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ABSTRACT

A mathematical model based on the equation of conti-
nuity for soil-moisture variation under different
actual precipitation occurrence has been developed
using the physical possible relationship between the
crop-water requirement and the available soil moisture
condition. This hydrological model provides the direct
determination of soil moisture as a function of time
and corresponding water requirement by a specified
crop during a particular phases of the crop via the
soll water storage relation. The crop water require-
ment is a funection of crop-phase, type and density,
soil-moisture storage at root-depth, soil-nature,
radiation energy, vapour-pressure difference and
temperatures constrast. A mathematical model has been
put forward here for obtaining the soil molisture
storage explicitely as a function of the intensity and
distribution of the type of rainfall. Special simple
cases have been derived for this generalised analysis
for showing the cofrectness of the procedure followed

in this investigation.
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INTRODUCTION

The agriculture development in this regimé is largely
achieved by importing water from other areas for the over
all economic growth of the region. The use of arid and
semiarid lands is going on increasing day by day with the
increasing population for the food production, people
settlement and various other economic activities. The
inadequate precipitation, groundwater and surface imported
water are the sources for the all round agricultural deve=-
lopment over these regimes. The full consumptive water
requirements of crops in a field for achieving maximum
average yield can be obtained only by knowledge of various
agrometeorological parameters in the different stages of
the specified crop. The available water potential in the
different stages of the specified crop. The available
water potential in the form of precipitation over any farm
in these regimes is highly inadequate for sustaining the
erop life and also possessing a very high coefficient of
variation with respect to time and space. ,K Therefore, the
gituation over the regimes can be improve by providing
better predictive value of precipitation.

Here we have attempted different case studies for suitable
planning of available water resources over farms at Jodhpur
and Rajkot by adopting the soil moisture balance equation
coupled with water balance equation for determining the
decadewlise soil moisture variation for the crop Bajra 104
in the field. The input over the field is the precipi-
tation while the output are the various loss factors like
DSRO, AET, LI, I, C of the farm area. The percentages of
different loss factors have been evaluated on the basis of
a few recorded data over the farms for finding the required
irrigations over the farms.

Guha (1986) discussed the various aspects on the decision
of farm level water-management for the arid and semi-arid
crops by utilizing the soil moisture balance equation.

Guha and Ballal (1986) obtained a mathematical model for
the AET estimation for the crop kharif paddy in relation

to various agrometeorological parameters viz. Py, R and Ts
Guha and Day (1979) obtained a statistical simu%atign model

for the evaluation of direct surface run-off (DSx0) in
connection with heavy rainfall. Similar works in this line
can be had in Guha and Das (1983), Guha (1984), Guha (1985)
Guha (1977,1978), Yao (1969) and T

among the others.

hornthwaite et al(1939)




METHODOLOGY

It is the well known f:zct that these regimes possess the
special characteristics of highly erratic special and
temporal variations of rainfall which is the main source
of water resources for different crops. The Table I shows
the year to year variation of precipitation during the
crop span life. It is to be noted that the precipitation
for the crop-l1ife span is only to be considered other than
annual rainfall which has, infact, no bearing on the crop-
growth.

TASLE NO.I

Decadal rainfall variation yearwise(mm)

_—_...—--—————--—-—-_.——-p—-——_-----—---.-a--—-—-—————-——_——--—-—--—_._..

Yr. D
1 42.7 39-7 00-0 - 604 50-5 48.8 2.2 19003
27.5
2 78.5 70.6 215.3 - 43.7 00.0 81.4 12.0 501.5
71.6
3 11.7 00.0 18.8 - 24.3 74.9 12.5 259.7
117.5 37.1
4 3104 5902 O-O . 005 702 27.2 49-9 175-4:
25.1
5* 00-0 5007 00-0 - 0000 00.0 5603 18.5 125-5
17.9
6 43.3 00.0 00.0 = 30.2 0.9 10.8 8.7 93.9
13.4
7 609 OO-O 5.4 - 94.3 3.0 00.0 37.4 147-6
zl.0
8 00.0 OO-O O0.0 = 00!0 0000 0000 00-0 00-0
00.0
9 00.0 OOIO 00.0 - 2.2 00.0 OD.O OO-O 202
0.31
10 o TR (N v R
TTlotal  214.5 220.2 239.5 - 239.8 140.5 130542
Total 214.5 22 T 542.0 6. 46
c . 22002 23.9 - 2400 14005 15.41 22‘15
Mean Gle® 34.20 130.52
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It is to be noted that the initial rainfall is very high
and going on decreasing with the crop-life and the short-
fall in the rainfall starts from the 5th decade i.e.during
the flowering stage. The total rainfall vary from 114 mnm
to 342 mm with the mean rainfall 221 mm leading to the
high value of coefficient of variation.

