varieties was in accordance with the growth stages.  Furthermore, the 
water use efficiency revealed that the yield and economic usage of hanjeli increased when irrigation was applied in accordance 
with T+0.5 for sprinkler operation time, which is 1.27 and 0.11 times in dry and rainy seasons for ma-yuen.  This study 
suggested that the CROPWAT estimation efficiently supplies water supply for the evapotranspiration of hanjeli varieties.  
Keywords: adlay, climate, depletion, soil properties, tropic 

Citation: Wicaksono, F. Y., K. Muhamad, and T. Nurmala. 2021. Water use efficiency of Coix lacryma-jobi L. varieties in 
response to water supply according to CROPWAT analysis. Agricultural Engineering International: CIGR Journal, 23(3): 75-83. 

 

 1 Introduction  

According to Oldeman (1977), the dryland agriculture 
area in Sumedang district is classified into two climate 
zones, namely C3 and D2. Furthermore, it has the 
potential of becoming the canter of activities in Indonesia 
due to its large availability (Siregar and Suryadi, 2006). 
However, this area still needs to be irrigated due to 
weather factors such as rainfall intensity, soil characters, 
and ENSO effect (Gelcer et al., 2018). Drylands need a 
sufficient supply of water during the dry season for 
agricultural practice steadiness and in order to increase  
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the cropping index (Siregar and Suryadi, 2006; Fu et al., 
2019). According to Utami et al. (2019), dryland usually 
relies on rainfall water. Therefore, farmers usually wait 
for this season before carrying out the cultivation process 
to ensure the soil has enough nutrients (Utami et al., 
2019).  

El Niño Southern Oscillation, also known as ENSO, 
is an irregular variation in temperatures and wind flow 
that occurs in tropical regions (Susilo et al., 2013). 
According to Nur’utami and Hidayat (2016) and Supari et 
al. (2018), ENSO affects the time and amount of rainfall 
in Indonesia. Therefore, based on this condition, the 
water management needs to be accurate and according to 
the crop requirement, which is calculated using the 
evapotranspiration (ET) method (Jensen and Wright, 
1978). Smith (1992) stated that the Food and Agriculture 
Organization (FAO) has released software capable of 
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calculating ET and estimate water necessity based on 
climate, crop types, and soil characteristics, namely as 
CROPWAT 8.0. 

The Department of Crop Science, Universitas 
Padjadjaran (UNPAD), through the Hanjeli Team carried 
out an evaluation study to analyse the possibility of 
cultivating hanjeli (Coix lacryma-jobi L.) in West Java. 
The results showed that this crop is suitable for optional 
development in Sumedang district (Ruminta et al., 2017), 
which is classified into two climate zone (C3 and D2) and 
the fourth largest dryland agriculture area (61,500 ha) in 
West Java, Indonesia (Sukarman and Ritung, 2012; 
Rachmat, 2012). Hanjeli, also known as “adlay” and 
“job’s tears," is one of the cereal crops that provide 
tremendous health benefits for human health and 
consumed as an additional staple food (Chung et al., 
2011).  

The two types of this crop are called as stenocarpa 
(hard shelled) and ma-yuen (soft shelled) (Kang et al., 
2020). These crops have different agro-morpho-
physiology that requires varying cultivation practice, 
particularly in irrigation. Generally, the one cycle growth 
of ma-yuen is shorter than stenocarpa, beside ma-yuen 
have soft shell (Rao and Nirmala, 2010). According to 
preliminary studies, a fundamental process is needed to 
efficiently supply water to the C3 and D2 agro-climate 
zones. The rise in human population decreases the 
availability of groundwater in agriculture area, due to 
excessive consumption, thereby leading to a rise in the 
number of critical zones for agricultural products 
(Hutasoit, 2009). Besides, the efficiency of rain in such 
areas also decreases due to high infiltration and runoff 
rate, which indicates sufficient irrigation (Bafdal et al., 
2014).  

2  Materials and methods  

The Ciparanje, Sumedang district located 6.9164° S, 
and 107.7717° E, is a tropic climate. A 10-year 
meteorological data shows that this district has an 
average temperature, evaporation, dry season, and rainfall 
of 22.3°C, 157.7 mm, ± 6 months, and 3.3 mm, 
respectively. Figure 1 shows the Ciparanje experimental 
agriculture field of UNPAD, which represents the 

agricultural condition in Sumedang district. Due to the 
nature of the area, cultivation is usually postponed to the 
rainy season, with cropping carried out during this period, 
assuming there are no rivers close to the field. The main 
crop cultivated in this dryland is sweet potatoes because it 
requires less water compared to corn and soybean, with 
water requirements at 350.6 to 418.9 mm/season and 
349.6 mm/season, respectively (Suryadi et al., 2018).  

