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ABSTRACT 

Irrigation is important in the agricultural production system to support the growth of plants, hence it can improve the 

crop. Rice as a staple food in Indonesia commonly requires more water than other plants. It is not only to support the 

plant growth but also to support soil cultivation and to reduce weed growth. This research aimed to analyze irrigation 

water requirements in the rice field according to the climate factor to determine the total amount of water and times. 

The observation was conducted in the rice field located at Kawangu village, Pandawai District, Sumba Timur Regency, 

East Nusa Tenggara Province, Indonesia. The rice (IF-16 variety) was planted in the field with different planting 

systems: (1) one seed per hole and (2) two-three seeds per hole. Further, the researchers also used two different spacing 

in planting: (1) 30×30 and (2) Jajar Legowo 2:1. The climate data such as wind speed, rainfall, temperature, humidity, 

and solar radiation were taken during the rice season by using Automatic Weather Station (AWS). The data was taken 

according to the growth of the rice season from May to August 2021. The clean water requirement (NFR) of the rice in 

the study site was calculated in accordance with evapotranspiration (ETc), water layer replacement (WLR), percolation 

(P), and effective rainfall (Re). The result showed that NFR was different during the growth of the rice season, which 

the maximum value was found on June and July (10.22 and 10.08 mm/day). The NFR value can be used as guidance 

for the stakeholders in the Sumba Timur irrigation system to increase the efficiency and effectiveness of the irrigation 

for the rice field.      
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1. INTRODUCTION 

One of the basic human needs is food, in which to be 

able to carry out a human activity that requires a supply 

of energy to substitute wasted energy. The majority of the 

population in Indonesia consumes rice as a staple food. 

The rapid growth of the population has made the demand 

for food, especially rice, is continuously increasing. 

Therefore, the problem that occurs is that the increase in 

population may cause the increase of conversion of land 

functions as well. 

East Nusa Tenggara has a lot of potential land for 

agriculture. East Nusa Tenggara is an area with a dry 

tropical climate where the dry season is longer than the 

rainy season. In this case, it surely has an impact on the 

availability of the existing water. In order to maximize 

the use of water in rice farming, several planting 

innovations and irrigation water were implemented. 

System of Rice Intensification (SRI) is a method of rice 

cultivation that can be used to save water. This method 

combines the treatment of planting space and the timing 

of irrigation water. System of Rice Intensification (SRI) 

has lower Kc Values, produced more grain due to aerobic 

condition under SRI method which provided optimal 

water and oxygen availability. Accordingly, with less 

irrigation water, SRI method has higher water 

productivity [1]. 

The water requirement of the rice plant in each 

growth phase is different. Therefore, it is necessary to 

monitor soil humidity levels to be able to determine the 

amount and timing of irrigation water. By cognizing the 

amount and timing of irrigation water, the use of water 

can be maximized to support food self-sufficiency. 
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2. METHODOLOGY 

This research was conducted in a rice field that 

belongs to a farmer group in Kawangu Village, Pandawai 

District, Sumba Timur Regency, East Nusa Tenggara 

Province, Indonesia from May to August 2021. The data 

taken includes the climate data, namely wind speed, 

rainfall, temperature, humidity, and solar radiation. 

2.1. Field Observation 

The field observation was implemented by direct 

observation to the rice field that was used as a sample. 

The climate data was collected using Automatic Weather 

Station (AWS) which was installed in the rice field area 

while the soil sample was taken using a sample ring 

which was then taken for the analysis in the laboratory. 

2.2. Measurement 

The primary data collection was implemented to 

discover the value of evapotranspiration, rainfall, and 

irrigation water. The retrieval of the climate data was 

using AWS tools which are composed of several sensors, 

namely: 

a. Cup anemometer, which has a function to measure 

wind speed and direction.  

b. Solar radiation (PYR), which has a function to measure 

solar radiation.  

c. VP-4, which has a function to measure humidity and 

air temperature.  

d. Rain gauge ECRN-100, which has a function to 

measure rainfall.  

e. 5-TE, which has a function to measure soil humidity, 

soil temperature, and soil electrical conductivity.  

f. ZL6 data logger, which is a data storage device from a 

climate sensor installed in the field.  

The recorded data was stored in the logger and 

uploaded every 10 minutes during the observation. The 

soil data was taken through the analysis implemented in 

the laboratory including texture and soil structure. These 

data were analyzed at the Soil Laboratory of the Faculty 

of Agricultural Technology, Universitas Gadjah Mada. 

