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Short communication

Estimation of crop water requirement based on Penman-Monteith approach under
micro-irrgation system

S.B.GADGE , S.D.GORANTIWAR, VIRENDRA KUMAR! and MAHESH KOTHARI
Department of Irrigation and Drainage Engineering, Dr.A.S.CAE, MPKV, Rahuri.
!Department of Soil and Water engineering, MPUAT, Udaipur:

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, MPKYV, 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)
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:

ETec+ Wa

WR = ———
100 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
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Crop Plavitivys date Tpacing Crop(ﬁ;:m . Wietted ares %
Barana 22 Tan 1imx15m 365 04
Erimjal ffumif) 15™ fne a0 an TS an 00 ]
ErimjalSmrmver) 15" Tan a0 an w75 an 200 05
Cabbage 15% Sep. 45 anx 30 cm a0 1
Chilli [ Smratier ) 15* Fb, G0 anx 45 om 00 ]
Chottom 1" April a0 anx 90 cm 130 05
Cuontber 15" Feh. 100 anx 50 cm 120 04
Cram 15% Oct. 30 anx 10 cm 120 1
Grapes 15 hare EImxlim 365 05
Cronmd roat ([ FRarf) 15™ Fme 45 amxld on 110 1
Cronmudeoat | Snrrerer’) 15 Tan, 45 anxls an 125 1
Lirne 15™ hare fm xfim 365 0z
Clra (Samarer) 15" Jan, 30 anx 20 cm 125 0z
Crrdon (R} 15™ Honr, 125anx 75 an 120 1
Crviot [Smrener) 15* Tan 12 5anx TS an 120 1
Papayta 15" Fimrue A25mx 3 25m 365 04
Potre gratute 15% hawe 45muim 365 0z
Potato ([ Rod) 15" Ot 45 o I0em 110 1
Sooebean (FRumif) st R 0 w10 an 100 ]
Totrato (Eabi) 15" Sep. Q0 amx 30 cim 160 0.7
Table 2: Crop coefficient equations for different crops
T Ho. Crop Equation
1 Batutin T L
Kgp= hbil Iul I }«4—1;.1___1_ ,..-dﬁi_ I U YELE

2 Brijal Ko = —0,0359 é} 33332 H — 033634 } + 36708

3 Cibbage e, —2R1T L} + 1275842 1 pannad } + TR

+ Chill Ky = 1g Lﬂltl +b=:=c1| I I ”bu&i I 10l '}1 I UHFEL

5 Cottor

Koy — —10.710 ;} +1r;.r.1¢§34— 0.£957
10 Hlra Ety= bbi HEIJ] | 2142 1 Ll . -}H-uﬂl I 106k
1 Do, iy =— 2..0:5-.{%} + L83 13 -1 +|:-;'JT::;}I+ 376
12 Fapara Ky, — -1 3:53{;}“ -1 n=61{i}: - 4=a‘;{;}1— 0 Geid
15 Dotito e, —r:.n".nc{;}: —aanng] . .rng ERT
14 Soybean oy = 2048 IEF U b i_l]: | 833 | [E u.:él.---t_"L I 02471
13 Sugarcane K-:.,:—L?E_UE:} - ..___:.ﬂg } =*1L5§ ] + 00221
16 Tenzato K, —52?92{;}2— 55:41{ } _.-_19_1{ } — 03947
Where
Kc, = crop coefficient of t™ day.
t = day considered.
T = total period of crop growth from sowing to harvesting (days).

a,a,a, ..

= constants of equations.

(Note R? 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.

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 kharifsoybean, 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,
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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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