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ABSTRACT. For evaluation of evapotranspiration aad crop coefficient values for Sonalika wheat, ly-

simeter study was done for three ycars at Jabalpur. The average evapotranspiration of Sonalika wheat was found
to be 410,58 mm and the range was 353.51mm to 488.51 mm. The crop coefficient values as evaluated from the

three years' data were found quite suitable for estimatin
and it is suggested, can be used for other wheat varieties

arcas.

1. Introduction

The knowledge of evapotranspiration (ET or
consumplive use) of wheat is necessary in plan-
ning farm irrigation and scheduling of irrigation.
The consumptive use of water by wheat is de-
pendent on the stage of growth of the crop, cli-
matic factors and length of growth period. It
increases with increase in plant growth, reaches
a peak during mid-part of the growth period and
then starts decreasing upto harvest.

Many research -workers havs estimated the
evapotranspiration of wheat (Singh and Dastane
1971) at Delhi (Gupta 1975) at Jabalpur (Garg
and Srivastava 1971) and (Kumar et al. 1974)
at Hissar and have reported the consumptive
use of water by wheat as 47.00, 41.00 (for Hira)
and 40.07 cm (for Raj 911), 52.20 cm (at 60

r cent available soil moisture water regime)
and 51.21 cm (for dwarf wheat HD-1941) res-
pectively by soil sampling for soil moisture de-
pletion approach by gravimetric method and by
Blaney-criddle formula (Bapna and Khupse 1980)
reported the ET of 35.88 cm and 39.12 cm at
60 and 80 per cent available soil moisture water
regimes by soil sampling method respectively.
* The consumptive use of 46.00 cm for Sonalika

wheat at Delhi, 46.60 cm for UP-215 wheat at
Pune and 46.60 cm for Sonalika wheat at Akola
based on lysimeter measurements was reported
by India Met. Dep. Pune (Rep. No. 76/16) but

mhe evapotranspiration of Sonalika wheat at Jabalpur

ving the same growth season, at Jabalpur and nearby

K-factor (crop -coefficient) values were not
reported.

~ The crop coefficient (K-factor value) which
is defined as the ratio of evapotranspiration
from the crop to the evaporation from a USWB
class A pan has also been reported by a few
research workers (Rajput 1979) reported the seaso-
nal K-factor value of 0.98 and periodic values
of 1.10, 1.30, 1.40, 1.30, 0.90 and 0.40 for
4 Jan, _24 Jan, 4 Feb, 14 Feb, 6 Mar and 25 Mar
respectively for wheat grown in clay soil from
field experiments at Jabalpur. As dgstailed values
of ET and K-factor values are not available for
each 5 or 10 per cent growth season values, an
effort has been made to determine these values
precisely from lysimeter study at Jabalpur.

_ The evaluation of K-factor values from the ly-
simeter study for 3 years’ period at Jabalpur is
the first scientific attempt, as far as the authors
are aware, for finding out the K-factor values for
each 5 or 10 per cent growth season values of
Sonalika wheat.

2. Methods and materials

Weighing type lysimeters, two in number
having dimensions of 90 cm X 90 cm X 180 cm
each, installed by the India Meleorological
Department, Pune at J. N. Krishi Vishwa Vidya-
laya Research Farm, Jabalpur were used for

*Agric. Div., Met. Office, Pune, at present posted at Jabalpur.
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measuring the evapotranspiration (ET) of Sonalika
wheat (HD 1553) for three years as given below :

Starting
year Sowing dateof ET Harvesting
date Measure- date
ment

1976-77 11 Nov 1976 19 Nov 1976 24 Mar 1977
1977-78 13 Dec 1977 24 Dec 1977 7 Apr 1978
1978-79 15 Nov 1978 26 Nov 1978 3 Apr 1979

The Sonalika wheat was also grown in the area
surrounding the lysimeters to the extent of 3 to 4
hectares. The daily ET measurements were re-
corded from two lysimeters at 7.30 A.M. and
evaporation was recorded from USWB class A
Pan installed in the nearby observatory. The
rainfall data were also obtained from the observa-
tory at J. N. Krishi Vishwa Vidyalaya Research
Farm. There was no need to drain out excess
water from the lysimeters.