The ten-year meteorological data (2008-2018) was 
obtained from the Meteorological, Climatological, and 
Geophysical Agency (Indonesia) and weather station at 
Universitas Padjadjaran. All meteorological data consists 
of the following input requirements of the CROPWAT 
8.0 software, namely temperature (°C), air humidity (%), 
and wind (m s-1). The irradiation duration data were 
obtained from SOLPOS Calculator by inputting the date 
and site location, which is further converted according to 
the CROPWAT requirement (Mikofski, 2020).  

The crop's characteristics data were derived from 
previous research carried out by Hanjeli Team from 
2016-2018 in Sumedang, West Java. These traits consist 
of crop stages, plant height, and root depth of each hanjeli. 
In terms of crop coefficient (Kc), the critical depletion and 
yield response attributes were determined using the 
sugarcane pattern (FAO-56 guidelines). These criteria 
from previous studies were used due to inadequate 
research on the hanjeli crop to elucidate these data 
determine the similarity between these two crops, with 
the C4 in the Gramineae family. The soil characteristics 
used in this research, such as field capacity (FC) and 
permanent wilting (WP) were analyzed at the Physic Soil 
Laboratory of Universitas Padjadjaran, as shown in 
Figure 1. Furthermore, all data requirements utilized the 
FAO methods for field measurements (Zotarelli et al., 
2010).  
  2.1 Research methods  

The P-M formula designed by Monteith (1965) was 
used to calculate the ET0 using CROPWAT after 
inputting the local meteorological data as follows: 

 𝐸𝐸𝐸𝐸0  =
0.408∆(𝑅𝑅𝑅𝑅−𝐺𝐺)+𝛾𝛾 900 

𝑇𝑇+273𝑢𝑢2(𝑒𝑒𝑒𝑒−𝑒𝑒𝑒𝑒) 
 

∆+𝛾𝛾(1+0.34 𝑢𝑢2)
  (1) 

In which, ET0 is evapo-transpiration (mm day-1), Rn is 
the net irradiation (W m-2), G is the flux of soil heat (W 
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m-2), (es- ea) is the vapor pressure slope of the air 
between the capacity or saturation of vapor pressure and 
the actual vapor pressure (kPa), ∆ is the gradient between 

vapor of saturation pressure and temperature, γ is constant 
of psychometric, T is for the daily temperature (°C) and 
u2 is the speed of wind flow (m s-1) (Allen, 1998).  

The next step was used ET0 in accordance with the P-
M formula to calculate water requirement of crop (CWR) 
represented as ETc using the following formula: 

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐾𝐾𝐾𝐾 ×  𝐸𝐸𝐸𝐸0   (2) 
Where, Kc is the coefficient of crop. It is obtained by 

dividing ETc (mm day-1) by ET0 (mm day-1). Kc's value is 
different among crops and based on stages, which is 
divided into the initial, developmental, mid, and late 
seasons using CROPWAT ver. 8.0 (Allen, 1998). 
Furthermore, this research examined the Kc values in 
sugarcane crop with the data of morphological traits of 
hanjeli obtained by actual performance, such as rooting 
depth and crop height in 2019.   

The last step in attaining irrigation requirement is 
associated with the initial available soil moisture (mm m-

1), which considers the field capacity and wilting point 
(Savva and Frenken, 2002). Furthermore, the water 
supply calculated during the dry season is calculated to 
determine the possible occurrence of irrigation. The 

sprinkler irrigation chosen for this study and the formula 
to obtain the operational time use are as follows 
(Prabowo et al., 2004):  

 𝑇𝑇 = 𝐸𝐸𝐸𝐸𝐸𝐸/SR   (3) 
In which, T is operational time (h), ETa is actual crop 

water use (mm day-1, provided by CROPWAT ver. 8.0) 
and SR is sprinkler rate (m h-1). The value of SR was 
obtained by this calculation:  

 𝑆𝑆𝑆𝑆 = (𝑛𝑛 × 𝑞𝑞)/𝐴𝐴                   (4) 
Where, n is indicated number sprinkler head, q is 

sprinkler debit (m3 hour-1), and A is large of area (m2). 
To evaluate the technology that needs to be accepted 

by economic value, the water use efficiency (WUE) is 
calculated in accordance with Duan (2005) research. The 
calculation method is as follows:   

