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~ utilization for exploiting the agricultural potential
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drought, or from both in a single year, is not

ply (dg) with the potential plant water require-

. ment (Pg ) can be of great use in crop p >duction’
~ aspects. Some of the relationships b... 1 Az

~ and Pp have been earlier reported by Lemon
- (1956), Holmes and Robertson (1959), Van

(1958), Hide (1954). Baier (1959)
_examined the five different types of

i the soil moisture observations are not available

~for comparison, the linear relationship between

~ Ima and available soil moisture appears to be

o Holmes arid,i‘Robéftsonf (1963) ‘atfempﬁeti to

- and

arid or semi-arid conditions. Major (1963)
considered the relationship between the two as
the key to the distribution of zonal vegetation,
- with soil and topographic anomalies responsible

~for the occurrence ‘of zonal types. Zahner and
~ Stage (1966) applied the relationship to esti-
' mate daily moisture stress on trees and resulting
. effect on growth. De Wit (1958) used In4 to
~ explain yield variations in crop plants. Albrecht
~ (1971) stated Ima as the best correlated with
- yield of the practically available indices of the
~ moisture factor in the climate, and the one most

‘nearly representative of the ooperations of the

op ,i];féiy,l‘u,r‘e resulting  from flood or

~uncommon in Punjab and Haryana, and there-
fore, the functional relationship of moisture sup- .

5), Thornthwaite and Mather (1958),

between available soil moisture and
ratio  (Iym4), and concluded  that,
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-~ ABSTRACT. The moisture adequacy indices, the ratios of actual evapotranspiration to the potential
- evapotranspiration, have been found to follow: closel
- Beta distribution to the moisture index {frequency distribution was tested using the Kolmogorov-Smirnov
- test for 144 station-months and 36 seasonal curves, '
" The ‘probability distribution of moisture ‘adequacy indices ‘has been further used to assess irrigation
- Tequirement, optimum evapotranspiration, water management, land-use pattern and crop planning aspects Y
- for optimum utilization of available natural resources in the region. : G :

y the Beta distribution. The goodness of fit of the

25 moisture adequacy curves failed the K-S tests. -

- moisture factor in plants. Therefore, Iy;4 becomes
an obvious choice for use as a tool for explain-.
ing or for exploiting the agricultural potential.
Subrahmanyam et al. (1963) correlated the dis-

tribution Zng4 for the spread of rice, wheat and

jowar over India. Yao (1968, 1974) indicated
the moisture adequacy index as a measure of

~ plant water requirement to estimate the agricul- ‘

\tural potential.

indices have been shown to follow the Beta dis-
 tribution and how these can be utilized for irri-
gation requirement, optimum evapotranspira-
tion, land-use planning and formulating better
cropping patterns to make best use of available
natural resources. [UEI s E -

2. Data used

5 “The monthly‘ Ina values were determined

- utilizing Thornthwaite and Mather (1955,
1957) approach using climatic variables for the
following stations for the period for which data
was available ' from the India Meteorological

- Department, Pune. e ‘

Station Period of

data used

(1) S 2
Pathankot 195276
~ Ludhiana, Ambaﬁa, Hiséar, New Delh1193376 g

- In the present papér,» the;,mqi‘é,turei;'adequaﬁcy.
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(1) N (2) In order that the function B;(p, g) may re-
I : present a cumulative distribution of a variable x
Ferozepur, Karnal 1950-76 over rar;ge 0 <b X< 1}, Bz (PE1 qzl’ls ddl_Vldcd lbty
' ‘ B (¢, ¢) to obtain the standardised incomplete
Chandigarh 1954-76 Beta function ratio as:
i - X
Sriganganagar 1937-76 o)) T+
I (pg) = 22D — PTD | p—1(1—gye-t e
Alwar 1956-76 e\

3. Beta function

‘The incomplete Beta function is delined by :

X

Ba(p. q) = f (1 —¢) Tt dt

0

For x=1, the complete Beta function :

T Bpa) 1“(10)1‘(9)0 '

where p. and g are two positive parameters. This
distribution function represents a two parameter
family of distributions and tables are provided
(Pearson 1934) for various p and g values.