From the ET and pan evaporation data, the
crop coeffieient values were calculated for three
break-ups (a), (b) and (c) of the total growth
period of 126 days in 1976-77, 105 days in 1977-78
and 129 days in 1978-79 as per standard proce-
dure given in Bulletin No. 2, A Guide for estima-
ting irrigation water requirements by Water Ma-
nagement Division, Ministry of Agriculture (Dep.
of Agriculture), New Delhi. The three break-ups
of the toral growth period are (a), (b) and (c)
which are given below :

For 126 days o7 1976-77 — (a) 12-15416-4-15--
16-+-15+134-15+49=126 days, (b) 104104104
I04+104+104+- 104+ 104104+ 10+ 10 4+ 1046 =
126 days and (c) 204-204+-20415420-+15416=
126 days;

For 105 days of 1977-78 — (a) 84-15+16-+15+
134+15416-+7=105 days, (b) 104-104+10-+10+
104-104-104-104-10--104-5= 105 days and (c) 20
+204-154154-15+410410=105 days;

For 129 days of 1978-79 — (a) 5+15+16+415+
16+4-15+-134-15-4-19=129 days, (b) 104104104+
10+10+4-104-104-104-104104104+104-9=129
days and (c) 20--204-20-4204-20415+414=129
days.

These brecak-ups of total growth period were
made to get as many crop coefficient values (K-
factors) as possible for small growth periods from
10 to 20 days each. The K-factors obtained for
small growth periods from ET and evaporation
values for those periods (29 values for 1976-77,
26 values for 1977-78 and 29 values for 1978-79)
were plotted against per cent growth season
(per cent G.S.) separately for each year and best
fit line was drawn. From the best fit lines, the
K-factor values were read for 5, 10, 15...... 95
and 100 per cent G.S. for 1976-77, 1977-78
and 1978-79 years.

TABLE 1

Irrigation water applied, rainfall received, ET and wheat yield

Water (mm) applied Actual
Year — A —— ET  Wheat
@ (¢} Total measur- yield
ed  (q/ha)

(mm)
1976-77 50.00 410.80 86.0 546.80 467.62 24.20
1977-78 75.00 123.48 160.2 358.68 322.85 21.60
1978-79 50.00 277.34 157.7 485.04 433.10 23.80

(a) = Depth of irrigation water applied at sowing,
(b) = Irrigation water applied later on and
(c) = Rainfall received.

The K-factor vulues thus obtained for three
years were again plotted against the per cent G S,
values in one graph and one best fit line was
drawn through the points and K-factor values
were read from it. The ET values were calcue
lated by using the evaluated K-factor values and
pan evaporation for three break-ups of the total
growth season (a), (b) and (c) for each year for
comparing with the actual ET values obtained
from the lysimeter study for deciding the suitabi-
lity of the evaluated K-factor values,

3. Results and discussion

Irrigation water was applied to lysimeters in
addition to the rainfall reccived in three years
as given in Table 1.

Table 1 reveals that 410.80 mm irrigation
water was applied in addition to 50.00 mm ir-
rigation water applied just after sowing and 86.0
mm rainfall water, making total water applica-
tion of 546.80 mm in 1976 - 77 with total growth
season of 126 days. As rainfall received was
only 86.0 mm during the grow th season of 1976 -77
total irrigation water applied was 460,80 mm ir;
addition to rainfall of 86.0 mm and actual ET
measured was 467.62 mm in 1976-77 for 126
days total growth scason. During the growth
season of 1977-78, the total irrigation water
applied was 198.48 mm in addition to timely
rainfall of 160.2 mm in 105 days making the total
water application of 358.68 mm and actual ET
measured was 322.85 mm. The actual ET of
322.85 mm in 1977-78 was less than 467.62 mm
in 1976-77 and 433.10 mm in 1978-79 because
of the total growth period of 105 days as com-
pared to 126 days in 1976-77 and 129 days in
1978-79. Similarly during the growth season
of 1978-79, the total irrigation water applied
was 327.34 mm in addition to rainfall of 157.70
mm, making the total water application of 485.04
mm and actual ET of 433.10 mm in total growth
season of 129 days. The wheat vields obtained
from lysimeters were 24.20, 21.60 and 23.80
quintals per hectare in 1976-77, 1977-78 and
1978-79 years respectively.
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TABLE 3

Estimated and actoal evapotranspiration values
for three years

Actual
Total BEstimated ET values for 3 break-ups ET
growth  of total growth season (mm)  value
¥ear period e ~ from
(days) (a) (b) (c) Avcrage lysime-
ter
(mm)