 𝑊𝑊𝑊𝑊𝑊𝑊 = (𝑌𝑌 × 𝑃𝑃)/𝐸𝐸𝐸𝐸𝐸𝐸  (5) 
Where WUE (Rp m-3) is calculated by multiplying Y 

(Yield, t ha-1) with P (Price, Rp kg-1) to determine the 
crop market price, which is further divided by ETc (mm) 
to obtain the crop water consumption. Besides, we follow 
suggestion of Xiao et al. (2019) that use cost (C) during 
cultivation to reveal the real economic value of water use 
efficiency. The formula as described by Xiao et al. (2019) 
as follow: 

𝑊𝑊𝑊𝑊𝑊𝑊 = ((𝑌𝑌 × 𝑃𝑃)− 𝐶𝐶)/𝐸𝐸𝐸𝐸𝐸𝐸  (6) 
    

 
Figure 1 The location site and soil properties of experimental field were used in this study. The green color indicated the Sumedang district, 
West Java, Indonesia (green colour) that the experimental field located. The soil properties were obtained in 2018 (Map provided by DIVA 

GIS 1:2000000) 

3 Results and discussion  

3.1 Results  

3.1.1 Meteorological conditions 
The actual weather data in 2018 obtained from the 

UNPAD station was shown in Table 1 with an average, 
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minimum, and maximum monthly air temperatures and 
humidity of 20.3°C, 28.7°C, and 87%, respectively. The 
monthly amount of rainfall during the study period 
recorded for the first and second 3 months was 0.75 mm 
and 165.3 mm. The constant sun duration is 12 hours per 
day because it is in a tropic region, while the range of 
wind flow speed was 4 to 6 km day-1. Furthermore, the 
average ET0 values obtained during the study was 5.06 
(mm day-1) by a range of 4.24 to 5.59 (mm day-1). While, 
the effective rain versus actual rain was 1012.2 vs 1766 
mm provided by CROPWAT ver. 8.0 calculations. 
3.1.2 Crop water requirements 

The sprinkler irrigation system in this study used 
groundwater as the main source beside rainfall. However, 
crop cultivation was usually postponed during the dry 
season due to the inadequate supply of water. In 2018, the 
weather data (rain) obtained in 2015 was used to predict 
the ETc, ETa, and T+0.5 for field irrigation because the 

number of dry seasons was 6 months that year. According 
to the calculation using CROPWAT ver 8.0, each variety 
of hanjeli crop used sugar cane Kc and actual soil 
condition (depletion). Figures 2 showed that the total 
amount of ETc stenocarpa and ma-yuen during crop 
cycles were 952 mm dec-1 and 767.6 mm dec-1, 
respectively. This can be further divided into 4 stages of 
hanjeli growth lengths, such initial (23.8 mm dec-1), 
developmental (101.5 mm dec-1), mid (295.6 mm dec-1), 
and late (531.1 mm dec-1) for stenocarpa variety. The ETc 
of ma-yuen showed lower life cycle total 767.6 mm dec-1, 
which consists of 6.8 mm dec-1, 123 mm dec-1, 360.7 mm 
dec-1, and 277.1 mm dec-1 at the initial, developmental, 
mid, and late stages, respectively. The trend of depletion 
(%) appeared stagnant and higher during the dry season 
to at the beginning of the rainy season as well as from the 
initial to the end mid-season of crop stages for both 
hanjeli varieties that were cultivated (Figure 4 ).

 Table 1 Meteorological data consisting temperature, relative humidity, wind flow, Sunshine duration, irradiation and 
evapotranspiration  

Month Min Temperature (°C) 
Max Temperature 

(°C) 
Humidity (%) 

Wind (km h-

1) 
Sun (hours)* 

Irradiation  
(MJ m-2 h-1)** 

ET0** 

January 21 28 90 4 12 28.3 5.49 
February 20.5 28.5 91 3 12 28.7 5.59 

March 21 27.8 93 3 12 28.3 5.48 
April 21 28.4 93 3 12 26.8 5.14 
May 21 28 87 4 12 24.7 4.54 
June 20.9 28.5 89 3 12 23.6 4.31 
July 20 28.8 78 5 12 24 4.24 

August 18.9 29.7 81 5 12 25.8 4.71 
September 18.9 29.7 79 6 12 27.6 5.11 

October 19 30.8 79 6 12 28.4 5.42 
November 20.6 28.3 90 4 12 28.3 5.48 
December 20.6 28.3 90 4 12 28.1 5.42 

Note: * the data is sunshine duration from sunrise to sunset (from SOLPOS), ** the data was obtained by CROPWAT ver. 8.0 calculation 