The table shows yearwise decadal variation of consumptive
use of water by the crop BJ 104 for the field Jodhpur
during life span of the crop. It is to be mentioned the
crop under conslideration is having low water requirement.

TABLE No. II

Yearwise decadal variation of evapotranspiration(mm)
Station : Jodhpur

——-—-—————---———--—-—.——--—---.———-_—-——-.-.-————-—--——-—.-—,_........__

Year

—-———--.-a——--—--—-—_---_-———-_————-__---—_-----——_—-------_.’._

1 3.7 3.5 2.8 - 3.1 2.4 1.9 0.8 13.2 2.6
2 3.9 2.3 5.4 - 2.6 2.2 2.0 1.0 19.1 2.7
3 4.1 2.5 5.0 - 3.6 3.3 1.7 1.1 21.3 3.0
4 5.8 5.3 4.6 - 6.8 6.1 2.3 2.6 33.5 4.8
5 7l 3.5 4.2 = 4.4 9.2 3.5 3.8 86.1 5.1
6 6.4 3.3 5.6 - 2.2 2.3 4.8 5.5 30.1 4.3
7 4.8 3.5 4.0 - 3.3 1.2 5.2 7.3 29.4 4.2
8 1.1 4.1 0.8 - 4.2 0.9 4.7 2.8 18.7 2.7
) 0s7 846 08 = 36 = L1.10.5 6.8 i.5
10 = 18 = = 13 = = 04 27 0.9

Total 37.6 32.4 32.4 - 36.2 27.6 218.0 31.14

27.6 25.5
Mean 3.7 3.2 3.2~ 3.6 2.7 2.7 2.5 22.8

D D D D S S D e T T S S e

The AET for the first three decades can be considered as the
reference PET for the crop as there is no dearth of SM during
this period on the average due to sufficient distribution

of rainfall. The average efficiency - factor for conver-
sion rainfall into AET is given by

B =ML 4 100

=1§é§*g x 100% = 16.7%




The depletion of precipitation over the farm is manifested
by water balance equation viz.

P = DSRO + AET + I + A(SM) + L +9

AET. is one of the loss factor of precipitation over the
farm during a specified period. All other loss factors
are to be computed for proper management of farm water-
resources for that period.

The soil moisture variation.
The SM-variation during a specified period is
81 =81 -1+P1- (AET) 1
i.es ( AS)L =P1i = (AET) 1 veee (2)

The average decadal SM variation is given at Table I1I
assuming an arbitrary initial SM storage which is not
affecting the required time variation of SM in any way.
The SM at different rooting zone is given by

SM (D) = (FC - WP) X D.
ET=PXEF X-ch- eene (3)

TABLE NOo. III
Decadal Soil Moisture Variation

Crop BJ - 104 ' Station : Jodhpur
____________________________________________ IRRIGATED _______

Decade/ 77 78 79 80 81* 82 33 * 84

yr

1 + 5.7 +4.7 - 28 - -24.,6 +26 29.8 1.4

2 +45-2 +51-6+133-3 e - 6-9 +405 91-2 3-4

3 +15.9 +28.6+102.1 - -18.6 46.4 +191.7 42 .4

4 "'1007 +34.-8 56|1 - "88.1 "‘6.4 +19507 3409

5* -81-7 +5005 14.1 - "13201 ""98.4 223-0 "'6.3

6 "102-7 +l7 -5 -3109 - "'123-9 "lllo4: +113.8-41-9

7 -143l8 '-1705 "'66-5 - . 62.6 -’112-4"’86.8 -69 -9

8 -154-8 -59-5 -10805" "104:.4 -113-4 75.8 "74-9

9 "'161.8 89.5 "13805"' "13804 - 2 -7509

10 - =102.5 =151.5= ~141.°9 - -

-.-—-——--—-—-———-——-——-————————..-_m.--. ..-———w——-———--—---—----——--n—-

Dates of sowing and harvesting
9.7 14.7 21.7 o4,7 24.7 7.7 7.7
to to to to to to to
30.9 17.10 16.10 6.11 9.10 5.10 10.10

-—-——-——_——_—-——————-———————————--—————-—-————....——u———_o—._-.————.-

- --——-——_-————-.—--———--—— ———-——————--q—-——--—-- -




It is to be noted that there is not much yearly variation

AET due to the-irrigation.
definitely depends on the deficit of Si.,

The amount of irrigation
The AET is a

function of crop-stage, soil-moisture in the rooting-zone

and radiation.