2.3. Data Processing 

The water requirement in the field needs to be 

discovered to regulate the provision of water irrigation so 

that the water usage will be maximized. There was a 

difference in the requirement of water in the rice field for 

each phase of growth, especially for the rice plant. The 

calculation of the clean water requirement in the field was 

used the calculation formula:  

a. The requirement for clean water in the field 

(NFR)  

NFR = ETc + P + WLR – Re      (1) 

Information:  

NFR = Netto Field Water Requirement, clean water 

requirement in a rice field (mm/day)  

Etc = Plant evapotranspiration (mm/day)  

P = Percolation (mm/day)  

WLR = Water layer replacement (mm/day)  

Re = Effective rainfall (mm/day).  

b. The requirement for irrigation water for rice  

IR =   
𝑁𝐹𝑅

𝑒
  (2) 

Information:  

IR = Irrigation water requirement (mm/day)  

e = Overall irrigation efficiency  

c. The requirement for water at the source  

DR =  
𝐼𝑅

8,64
  (3) 

Information:  

DR = The requirement for water extraction at  the source 

(lt/s/ha)  

1/8.64 = The unit conversion rate from mm/day to lt/s/ha  

(Source: [3]) 

3. RESULT AND DISCUSSION 

3.1. Consumptive Use 

Consumptive use is the amount of water that the plant 

requires to implement photosynthesis. In the calculation, 

the crop coefficient is used to correlate the 

evapotranspiration (ETo) with the evapotranspiration of 

the reference plant (ETc) and is used in the utilization of 

the Penman formula. The coefficient used must be 

following the observation of various irrigation projects in 

the particular area. The consumptive use is used to fulfill 

the requirement of the plant obtained from the calculation 

of evapotranspiration multiplied by the crop coefficient. 

Consumptive use requires discovering the average 

amount in order to estimate the supply of irrigation water.  

The value of evapotranspiration is the main source of 

water loss during the planting period and the value of 

evapotranspiration is different for each phase of plant 

growth [4]. Evapotranspiration is the loss of water due to 

evaporation that occurs on the surface of the water and 

through the plant. ETo is an evaporation condition 

according to the meteorological conditions as follows: 

- Temperature  
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- Sunlight or radiation  

- Humidity  

- Wind 

The evapotranspiration value was calculated through 

manual calculations using the modified Penman formula. 

The result of the evapotranspiration calculation is as 

follows: 

 

Figure 1 The Evapotranspiration Value. 

The evapotranspiration value ranged from 4 to 5 

mm/day. The amount of evapotranspiration can be 

affected by several climatic factors, such as temperature, 

solar radiation, humidity, and wind. The value of 

evapotranspiration was quite high as the result of the data 

collection process entered the dry season. The high 

temperature value during the day reached 32.3°C and the 

low temperature at night reached 16.2°C with an average 

of 25.4°C during the planting period. The average 

irradiation time was 11.6 hours/day with an average 

humidity of 72.4% and high wind speed with an average 

of 1.4 m/sec. The increase in the value of 

evapotranspiration that occurred in August was due to the 

increase in average temperature and low humidity.  

The consumptive use of each growth phase was 

discovered by multiplying the evapotranspiration value 

and the plant coefficient value. The plant coefficient 

value used was in accordance with the value issued by 

FAO as shown in the following table. 

Table 1. The Value of Rice Plant Coefficient. 

Month 
FAO 

Ordinary Variety Superior Variety 

0.5 1.10 1.10 

1.0 1.10 1.10 

1.5 1.10 1.05 

2.0 1.10 1.05 

2.5 1.10 0.95 

3.0 1.05 0 

3.5 0.95  

4.0 0  

(Source: KP-01, 1986) 

 

Figure 2. The Consumptive Use. 

A high consumptive use at the beginning of the 

planting period was caused by plants that require a lot of 

intakes for growth in the vegetative and generative 

periods. However, it was slightly decreased in the middle 

of the growth period, and it increased again during the 

ripening process. The amount of consumptive use was 

strongly affected by the evapotranspiration that occurred. 

3.2. Percolation 

Percolation is the downward movement of water from 

the unsaturated zone, which is compressed between the 

soil surface to the groundwater-surface (saturated zone). 