The estimates of the parameters p and ¢ of
the Beta distribution came from the first two

moment coefficients as given by Pearson
(1934):
p= p (g — ')
(B’ — 1)
g =) (o — )

(B’ — %)
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The estimaters for p;" and p, are y,’ and
Sl o
~py'  respectively,
where, :
A om
Com = 2 Tyuln
AR '\i‘::l
A i ~2‘
pe' = & Iyaifn
: 1= .
nr ‘ZSimpson’s,irule: of approximation provides the
-probabilities under the Beta distribution. -
The basic characteristics of 74 index and
the Beta distribution are similar. The variables

X and Im4 both have a range from 0 to 1 and

are continuous. in this range. Beta distribution
has two positive parameters, which determine the
shape of the curve, while the distribution of

Iysa may also be regarded as a distribution

characterized by two factors, moisture supply and
moisture demand. These analogies suggest that

the Beta distribution can be suitable probability

model for the variability of Iy4. This hypo-
thesis is supported by Yao (1969) studies and
data examined in this paper for northwest Indian
region. - ‘ ‘ ' :

4. Moisture adequacy index curves

The frequency distribution of Ja values was

_plotted against the Beta distribution curves com-
~puted as described above for monthly and sea-
values. The seasonal Iy, values were

computed by dividing the accumulated values
of A and Py during the rainy (July to Septem-
- ber) and the winter (October to March) seasons
for the 12 stations under study. The T4  values
_were also computed.for the -rainy season fallow

Figs. 1-3 respectively. el
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soils (conserved soil moisture status) as it is uti-
lized for winter crops due to the. erratic nature
of rainfall in this region; in the southwestern
region of Punjab and Haryana, this is a common
practice. Therefore, the accumulated soil mois-
ture storages were computed from  daily rainfall
amounts utilizing Bishnoi (1975) method and
then recomputing the 4 g values by Thornthwaite -
and Mather (1955) procedure. These 36 sea-

~ sonal Iy, frequency curves were also found to

follow closely the Beta distribution.” A few

‘monthly and seasonal I»a frequency curves and

Beta - distribution curves —have -been plotted in

6. Agricultural resources. utilization : Methodology

(a) Poterit\idl“‘crbp_ yields—The crop yields

~are found to have a close relationship to the

optimum evapotranspiration rate. Denmead and

‘Shaw (1962), Dale and Shaw (1965) have sug-

gested the moisture stress concept, in which the

days on which Pg is expressed as the per cent of
available soil moisture necessary to prevent plant
from losing its turgor. Therefore, it is necessary
to find optimum evapotranspiration level to retain

 ' turgidity of crop plants. Yadav (1973) and Raj-
- put (1977) have presented the data on I/ Cpg

rati_os for potential crop yields and the stage at
which irrigation becomes essential so as to avoid

. the substantial reduction of crop yields of various
crops over a good network of research stations
~in India in the I.C.A.R. coordinated Project on -

Water Management and Soil Salinity. Iy is the
quantity of irrigation water (water supply) and
Crp is the cumulative open pan evaporation
(maximum evaporative demand). The Iy | Cpgy
are the optimum  evapotranspiration rates . for
potential crop yields and critical evapotranspira-
irrigation are
uvial soils in
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TABLE 1

- Probabilities of getting Irr4 for optimum evapotranspiration
during the Kharif season

N

Probabilities of getting Im4 greater than or equal to

Station 0.6 0.7 0.8 0.9
—— A PR N A ———e e
k Jul Aug Sep Jul Aug Sep Jul Aug Sep Jul Aug Sep
Sriganganagar 17 4 8 11 37 17 6 30 6 2 1 4
Ferozepur 78 84 44 3 71 37 67 67 30 59 58 21
Hissar 48 71 64 41 64 60 32 56 55 23 45 49
Alwar 83 89 75 80 88 72 75 87 68 69 82 63
New Delhi 60 91 85 58 90 81 54 88 176 50 85 65
Amritsar o 63 82 46 55 75 40 ' 45 64 30 32 47 14
Patiala 93 90 78 76 89 73 66 87 67 50 85 59
Karnal 66 96 79 62 95 77 58 94 73 52 93 70
Ambala 92 95 86 90 93 82 88 91 78 8 88 73
Ludhiana 82 91 69 79 91 69 76 89 64 71 81 54
Chandigarh 100 99 98 99 98 96 97 97 91 93 95 80
Pathankot 100 100 97 98 100 96 97 100 95 95 100 90

TABLE 1(a)

Cropping patterns at various stations

Cropping Patterns

Station Throughout' the year Intensity of - f' Kbharif fallow—winter crops Intensity of +
cropping % under conseved moisture cropping

Pathankot (()1.’19\'1A) ({) C(i)?) &lz gs 165 }‘.’0 100 .
Chanigarh CEP IR G T B
Ambala - FTERR s 82 1 015 01 01 095 100
Ludhiana s 6082 0r P s o S 3% %
Patiala os o1 o3 o1 M W B S 8% »
Kamal os oY os os M oM 8 & >
Alwac o6 610 o4 S T S P %
New Delbi o 01 058 S Y S PR »' %
Amritsar 04 025 006 (I){.?s. 86 o0s 02 oo oo %
Hisear - 04 01 ? 8 0% "
Ferozepur 035 o1 ® 05 02 7
Sriganganagar - - ROs 45
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this region. These evapotranspiration rates are
_ given below : .