The farm is such that it generally suffer

from moisture, stress except during the initial three

decades when the crop-water requirement is very-less. But

during the high crop water requirement the farm is recei-
-ving very less precipitation for meeting the required

consumptive use.

irrigation facility from 4th decades.
that entire irrigation water cannot pe utilised by the crop
due to the presence of various environmental less-factors
like surface-cvaporation, runoff, infiltration beyond

rooting 2zone.

Temperature condition

Consequently, the farm needs a permanent
It is to be mentioned

There is practically no significant temperature contrast

during the different decades of tne crop life-span.

The

table IV show the temporal temperature variation for the
same crop of different years.

Crop BJ 104

Decade/ 77 78 79

-..tear _ __ __ .
1 28.7 27.0 31.9
2 30.1 28.5 30.3
3. 28.3 30.2 28.4
4 28.5 29.4 28.3
5 29.5 29.5 29.7
6 29.3 27.4 29.8
T 28.4 28.7 30.8
8 28.9 29.5 29.3
o 20.7 29.2 26.7

TASLE NO. IV
Decadal variation of thermal field

80 81
- 29.6
- 29.8
- 29.7
- 29.3
- 30.8
- 32.0
- 29.6
- 28.4
- 29.1

Station :

31.4 30.7
2.6 31.2
31.3 23.8
28.6 28.9
28.8 27.8
29.1 28.5
31l.2 27.2
31l.2 29.6

Jodhpur

[ p——————— Al i e D R B e e e e ]

430.4 31.1 213.8

30.5
211.4
30.2
207.0
29.6
204.8
29.3
207.7
29.7
205.5
29.3
205.4
29.3
202.6
2349
200.8
28.6



Therefore, under the same therual regime, ¢ghe yields of
the farm are varying due to management and precipitation
i.e. there is no impact of temperature for the crop-yield.

Evaporation Field

Evaporation is a function of temperature gradient and wind
on the -surface and as the temperature field is practi-
cally constant over the farm, it can be presumed that
there must not be any signif{cant evaporation difference
during the crop life-span. The Table V support the above
statement. ‘

TASLE NO. V
Decadal Evaporation Variation

D e S S e PR S s T TS ) YD TR M G OGRS GRS D NS AR SN D MNP D SR M U M D Ge R R G OO0 M M3 SO G D D R e D D S WD S D S PR O

2

3 4.8 83 5,0 = 6.2 5.1 5.7 9.2 44.3 6.3

4 6.7 7.2 79 = 7.5 6.4 6.9 5.5 48.1 6.9

5 8.3 6.4 8.6 = 8,7 7.6 3.85.1 48.5 6.9

6 7.2 7.4 8.2 = 8,9 7.7 4.9 5.1 49.5 7.1

¥ 74 7.2 9.1 = 7.1 8.5 5.3 5.8 50.4 7.2

8 6.8 8.8 Be3 = 6.3 6.9 6.8 5.2 48.9 7.0
9

8.5 7.7 2L = Tl e 71 7.7 45.6 7.6
10 - 8.2 - -~ 7.9 - = 7.5 23,6 7.9
Total 61.6 73.1 63.9 = 75.7 56.8 58.2 70.1 =~ -

[ ———————————————————— e L T L L

The result shows that there is no significant change in
the evaporation during the crop-life span.

Relationships

The relationships among the various agro-meteorological
parameters are furnished in the figs. 1,2 and 3, It can
be visualised that there is a lag between rainfall maxima
and AET. It is not necessary that PE be maximum when AET
is maximum. The relationship between AET and PE is
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non-linear and not linear as used by many authors. It can
be seen that low value of AET is at high value of Puythere-
fore the expected relation will be of the type,

AET x PE = Const sceoe (4:)

The relationship between AET and precipitation is of
exponential type and, in fact, high AET has been observed
for the low rainfall values.
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