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ESTIMATION OF CROPWATER USE EFFICIENCY IN FURROW IRRIGATION OF BUSHBEAN CROP USING CROPWAT 8.0 MODEL

ABSTRACT

Anantapuramu district lies between 14.6819 0N Latitude and 77.6006 0E Longitude. The geographical area of the district is 1.913 M ha. Anantapuramu district has a semi-arid climate, with hot and dry conditions for most of the year. The weather data used for CROPWAT 8.0 model was collected for Madakasira mandal of Anantapuramu district for the years 2011 to 2020. The crop water requirement for bush bean was computed. 
The data clearly shows the relationship between water use, crop yield, and water use efficiency (WUE) under flood Irrigation uses the highest amount of water (328.9 mm) but produces a low yield (1000 kg/ha) and the lowest efficiency (3.04 kg/ha-mm), indicating poor water management and high losses, 100% Irrigation improves yield significantly (1281.25 kg/ha) with slightly lower water use, resulting in better efficiency (4.27 kg/ha-mm). It is suitable where water is not limiting, deficit Irrigation reduces water use (231.5 mm) while maintaining a high yield (1187.5 kg/ha), leading to higher efficiency (5.13 kg/ha-mm). This shows a good balance between yield and water saving and Partial Root Zone Drying (PRD) Irrigation uses the least water (141.2 mm) but still maintains yield (1000 kg/ha) and achieves the highest water use efficiency (7.08 kg/ha-mm), making it the most efficient method respectively. 

There is a modify backward relationship between facility use and facility use efficiency. PRD irrigation is the most expeditious, time insufficiency irrigation offers the soul cooperation between agree and nutrient saving. Furnish irrigation is the smallest prompt and should be avoided under water-scarce conditions. For sustainable nutrient management, PRD and deficit irrigation methods are advisable, especially in regions grappling irrigate limitations. 
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1. INTRODUCTION
Furrow irrigation is an inherently erosive process. It is exacerbated by the need for long fields to increase farming efficiency and for clean tillage to ensure uniform and steady flow of water down the furrow. Deficit Irrigation (DI) is an optimization strategy in which irrigation is applied during drought-sensitive growth stages of a crop. The Partial Root Zone Drying (PRD) irrigation is a novel improvement of deficit irrigation in which half of the root zone is irrigated alternatively in scheduled irrigation events. In the last decade, scientists across the world, especially from arid to semi-arid countries, have extensively evaluated this irrigation as a water-saving irrigation strategy on agronomic and horticultural plants.
CROPWAT 8.0 is a decision support tool developed by the Land and Water Development Division of FAO. CROPWAT 8.0 for Windows is a computer program for the calculation of crop water requirements and irrigation requirements based on soil, climate and crop data. In addition, the program allows the development of irrigation schedules for different management conditions and the calculation of scheme water supply for varying crop patterns. CROPWAT 8.0 can also be used to evaluate farmers' irrigation practices and to estimate crop performance under both rainfed and irrigated conditions.
Sreenivasa et al. (2020) estimated that the reference evapotranspiration using CROPWAT 8.0 model for Kadam watershed for the years 2000 to 2014. During the period maximum yearly reference evapotranspiration is 1250.5 mm/year for the year 2008. Singh and Jyothi (2019) carried out a study of crop water demand for few rabi crops using CROPWAT 8.0 and AQUACROP models. The study result shown that crop water requirement, net irrigation requirement and gross water requirement were estimated using CROPWAT 8.0 and AQUACROP for wheat crop 262 mm, 536 mm, 438.4 and 304.5 mm, 421.5 mm, 601.5 mm respectively.  Shreya et al. (2019) concluded that the irrigation water requirement modelling using CROPWAT 8.0 model for Balangir district, Odisha. The results shown that the reference evapotranspiration (ET0) for the district was calculated from Penman - Monteith equation using agroclimatic data. Kumar and Shashank (2018) estimated that the assessment of crop water requirement for vegetable crops over Uttar Pradesh by using CROPWAT model. The results shown that the experimental analysis revealed that to observe the effect of long-term climate change i.e., year 2020, 2030, 2050 on crop evapotranspiration and irrigation water requirement of potato were estimated by using IPCC AR5 data with RCP 4.5 scenario. Result revealed that with the time crop evapotranspiration and irrigation water requirement has found to be increased. Ayushi et al. (2018) experimented that the estimation of evapotranspiration using CROPWAT 8.0 for Shipra river basin in Madhya Pradesh. The result shown that the maximum average actual evapotranspiration was in the month of May is 288 mm due to highest temperature in this month and the minimum average actual evapotranspiration was in the month of November 34 mm due to the minimum temperature in this month. Smith et al. (2002) represented that the Use of the FAO CROPWAT 8.0 model in deficit irrigation (DI) studies. Results showed that increasing food requirements require greater efficiency in water use, both in rainfed and in irrigated agriculture. 
Irrigation scheduling is the process used by irrigation system managers to determine the correct frequency and duration of watering. Hence, for optimum utilization of water resources in this study. Scarcity of water is being a burning issue for crop cultivation. For this reason, water use efficiency is utmost priority which should be kept in mind during cultivation time. That’s why the manuscript is very much important on behalf of scientific community
2. MATERIAL AND METHODS
The study area selected for the experiment in the College of Agricultural Engineering, Madakasira, Anantapuramu district is located at 13˚56 59.8 ̎ N latitude and 77˚18 40.6 ̎E    longitude at an altitude of 641 m above the mean sea level in the scared rainfall agroclimatic zone. The study area was subdivided into four equal plots. The size of each study area plot was 64m2 with the length of 16m and width of 4m. The bush bean crop was cultivated in first plot using flood irrigation method, in the second plot using furrow irrigation (IR100) CROPWAT 8.0 model, third plot using DI(IR75), in third plot using PRD (IR50) irrigation scheduling in furrow irrigation based on CROPWAT 8.0 model. The map and layout of study area. CROPWAT is a program that uses the FAO (1992) modified Penman Monteith methods for calculating reference crop evapotranspiration. These estimates are used in crop water requirements and irrigation scheduling calculations. CROPWAT calculates the crop water requirement of an irrigated area, for various stages of crop development throughout the crops growing season.