Evapotranspiration rates
T ;

Crops

A

r
. Optimum . Critical
! ,

S. W. monsoon season (Jul to Sép)

Moong & Cowpeas 0.6 0.4
Bajra I 0.7 0.5

" Jowar, Groundnut B 0.8 0.5
Maize, Arhar "0.9 ; 0.6
Paddy o 1.0 ~ 0.75

Winter season (Oct to Mar)

Taramira, Raya 0.4 0.3
Sarson 0.5 0.4
Gram : : 0.6 0.4
Barley, Desi Wheat 0.8 = 0.5

Wheat , 0.9 0.6

The probability of getting Iua greater than
their requisite values at the various growth stages
will reflect the level of optimum evapotranspira-
tion attained and thereby showing the potentiality
~ of growing various crops in the region.

(b) Irrigation requirement and water manage-
ment P , .

~ The probalities of getting Ju4 less than the
values of the critical evapotranspiration rates for
various crops during their growth stages will indi-
cate the essential irrigation requirement and also
~ decision on distribution of water for various crops
can be made so as to make the best use of avail-
able water.

(c) Land utilization and crop pldnning

The likelihood of waggr supply for crop growth
can be used to judge the degree of land utiliza-
‘tion with reference to its climatic potential. The
probabilities of Iua, for various levels corres-
ponding to the different crops mentioned above,

- will indicate the differences in crop-moisture con-
ditions during the growth period. These crop-
moisture conditions will reflect the differences in
agronomic practices, thus indicating the suita-

- bility, of crops in the region. The distribution of

crops has been decided with the seasonal probabi-

ding to Iua

-is given in Table l(a). ,
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lity levels of various crops with the following
criteria :

Seasonal ~
Iya  prod. of Crops
getting Inrg
(1 0.95 ‘90 Paddy (P) ;
2 0.9 70 Maize (M), Wheat (W)
(3 0.8 70 Barley (Ba), - Jowar (J)
Groundnut (Gr)
@ 0.7 50 Bajra (B) |
(5 0.6 50 Moong, Cowpea (KP)
Gram (G) :

(6) <0.5 50  Rabi Oilseeds (RO)

The criterion is also applied to the distribution:
of rabi crops grown under conserved stored
moisture of Kharif fallow.

The area under each crop is assigned accord-
ing to the assured probability levels correspon-
value in the individual months
during the growth period. If the assured proba-
bility levels for two consecutive Iy4 values are
not much - different, then the area has been
assigned for both crops as bracketed. The assured
probability level has been indicated as area under
that crop at the subscript. The cropping pattern

6. Results and discussion

(a) Frequency curves '

The K-S tests show that in 25 out of total
180 Iy, frequency curves, the absolute dis-
tance between the frequency curves and the
theoretical curves is significant different at 10/15 .
per cent level. However, in most cases including
monthly and seasonal periods, the frequency
curves resemble the theoretical curves with good
agreement and the hypothesis shows good pro-
mise. Therefore, knowing the behaviour of Inra

* frequency curves, the properties could further be

extended to understand some relations of plant

“water requirement and formulation of cropping

patterns.

(b) Potential crop yields ) =

‘The results of various experimental studies
(Sec. 5a) have indicated that the optimum evapo-
transpiration has close relationship }o,potpntml
crop yields. The probabilities of getting optimum
evapotranspiration, corresponding to the Iy
values of various crops, are given in Table 1 for
the S. W. monsoon scason and in Table 2 for the