 

 

 
 

 
 

 
 

Figure 2 The crop coefficient (Kc) (A) and crop evapotranspiration (ETc) (B) of two hanjeli varieties, stenocarpa and ma-yuen 
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Figure 3 The actual evapo-transpiration (ETa) (A) and operation time of sprinkler + 0.5 h (T+0.5) (B) use for irrigation of two hanjeli 
varieties, stenocarpa and ma-yuen in this study 

The actual calculation in 2018 based on the use of 
rain data to predict the ETc was similar to the 2015 data 
for stenocarpa and slightly different for ETc at the 
developmental stage (123 mm dec-1 vs. 123.1 mm dec-1) 
in ma-yuen variety (data un showed). 

The ETa is used as the input data to predict the time 
operation (T) of the sprinkler with the emitter debit of 
sprinkler head (q, 0.19 m3 h-1), which demonstrated the 

fluctuated time with an increase in trend according to the 
growth stage in both varieties of hanjeli, as shown in 
Figure 3. The longest time was 1.57 hour day-1 from the 
end of mid-stage to the beginning of the end-stage. 
However, half-hour (T+0.5) was added to the field time 
to anticipate the less water when using Kc for sugarcane. 
Hence the longest irrigation time was determined using 
sprinkler was ± 2 hours day-1. 

   

 

 
 
 
 

 
 

 
 

 
Figure 4 The depletion (A) and effective rain (B) to determine the ETa and T for two hanjeli varieties, stenocarpa and ma-yuen 

The operation time of sprinklers during the rainy 
season, which started from November to the end of the 
growth stage, was adjusted. The sprinklers carried out 
their activities any day accordance to the rain. In the 
previous study, the yield in the dry season versus in the 
rainy season of hanjeli was unstable. In which, the yield 
in dry season was 3 t ha-1 vs 6.1-6.3 t ha-1 in the rainy 
season for ma-yuen variety and 4.5 t ha-1 in the dry 
season for stenocarpa variety. The increasing yield of 
ma-yuen and stenocarpa varieties was showed by the 

actual data on the spot, 6.8 t ha-1 for ma-yuen variety and 
6.4 t ha-1 for stenocarpa variety when irrigated using the 
ETa for base data to calculate duration and volume of 
irrigation according to CROPWAT (Table 2).  
3.1.3 Crop water use efficiency 

Based on the calculation, the WUE was different 
between seasons and between varieties. The range of 
WUE1 was 1954.14 to 4429.39 Rp m-3 and WUE2 was 
1498.51 to 3398.33 Rp m-3. The lowest WUE1 was for 
ma-yuen variety in dry season (2017), while, the highest 
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WUE1 and WUE2 was ma-yuen variety in dry season 
using irrigation calculation based on CROPWAT ver 8.0 

results (Table 2).  

Table 2 The crop yield and water use efficiency of two hanjeli varieties in two seasons 

Variety Season Year 
Crop 
Yield  
(t ha-1)  

Price  
(Rp kg-1) 

Cost (Rp) 
ETC 
(mm) 

WUE1 (Rp 
m-3) 

WUE2  
(Rp m-3) 

References 

Ma-yuen 

Rainy 2016 6.100 5000 9000000 790.3 3859.29 3048.86 
Ruminta 

et al., 2019 

Rainy 2016 6.300 5000 10000000 790.3 3985.83 3148.73 
Nurmala  

et al., 2016 

Dry  2017 3.000 5000 11400000 767.6 1954.14 1498.51 
Ruminta  

et al., 2018 
Dry*  2018 6.800 5000 12800000 767.6 4429.39 3398.33 Actual  

Stenocarpa 
Rainy  2016 4.500 5000 10000000 962 2234.93 2148.96 

Nurmala  
et al., 2017 

Dry* 2018 6.400 5000 12800000 952 3361.34 3198.66 Actual  

Note: 1 is provided by formula 5 and 2 is resulted by formula 6. Rp is Rupiah (Indonesian Rupiah Rate currency, IDR) 

3.2 Discussion  
The variation in ET0 values was detected using the 

CROPWAT software, which indicated fluctuations in air 
temperatures, relative humidity, and wind flow speed 
during the years in this area. Particularly, the maximum 
temperature and wind flow speed in dry seasons. A 
similar phenomenon is reported in other tropic region 
during dry season (de Azevedo et al., 2007). In this study, 
the values of ETc become high through the growth phase 
and reach the maximum at mid phase. Finally, ETc 
showed a slight decrease in the two types of hanjeli with 
a total maturity time of 162 and 206 days for ma-yuen 
and stenocarpa, respectively. The late stage of ma-yuen 
was 55 days earlier than stenocarpa, thereby indicating 
differences in both varieties. These results suggested that 
this period was critical for water supply, which is more 
efficient during dry season (Cakir, 2004).   