3. RESULTS AND DISCUSSION

The data shows a logical way where application of water increases from the initial platform to the end flavour present crossways all irrigation methods, reflecting crop water demand growth over time. Furrow Irrigation (100%) provides the highest water supply at all stages (12 to 39.5 cm), ensuring maximum crop water availability and likely higher yields, but with greater water usage.  Deficit Irrigation (75%) moderately reduces water use (11 to 30 cm) while still maintaining relatively good supply, making it a balanced approach between water saving and productivity. Partial Root Zone Irrigation (50%) further reduces water input (10.5 to 27 cm), indicating efficient water use, but may slightly affect yield if not managed properly. Flood Irrigation shows the lowest or similar values compared to 50% irrigation (10.5 to 26.5 cm), suggesting less efficient water management despite traditionally high water use due to losses like runoff and evaporation (Fig.1).
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Fig. 1 Height of the plants (cm)  in different stages in different treatments.

The climate data was essentially data input to CROPWAT simulation program, which required the following weather parameters like., Temperature (Min & Max), Humidity, Wind speed, sunshine hours. The data used for CROPWAT 8.0 was taken from ARS, Rekulakunta, Anantapuramu from the year 2010 to 2020 and calculated the mean values of 10 years then fed to the CROPWAT 8.0 model. Based on the climate data fed to the CROPWAT 8.0 model, the reference evapotranspiration was calculated using Penman– Monteith equation in CROPWAT 8.0 model. The climate data in the CROPWAT 8.0software was presented in the Fig. 2.



Fig.2 Climate data in CROPWAT 8.0 software

From Fig.1, it was observed that the average minimum temperature of 12.3 ºC was occurred in the month of January, the average maximum temperature of 40.3 ºC was occurred in the month of April. Also, it was found that the average minimum and maximum humidity was observed in the month of April and September, October with the values of 41% and 77%. The average minimum wind speed in the study area observed in the month of October and the average maximum wind speed in the study area was observed in the month of May. The average minimum sunshine hours in the study area observed as 6.0 hours in the month of June, July and August and average maximum sunshine hours observed as 9 in the month of February, March and April.

The rainfall contributes to a greater or lesser extent in satisfying crop water requirement, depending on the location. During the rainy season a major portion of the crop water needs are covered by rainfall, while during the dry season, the major supply of water should come from irrigation. The rainfall data used for CROPWAT 8.0 was collected for the years 2010 to 2020. The total daily rainfall was fed to the CROPWAT 8.0. The results obtained were presented in Fig 2. From the figure it was observed that the 54.43% of total rainfall was received during monsoon months July–September. Also, it was found that the average total rainfall for the decade (2010-2020) was estimated to be 595.2 mm and effective rainfall of513.5 mm was estimated based on USDA Soil Conservation service formula which was 86.4% of total rainfall. The rainfall data in CROPWAT 8.0 software was presented in Fig. 3.
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Fig. 3 Rainfall data in CROPWAT 8.0 software

The crop data was essentially data input requiring the general data: coefficient of crop, duration of crop stages, rooting depth, critical depletion, yield response, crop height.

As per FAO of the US the typical crop data of study area which was fed was presented in Fig.4.  

Fig 4. Crop data in CROPWAT 8.0 software.