Percolation power (P) is the maximum possible 

percolation rate, where the value of the percolation power 

is affected by the unsaturated condition of the soil located 

between the soil surface and the groundwater surface. 

According to the implemented sample analysis, the soil 

in the rice field was classified as clay soil hence it has a 

percolation value of 1-2 mm/day. 

Table 2. Percolation Value According to the Type of 

Soil. 

Number Type of Soil 
Percolation Value 

(mm/day) 

1. Clay Soil 1-2 

2. 
Sandy Clay 

Soil 
2-3 

3. Sandy Soil 3-6 

(Source: [2]) 

3.3. Water Layer Replacement 

The replacement of the water layer occurred after the 

fertilization for soil aeration and drainage. The water 

layer was replaced twice, each 50 mm (or 3.3 mm/day for 

a month) for a month and two months after 

transplantation. 

3.4. Effective Rainfall 

Effective rainfall is the amount of rainwater that 

absorbs in the soil in a particular area that is used by 

plants as the main source in fulfilling water requirements. 

Effective rainfall is calculated by sorting the semi-
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monthly daily rainfall figures from the highest to the 

lowest value, after discovering the 80% probability value 

(R80) of the semi-monthly daily rainfall. R80 was the 

amount of rainfall that can be exceeded by 80% or in 

other words, it exceeded 8 times out of 10 events. 

Effective rainfall for rice plants was 70% of the semi-

monthly rainfall which was exceeded 80% of the period 

[2]. In this research, the amount of effective rainfall 

calculated can be seen in Table 3 below. 

Table 3. Effective Rainfall. 

Month Effective Rainfall (mm/day) 

May 0 

June 0.046 

July 0.135 

August 1.011 

The data collection process was implemented from 

May to August 2021, according to the table it can be seen 

that the value of effective rainfall was low as the result of 

the data was taken during the dry season. 

3.5. The Calculation of Water Requirements in 

a Rice Field 

The clean water requirement in the rice field (NFR) 

was calculated by considering several factors, such as 

evapotranspiration that occurred, percolation, 

replacement of water layers, and effective rainfall. 

According to the calculation result obtained, the value of 

clean water requirements in the rice field can be seen in 

Table 4 below. 

Table 4. The Clean Water Requirement in the Rice 

Field. 

Month NFR (mm/day) 

May 6.83 

June 10.22 

July 10.08 

August 6.16 

 

This result was in accordance with previous research 

which stated that the loss of clean water in the rice field 

ranged between 6-10 mm/day and 180-300 mm/month 

[7]. In June and July, there was an increase in water 

demand due to the replacement of the water layer by 3.3 

mm/day for one and two months after the planting. 

3.6. The Irrigation Water Requirements 

The amount of the irrigation water requirement is as 

much as the volume of the water required to fulfill the 

needs of evaporation, water loss, water needs for plants 

by taking into the effective rainfall and the contribution 

of groundwater. The irrigation water for the rice plant 

includes the requirement of evapotranspiration, water 

loss due to percolation and seepage, and a certain amount 

of water for soil saturation[8]. For plants other than the 

rice plant, the percolation and seepage are not calculated 

for irrigation water requirements. The water in rice plants 

is used to regulate and maintain the temperature, 

humidity, and can affect the growth and yield of rice 

plants. The requirement of the irrigation water can be 

calculated after cognizing the need for clean water in the 

rice field. 

Table 5. The Irrigation Water Requirement. 

Month 
IR 

(mm/day) 

DR 

(lt/s/ha) 

May 10.5 

1.48 

June 15.72 

July 15.52 

August 9.48 

Average 12.8 

The value of irrigation water requirements was 

obtained by dividing the requirement of clean water in 

the rice field by the irrigation efficiency so that the 

average irrigation water requirement was 12.80 mm/day. 

According to the value of this irrigation water 

requirement, then it was obtained that the amount of 

water withdrawal requirements was 1.48 lt/s/ha. 

4. CONCLUSION 

The present research shows that the irrigation water 

requirement in Kawangu Village, Pandawai District, East 

Sumba Regency is an average of 12.80 mm/day with the 

water withdrawal of 1.48 lt/sec/ha. The provision of 

irrigation water should be done periodically until the soil 

is in a muddy condition. This can be done in 

consideration of the high value of evapotranspiration that 

occurs when inundation is implemented. The use of 

irrigation pipes is recommended in order to minimize the 

water loss due to evaporation. 
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