1976-77 126 487.86 480.51 497.16 488.51 467.62
1977-78 103 352.33 355.09 333.73 353.51 322.83
1978-79 129 388.78 399.99 379.76 389.51 433.10
Average 120 409.657 411.863 410.217 410.58 407.86

VALUE OF K-FACTOR

(a)=126 days (9 break-ups), 105 days (8 break-ups)and
» % 20 w W w ) 129 days (9 break-ups),
PEACENT  GROW T  SEASON ¥ (b)__,lzﬁ days (13 bmk—um), los days (ll break-ups)
and 129 days (13 break-ups) and
Fig. 1. Plot of per cent growth season ve K-factor (c)=126 days (7 break-ups), 105 days (7 break-ups)
valuzs for three years pzrivd and 129 days (7 break-ups).

i L i i " L

The K-factor values were calculated from ET

TABLE 2 and pan evaporation data for three break-ups

Values of K-factors evaluated from lysimeter stody (a), (b) and (c) of total growth season of each

year for three vears separately. These K-factors

X (29 values for 1976-77) were plotted against per

factor cent G.S of three break-ups in one graph and

Values of K-factors for years values best fitting c}lrvcfwas drawn thr:)iu%h the points

s 3 =y and values of K-factors were read from the best

197617 1977-78 197819 Average fit curve for 5, 10, 15....95 and 100 per cent
G. S. values.

e L Similarly K-factor values were obtained for

_;)‘.39 other two years 1977-78 and 1978-79 and thev

0.62 are given in Table 2 for three years and thres
; years average values of K-factors were obtained
0.73 as shown in Table 2.

a8 The K-factor values of three years as given in
0.96 ) . Table 2 were again plotted against per cent G. S.
1.06 values in one graph as shown in Fig. 1 and best
fitting curve was drawn. The values of K-factors
1.18 were read from this curve for 5, 10, 15
1.29 and 100 per cent G.S. values and they are given
T in Table 2. It was observed from Table 2 that
i the average K-factor values were very close to
1.56 the values obtained from the curve and in some
1.64 cases they were having the same values,
1.64
1.54

L for the three break-ups (a), (b) and (c) of the

1.06 total growth season of 1976-77, 1977-78 and

0.84 i 1978-79 years for comparison with actual ET
i values obtained from the lysimeters and they

0.62 : are given in Table 3.

0.33

-

For checking the suitability of the K-factor
values obtained from the best fitted curve, back
calculations were done for estimating ET values

L T - T - N = =

—

It is seen from Table 3 that the three years’

0.09 average ET value of 410.58 mm was very close
0.02 y to the actual three years’ average ET value of
407.86 mm., The three years’ average values of
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ET from three break-ups (a), (b) and (c) were
409.657 mm, 411.863 mm and 410.217 mm
respectively were also very close to the actual
three years’ average ET value of 407.86 mm.
The yearly average values of ET of 488.5]1 mm,
353.51 mm and 389.51 mm for 1976-77, 1977-78
and 1978-79 were also close to actual ET values
of 467.62 mm, 322.85 mm and 433.10 mm res-
pectively. Thus it was ascertained that the K-
factor values obtained from the curve were quite
suitable for estimating the ET values for Sonalika
wheat at Jabalpur.

4. Conclusion

The evaluated crop coefficient values of 0.47,
0.60, 0.73, 0.85, 0.97, 1.12, 1.28, 1.44, 1.56,
1.63, 1.65, 1.62, 1.53. 1.37, 1.15, 0.90, 0.66,
0.45, 0.25 and 0.10 for per cent growth season
of 5, 10, 15, 20, 25, 30, 35, 40 45, 50, 55, 60, 65
70, 75, 80, 85, 90, 95 and 100 respectively were
found quite suitable for estimating evapotranspira-
tion of Sonalika wheat at Jabalpur and nearby
regions. In absence of such data, these values
can be used for other wheat varieties having
about the same growth season for determining
the evapotranspiration values. The evaluated
crop coefficient factors for wheat crop are also
very useful for determining evapotranspiration
by the accepted methods such as modified Pen-
man and Christiansen methods from pan eva-
poration or climatic data for Jabalpur and nearby
regions for the purpose of scheduling irrigation
and planning irrigation systems in irrigation pro-
ject.
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