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	 The	crop	water	requirement	depends	on	age	of	the	
crop,	season,	location	of	growing	and	management	strategies	
to	be	adopted	and	their	computation	needs	the	information	
on reference crop evapotranspiration, crop coefficient etc. 
Absence	 of	 this	 information	 may	 lead	 to	 either	 under	 or	
over application of water. Amongst different methods for 
estimating	evapotranspiration	rates,	the	climatological	based	
methods are widely used. The study was therefore carried 
out	to	estimate	crop	evapotranspiration	for	different	crops	
growing	under	surface	and	microirrigation	methods	in	the	
command area.  A spreadsheet based computer model was 
developed	to	estimate	the	crop	evapotranspiration	values	and	
compute the water requirement.

The	climatological	data	obtained	from	meteorological	
observatory	 located	 at	All	 India	 Co-ordinated	 Research	
Project	 on	 Water	 Management,	 MPKV,	 Rahuri	 for	 the	
period from 1975 to 2005 was used for this study. The crops 
considered	 in	 this	 study	were	papaya,	banana,	 sugarcane,	
pomegranate,	 lime,	 grapes,	 kharif soybean,	 rabi	 tomato,	
kharif groundnut,	rabi onion,	cotton,	gram,	potato,	kharif	
brinjal,	cabbage,	summer	brinjal,	summer	cucumber,	summer	
onion, summer okra, summer groundnut and summer chilli. 
The	 agronomical	 details	 of	 these	 crops	 are	 presented	 in	
Table 1.

The	rotational	water	supply	system	is	followed	in	the	
canal command area of Mula Irrigation Project. The irrigation 
rotation period was of 14 days. The rotation was based on 
7 days “ON” and 7 days “OFF” period. Hence, the water 
requirement	under	surface	irrigation	method	was	estimated	
considering an irrigation interval of 14 days i.e. total of 26 
irrigation indices per year.

Reference	 crop	 evapotranspiration	 values	 were	
calculated	 using	 the	 Penman-Monteith	 method	 (Allen	 et 
al., 1998). This method is recommended by FAO and many 
researchers	 found	 that	 this	 method	 is	 close	 to	 the	 actual	
measurement	of	ETo	compared	to	other	methods	(Patil	and	
Gorantiwar, 2009). The crop evapotranspiration (ETc) values 
were	 calculated	 on	 daily	 basis	 using	 a	 one	 dimensional	

empirical	model	as	follow:

ETc = ETo * Kc    (2)

where,

ETc	=	maximum	crop	evapotranspiration	(mm	day-1)

Kc = daily crop coefficient 

The water requirement (WR) by the surface irrigation 
methods is equal to the crop evapotranspiration. However 
water	 requirement	 by	 the	 micro	 irrigation	 method	 is	 less	
than the water requirement by the surface irrigation methods. 
This	 is	due	 to	 the	 fact	 that	under	microirrigation	methods	
unlike	in	surface	irrigation	methods,	it	is	possible	to	apply	
water to the effective root zone only. Hence, the daily water 
requirements	for	different	crop	under	microirrigation	methods	
were	estimated	as	follows:

    (3)

where,

WR = daily water requirement (mm)

Wa	=	percentage	of	the	total	area	the	area	to	be	wetted	

The	 wetted	 area	 considered	 for	 estimation	 of	 water	
requirement of different crops is presented in Table 1.

The stage wise crop coefficient for papaya, banana, 
sugarcane,	 cucumber,	 grape,	 papaya,	 brinjal	 and	 cabbage	
were	adopted	from	Allen	et al., (1998) and  the stage wise 
crop coefficient for onion, cotton, soybean, potato and tomato 
were adopted from the Doorenbos and Kassana (1979)  since 
the location specific data on the stage wise crop coefficient for 
these crops were not available. However for gram, groundnut, 
chilli and okra, the location specific data were available (Patil 
and Gorantiwar, 2009) and hence these data were adopted 
for this study. The crop coefficient equation developed for 
calculating daily Kc values are presented in Table 2.

The	 daily	 reference	 crop	 evapotranspiration	 values	
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Table 1:		Agronomical	details	of	crop	and	%	wetted	area	under	microirrigation	methods

Table 2:  Crop coefficient equations for different crops

Where,
Kct = crop coefficient of tth day.
t     = day considered.
T   =      total period of crop growth from sowing to harvesting (days). 
a0,	a1,	a2 …= constants of equations.
(Note:	R2 value for above equation is greater than 0.8)
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computed	by	Penman-Monteith	method	for	thirty	one	years	
(1975- 2005). The was observed to vary between 2.85 mm 
to 8.33 mm day-1. 

Usually	the	surface	irrigation	systems	are	designed	for	
60% efficiency. Hence the values of water to be applied to 
different	crops	under	surface	irrigation	method	were	estimated	
based on this efficiency. Similarly, the values of water to be 
applied	to	different	crops	under	microirrigation	method	are	
estimated based on 95% efficiency. The depths of water to 
be	applied	to	different	crops	under	microirrigation	methods	
are presented in Tables 3. The crop water requirement 
under	microirrigation	methods	is	less	than	surface	irrigation	
methods. The saving in water for microirrigation method 
was	observed	to	be	maximum	under	pomegranate	and	lime	
(88%) and minimum for the summer groundnut (38%) when 
compared to the surface method of irrigation. Similar saving in 
water	was	also	observed	for	other	crops	under	microirrigation	
methods. The per cent saving in microirrigation methods was 
observed to be 75 % for  papaya, 62 % for  banana, 64 % for  
sugarcane,  73 % for  grapes, 68 % for  kharif soybean, 61 % 
for		rabi	tomato,	43	%	for		kharif	groundnut,	51	%	for	rabi	
onion,65  % for  cotton, 48% for  gram, 53 % for  potato, 70 
%	for		kharif brinjal, 63 % for  cabbage, 65 % for  summer 
brinjal, 63 % for  summer cucumber, 40 % for  summer onion, 

52 % for  summer okra and 63 % for  summer chilli when 
compared	to	the	water	requirement	under	surface	method	of	
irrigation. Thus there is a saving of at least 50% of water if 
drip	irrigation	method	is	used	instead	of	surface	irrigation	
method. This indicates that in case of water scarcity there 
is	possibility	of	bringing	additional	area	under	irrigation	by	
using the saved amount of water. 
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