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1. Imtroduction

North coastal Andhra a rainfed region is under culti-
vation of various crops like rice, jowar, maize, ground-
nut, mesta, millets, sugarcane, etc.  Since irrigation
facilities are poor it is essential to know the water re-
quirements of crops in order to change the cropping pat-
tern and schedule the irrigation potential in the area.
The crop water requirements are defined as “the depth
of water needed to meet the water loss through evapo-
transpiration (Ey crop) of a disease-free crop, growing
in large fields under non-restricting soil conditions includ-
ing soil water, fertility and achieving full production
potential under the given growing environment” (Dooren-
bos and Pruitt 1977). The crop water requirements at
3 stations, viz., Kalingapatnam, Visakhapatnam and
Anakapalle are estimated and discussed: the guide-
lines and methodology given by Doorenbos and Pruitt
(1977) are followed in this study.

2. Data and methodology

(i) Prediction of reference crop evapotranspiration—
The effect of climate on crop water requirements 1S
accounted by the reference crop evapotranspiration
(Ex) which is defined as the rate of evapotranspiration
from an extensive surface of 8 to 15 cm tall, green cover
of uniform height, actively growing, completely shading
the ground and not short of water. Out of four methods,
viz., Blaney and Criddle (1950), Radiation - Makkink
(1957), Penman (1948) and pan evapotranspiration
methods recommended by them, the Blaney and Criddle
method fias been adopted for the study since this method
is suggested for areas where available climatic data
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ABSTRACT. Knowing the area under each crop and their water requirements, it is possible to plan the
water resources for storage and distribution from the reservoirs, ponds, lakes efc. Since most of the north
coastal Andhra region a rainfed area, it is essential to estimate the water requirement of the crop either (o change
the cropping pattern or to schedule the irrigation facilities.
has been adopted since this method is suggested for area where available climatic data consists of air temperature
data alone. Three representative stations, Kalingapatnam, Visakhapatnam and Anakapalle have been taken and
estimated the normal water requirements for the principal crops grown in the region,
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For this study, Blaney and Criddle (1950) method

consists of air temperature data alone as is the case in
the region. Using measured temperature as well as
general levels of humidity, sunshine, and wind, a better
result can be drawn to obtain evapotranspiration. The
relationship recommended representing mean value over
the given month is expressed as,

Epg=C[P (0.467 T-|-8)] mm/day
where,

Egg is reference crop evapotranspiration in mm/
day for month considered,

T 1s mean daily temperature in “C over the
month considered,

P is mean daily percentage of total annual day
time hours obtained from the table for given
month and latitude,

C is adjustment factor which depends upon
relative humidy, sunshine hours and day time
wind estimates.

_ The reference crop evapotranspiration (Eyg) can be
estimated with the help of Fig. 2 as given by Doorenbos
and Pruitt (1977). Information on general monthly or
seasonal weather conditions and approximate range of
RH (Relative Humidity) minimum, n/N (Actual number
of sunshine hours/Possible number of sunshine hours)
and U, (wind speed) during day time at the two sta-
tions, Visakhapatnam and Kalingapatnam—in the
region is obtained from the records of India Meteoro-
logical Department, Pune and for Anakapalle at
Regional Agricultural Research Station.
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Fig. 1. Average K¢ values for, initial crop development stage

TABLE 1

Water requirements of crops

Name of the
crop

Plant- Crop development Mid-season Late season
ing Initial stage stage stage stage

week s =

i A et S S—
N - —

A B C D A B CD A B CD

Rice

Maize (Khar.)
Jowar
Groundnut
Maize (Rabi)
Sugarcane

Rice

Maize (Khar.)
Jowar
Groundnut
Millets

Mesta

Total Total
No. of crop

days Er

(mm)

Kalingapatnam
0.44 113 50 35 1,00 195195 40 1.10 203 223
0.42 114 48 35 0.95194 184 40 1.04 209 219

0.95 139 132
0.50 147 81
0.43 112 48 35 0.95184 175 40 1.00 206 206 0.50 141 70
0.44 137 60 35 0.85184 156 45 0.95 221 210
0.50 90 45 35 0.70 137 94 45 1.05 135 142

0.52 235 122

0.40 107 43
0.50 112 56

125 1.00 507 507 125 1.05 557 585 0.70 390 273

Visakhapatnam
0.45 106
0.44 112
0.45 112

35 1.00 183 183 40 1.10 211 232 1.00 121 121
35 0.95 185176 40 1.05 210 220
30 0.95 185 173 40 1.00 210 210

35 0.85 183155 45 0.95 230 218

0.55 149 82
0.50 128 &4

0.46 132 0.40 109 44

0.42 84 30 0.75132 99 40 1.05 209 219

35 0.90 18 167 40 1.00 209 209

0.30 119

0.44 112 0.50 155

Anakapalle

20 0.45 108 49 35 1.00 1822 182 40 1.05 185 197 30

125 1.00 458 498

095 122 116

45 0.46 233 107 125 1.10 537590 70 0.70 388 271

15 0.43 114 49 30 0.70 1@ 113

40 1.00203 203 20 0.30 96 29

A - duration in days; B : K¢ values;  C: reference crop E; (mm); D

:erop ET (mm)