The textural classification of study area was estimated to be red loamy soil. As per FAO the typical soil data of study area which was fed was presented in Fig. 5.
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Fig. 5. Soil data in CROPWAT 8.0 software

Based on the climate data fed to the CROPWAT 8.0 model, the reference evapotranspiration was calculated using modified Penman – Monteith equation in CROPWAT 8.0 model. It was observed that the total average reference evapotranspiration estimated to be 4.73 mm/day. The calculated reference evapotranspiration is presented in Fig. 6. The reference evapotranspiration ranged from 3.53 mm/day to 6.66 mm/day and also it was observed that the reference evapotranspiration (ET0) is maximum in the month of May with the value of 6.66 mm/day due to highest temperature in this month and minimum in the month of December with the value of 3.53 mm/day due to minimum temperature in this month. The reference evapotranspiration (ET0) was varied with lowest during winter season to highest during summer season.
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Fig. 6.  Reference Evapotranspiration of bushbean crop
Estimation of the crop water requirement was carried out by fed the appropriate climate and rainfall data sets, together with soil and crop data files and the corresponding planting dates. Based on the climate data, rainfall data, crop data, and soil data fed to the CROPWAT 8.0 model, the crop evapotranspiration for bush beans crop was found to be 300.7 mm/crop period. The result on crop water requirement for bush beans crop was presented in Fig. 7.
Fig. 7 Crop water requirement for bush bean crop

From Fig. 7, it was observed that the maximum crop evapotranspiration of 127.1 mm was occurred at mid-season stage of crop and minimum crop evapotranspiration of 33 mm was occurred at initial stage of crop. Also, it was observed that the irrigation requirement of the bush bean crop was found to be 143.1 mm. The maximum amount of water required for the irrigation was 86.6 mm at the mid-season stage of crop and the minimum amount of water required for the irrigation was 0 mm at the initial stage of crop. The irrigation scheduling was prepared for bush bean crop using CROPWAT 8.0 model based on the climate data, rainfall data, crop data, and soil data. The irrigation scheduling for bush bean crop was presented in Fig. 8 and it was observed that the total gross irrigation requirement and net irrigation requirement for the bush bean crop was obtained as 127.9 mm and 89.5 mm respectively.  The actual amount of water applied to the crop without irrigation loss was 144.6 mm. It was also observed that the maximum number of irrigation intervals was more in mid-season stage of the crop and minimum number of irrigation intervals was found in initial and late season stage of the crop. The water has been used for irrigating the study area was drawn from the tube well located in the college campus. The porous pipe irrigation system was adopted for irrigating the plot under CROPWAT irrigation scheduling. The length of the porous pipe was 216 m. The furrow irrigation method was adopted for another plot to irrigate the study area. The graphical representation of the irrigation scheduling for bush bean crop was presented in Fig. 8.
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Fig 8. Irrigation scheduling for bush bean crop.
From the Table 1, the data clearly shows the relationship between water use, crop yield, and water use efficiency (WUE) under different irrigation methods:

· Flood Irrigation uses the highest amount of water (328.9 mm) but produces a low yield (1000 kg/ha) and the lowest efficiency (3.04 kg/ha-mm), indicating poor water management and high losses. 

· 100% Irrigation improves yield significantly (1281.25 kg/ha) with slightly lower water use, resulting in better efficiency (4.27 kg/ha-mm). It is suitable where water is not limiting. 

· Deficit Irrigation reduces water use (231.5 mm) while maintaining a high yield (1187.5 kg/ha), leading to higher efficiency (5.13 kg/ha-mm). This shows a good balance between yield and water saving. 

· Partial Root Zone Drying (PRD) Irrigation uses the least water (141.2 mm) but still maintains yield (1000 kg/ha) and achieves the highest water use efficiency (7.08 kg/ha-mm), making it the most efficient method.

Table 1. Water use, crop yield and Crop water use efficiency for bush bean crop 

	SL

No.
	Treatments 
	Water Use 

(mm)
	Crop Yield

(kg/ha)
	Crop water use efficiency

(kg/ha-mm)

	1
	Flood Irrigation
	328.9
	1000.00
	3.04

	2
	100% Irrigation
	300.1
	1281.25
	4.27

	3
	Deficit Irrigation
	231.5
	1187.5
	5.13

	4
	Partial Root Zone Drying (PRD) Irrigation
	141.2
	1000.00
	7.08


There is a modify backward relationship between facility use and facility use efficiency. PRD irrigation is the most expeditious, time insufficiency irrigation offers the soul cooperation between agree and nutrient saving. Furnish irrigation is the smallest prompt and should be avoided under water-scarce conditions. 
Conclusion

For sustainable nutrient management, PRD and deficit irrigation methods are advisable, especially in regions grappling irrigate limitations. Scarcity of water is being a burning issue for crop cultivation. For this reason, water use efficiency is utmost priority which should be kept in mind during cultivation time. That’s why the manuscript is very much important on behalf of scientific community
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