The CROPWAT setting in rain input to estimate the 
effective rain while the USDA S.C. method was used to 
determine the irrigation requirement. Besides, the Kc as 
coefficient of crop was presented by CROPWAT divided 
into decade based on growth and developmental crop 
stages. The vary Kc of ma-yuen vs stenocarpa variety as 
shown in Figure 2 indicated that the late stage play 
important role that determine ETc as explained earlier. 
Although the Kc values vary, the trend increased rapidly 
from initial to end development and become stagnant at 
mid stage. Lastly, the Kc values slowly decreased in late 
stage, thereby indicating that the CROPWAT closed to 
present sigmoid growth curve of each hanjeli variety by 

considering evapo-transpiration. Furthermore, the depth 
of crop rooting and water holding that may determine the 
amount of water to irrigate these two varieties (Borg and 
Grimes, 1986; Cakir, 2004; Song et al., 2010; Akinbile et 
al., 2020). The effective rain in the first to the late mid-
stage (July to November) was 0, this indicating that no 
rain and hanjeli crop varieties relied on irrigation water. 
Therefore, it is clear that the yield of these two varieties 
in this study was determined by water supply.  

The crop yield in the dry season has the ability to 
exceed those harvested in the rainy season with the 
supply of adequate water according to ETa as actual crop 
evapotranspiration. These results suggested that the 
irrigation system such sprinkler by weight on growth and 
developmental stage of crops, water availability and soil 
characteristics was important in the term to save water. 
Liu et al. (2013) suggested that sprinkler is more effective 
compare to surface irrigation in wheat cultivation. 
Besides, the irrigation application by refill soil to field 
capacity and supplied at ET crop reduction per stage 
provided the total amount of water available to the crop 
(Jensen et al., 1990; Ewaid et al., 2019). The 
flooding/surfacing irrigation from pond that usually 
chosen by farmers was ineffective even less in price due 
to difficult to control the amount water of irrigation. This 
process was revealed for the two varieties of hanjeli as 
reflected by the efficient use of water considering the 
price of yield, input during cultivation, and 
evapotranspiration. Furthermore, the water use efficiency 
showed that the yield increases of two hanjeli varieties 
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due to proper irrigation. Particularly, it could be seen in 
comparison between dry seasons for ma-yuen. Besides, 
the yield of stenocarpa variety irrigated by sprinkler was 
higher during the dry season than the yield of this crop in 
the rainy season, thereby indicating that the irrigation 
system was suitable. As reported by Alberto et al. (2013) 
that the sprinkler irrigation system could increase the 
water efficiency up to 50% and provides numerous 
benefits for farmers. According to the shorter growing 
period, the ma-yuen was more efficient in water use and 
more profitable for farmers. Moreover, the cropping 
rotation/sequence by another crop to increase the number 
of cropping index is feasible due to the end stage of ma-
yuen was still in rainy season. Due to the data of this 
study was just from short-term experiments of two hanjeli 
varieties. The long-term field observations data are 
needed to examine water use efficiency in cropping 
rotation/sequence pattern by measuring the important 
agronomic traits of each crop. As suggested by Zhang et 
al (2015) that the water use efficiency of crops could 
change and need to be properly evaluated due to the 
agronomic practice, crop variety/species and environment 
in order to avoid the yield decline. Besides, the irrigation 
techniques for each crop in cropping system need to be 
observed (Evans and Sadler, 2008).  

4 Conclusions  

The crop water requirements analysis using 
CROPWAT to estimate water requirements of two hanjeli 
varieties was effective in increasing water use efficiency 
for both varieties in this study. The CROPWAT can 
provide sufficiently the crop evapotranspiration 
simulation that is useful to calculate the irrigation 
duration for two hanjeli varieties. Furthermore, the 
scheduling of irrigation timing according to ET crop 
reduction per stage and refill soil to field capacity 
providing the advantage in yield for both varieties due to 
the irrigation volume and time were based on interaction 
between crop and environment.  The growth stages 
showed as the key input to simulate the water loss by 
evapo-transpiration and the soil properties support to 
determinate the precision irrigation quota of both 

varieties. The sugar cane Kc use in this study was useful 
to estimate the ETc for hanjeli varieties.   
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