CROPS AND THEIR WATER REQUIREMENTS 61

RHun LOW RHuyn MEDIUM RHmn HIGH
N -50° (>50%)
g1 (<20%) 32 | (20-507%) 3 % -
L 1r 2 2
)| - ‘ R
‘. [ I
il o
| .
t - ' )
5 C s
L
’ L A "‘
1 3
[ 2 [ : £
- 1 e
9 2 2=z
1+ =
: - [ e
2
& [ / VR
5 [ r ol
2 / ' "
~ 3 / [ :
-1 wof v A )
4 2 32 8 o a_a 3 | S
23 3 2
w 1 [ ;
1 1 k]
y =
st . 1 3 £
2 R
7t 1o
K ©
5 -
3t // /
i /
‘ 7 1 // n 1]
T W W T S
1 3 5 78 1 3 5 78 1 3 5 7

f=PtO.46L +8)
1. U DAYTIME = O-2Mfsec (=10); 2. UDAYTIME= 2-3 M /sec( = 3.5,
3. U DAYTIME = 5-8m /sec (=65)

Fig. 2. Prediction of Er, from Blaney-Cridle factor for different

conditions

(ii) Selection of crop coefficient — The crop coefficient
(K¢) values related to the predicted referenge crop cls'a-
t;_mtrane'.pu'atlc:)n (Ezg) to evapotranspiration of disease
ree crop grown in large fields under optimum soil water
and fe_rhllty cond:thns and achieving full production
potential under the given growing environment. There-
fore Ey crop can be found by Ej crop=Kp. Epy. Ep
crop is the sum of transpiration by the crop and eva-
poration from the soil surface, Evaporation is negligible
during full ground cover, the evaporation from the soil
surface (E soil) may be considerable during early grow-
ing period, particularly when the soil surface is wet for
mogﬂti of the time from irrigation and rain. The crop
;g:ceclgnt 1{(,13 will vary during different crop stages and
pem e following stages of crop development should

aken nto account as suggested by Doorenbos and

P M 5 e .
g{\l'l:;tuil:l‘:rt!le method of obtaining X, values is also

(1) Initial stage Germination and early
growth when the soil
surface is not or is hardly
covered by the crop.

(2) Crop development

Fro initi
s m end of initial stage to

to attainment of effective
full ground cover.

From attainment of effec-
tive full ground cover to
time of start of maturity.

From the end of mid sea-

son stage until full matu-
Tity or harvest,

(3) Mid-season stage

(4) Late season stage

To evaluate K values at different stages of the crop,
the information on planting or sowing dates, the total
growing season and length of crop development stages
have been collected from the district agricultural offices
in the region. The K values for initial development
stage have been taken from the Fig. 1 given by Doorenbos
and Pruitt (1977) relating the reference E7o during ini-
tial crop stage to the K, value for an assumed irriga-
tion or rainfall frequency of 7 days. The K, value
for mid-season stage for given climate (humidity and
wind) has been selected from the tables given by Dooren-
bos and Pruitt. For time of full maturity (or harvest
within a few days) and for given climate (humidity and
wind) K. value for late season stage is also obtained
from the tables. Assuming straight line between K¢
value at end of initial to start of mid-season stage, K¢
value for crop development stage has been obtained by
means of graphical smoothing. Thus, four stages have
been taken to indicate the approach of methodology in
selecting K values.

(iii) Factors effecting Ey crop— Ep crop estimated by
the above method refers to Ep of a disease-free crop
grown in a very large field not short of water and ferti-
lization. Further the application of such normal data
needs careful attention for various factors that can alter
the Ep crop. The important factors with Ep crop which
get affected (Doorenbos and Pruitt 1977) are variations
with time distance, size of irrigation development advec-
tion, level of available water, ground water, salinity of
water etc.



62 A. R. SUBRAMANIAM anp P. A. NARASIMHA RAJU

3. Results and discussion

The estimated normal crop water requiremets for the
principal crops grown at Kalingapatnam, Visakhapat-
nam and Anakapalle are given in Table 1. The crop water
requirements for rice are 600 mm, 584 mm and 544 mm
at Kalingapatnam, Visakhapatnam and Anakapalle res-
pectively. Water requirement is more for rice during
reproductive stage (223 mm) and less during initial stage
(50 mm) at Kalingapatnam. E7 of millets at Visakha-
patnam and Anakapalle is 389 mm and 394 mm res-
pectively. At Kalingapatnam and Visakhapatnam the
Eqpis 469 mm and 478 mm for groundnut respectively.
The crop water requirements for sugarcane is 1487 mm
at Kalingapatnam and 1466 mm at Anakapalle. Water
requirement for rice, jowar, maize crops is more at Kalin-
gapatnam than in Visakhapatnam.

Results of the fields observation on a 12 month sugar-
cane crop conducted at Regional Agricultural Research
Station, Anakapalle shows the average va!ue of Ep
crop 1588 mm. The crop Ep of sugarcane estimated for
Anakapalle is found to be 1466 mm showing there could
be 122 mm less in estimated value. In view of the reported
field observation, it is necessary to take crop coefficients,
1.1 and 1.2 during crop development and mid-season
stage instead of 1.0 and 1.05 to overcome the lower
estimated value.

At Kalingapatnam the actual receipt of normal rain-
fall is 1002 mm whereas the estimated normal require-
ment of water for sugarcane (12 month crop) is 1487 mm.
It is evident that still 485 mm of water has to be supplied
through irrigation to survive the crop. For other crops
supplimentary irrigation is not necessary since rainfall
in the region satisfies the requirement of crops during
different phenophases.

Thus the estimated values based on climatic para-
meters are of considerable practical use for irrigation
design where field observations are not available.
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