winter season, Therefore, considering climatic
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TABLE 2
Probabilities of getting a1 for optimum evapotranspiration of Rab: crops
. Probabilities of getting M 4 €qual to or greater than 0.4,0. 5, 0. 6, 0. § and 0.9 during
Station g A N — —A - A
Oct Nov Dec Jan Feb Mar Oct Nov Dec Jan Feb Mar Oct Nov Dec Jan Feb Mar
>0.4 >0.5 >0.8
Sriganganagar 6 2 9 17 19 9 5 1 7 22 15 5 4 1 5 20 11 3
Ferozepur 11 25 26 69 41 37 6 18 23 63 38 29 4 13 20 59 30 23
Hissar 25 11 - 14 42 37 18 20 7 9 37 29 14 15 4 6 32 23 10
Alwar 63 36 26 37 32 4 61 35 20 29 24 I 58 16 15 23 18 1
New D:lhi 65 36 35 68 44 17 60 28 28 60 38 9 55 21 21 52 30 4
Amritsar 57 37 56 74 8 52 50 29 50 71 82 42 10 23 4 66 75 32
Patiala 57 44 51 79 81 43 52 35 42 75 74 79 45 27 33 70 66 18
Karnal 70 60 48 79 69 36 64 50 40 73 53 25 60 40 32 68 42 6
Ambala 70 47 47 77 83 52 63 35 37 22 i‘76 38 54 25 22 67 69 26
Ludhiana 57 30 42 77 75 59 52 22 37 72 70 50 46 86 32 67 T2 42
Chandigarh 84 61 71 8 82 68 78 30 63 84 76 55 73 39 54 81 68 45
Pathankot 94 37 76 9 100 94 91 77 72 94 99 91 8 56 66 93 97 19
>0.8 >09
Sriganganagar 2 1 2 12 5 1 1 o0 1 9 3 0
Ferozepur 1 4 14 46 15 11 0 1 1 38 7 5
Hissar 6 1 2 21. 11 4 1 0 0 14 5 2
Alwar 25 4 7 11 18 0 10 1 3 5 5 0
New Delhi 44 9 9 34 11 1 34 4 4 23 5 0
Amritsar 7 11 30 55 56 14 9 5 21 45 41 6
Patiala 30 12 i2 61 48 4 22 6 6 55 31 1
Karnal 48 20 16 53 20 4 40 10 8 44 9 1
Ambala 35 9 12 56 50 7 23 3 6 50 36 2
Ludhiana 32 7 23 56 51 24 23 3 14 50 42 14
Chandigarh 62 18 34 74 49 35 52 7 22 70 35 25
Pathankot 69 37 55 8 8 66 57 19 48 8 69 49
TABLE 3

factors alone, the ‘occurrence of conditions for
maximum crop yields are reflected by the proba-
bility levels for various crops in these tables. For
example the optimum evapotranspiration for
paddy is attained at Pathankot, Chandigarh and
Ambala; and for maize at Ludhiana, Patiala,
Karnal, New Delhi and Alwar. But the prospects
for rainfed paddy at Ludhiana, Patiala, Karnal,
New Delhi and Alwar are considerably reduced.
At Hissar, Ferozepur and Amritsar, only Bajra
and low water requirements Kharif pulses like
Moong and cowpeas can be successfully grown.

- The probability levels, given in Tables 1 and
2, also indicate the order of supplemental irri-
gation required to get potential crop yields if the
optimum evapotranspiration conditions are poor-
ly reflected for a particular crop under the pre-
vailing climatic conditions. Thus, these results
are also very helpful in designing the experiments
under irrigated conditions and managing the
available irrigation resources to get potential
crop yields, Desi wheat and barley have some

S.easonal prebabilities of 7 4 for optimum evapotranspira-
tion under conserved soil moisture conditions for Rabi crops

Probabilities of getting 7 i 4 €qual

Station to or greater than
A
0.4 05 06 0.8 0.9
Sriganganagar 48 31 18 3 0
Ferozepur 79 65 50 14 1
Flissar 78 67 51 20 11
Alwar 93 87 80 59 41
New Delhi 91 8 79 60 44
Amritsar 97 94 90 75 61
Patiala 96 94 920 79 69
Karnal 96 94 92 85 78
Ambala 98 96 93 84 75
Ludhiana 9% 92 88 73 59
Chandigarh 100 100 100 100 99
Pathankot 100 100 100 100 29




MOISTURE ADEQUACY INDEX IN PUNJAB e

TABLE 4 (ﬁ :

ration to estimate lrrtgatlon qu -
~ wheat dﬂring gro_ perld

<O 75 durmg

. Staiici)n‘ J

Sﬂganganagar
o E‘eruzepur

. Patiala
Kamal
Ambala /

- 'f}fChandlgarh .
o P tl{ankot

o P;ti”ala‘ k
: Karnal
‘Ambala ‘
Ludluana :
Chandlgarh
Pathankot

L Chaudlgarh 0 .
; Pathankot 0 0

Ambala, Patlala Ludhlan al Ar ing | :
-sar. Possi bﬂmes of taking a second crop ; Under the consarv I
. Hissar, ‘Ferozepur, Sriganganagar and Alwar are tial crop yields of wheat

very poor anc,i thgrefqre wintgr c,rops re grown, ; at Pathankot, Chandlg
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Ferozepur, Karnal, Patiala and Amritsar. Supple-
mental irrigations are required under stored
moisture at Sriganganagar, Ferozepur, Hissar,
Alwar and New Delhi.

(c) Irrigation resources

Based on the experimental results of various
studies indicated in Sec. 5(b) the values will
indicate the critical water requirement at the
various growth stages to avoid the substantial
loss in crop yields. To maintain the optimum crop
yields, the probabilities can be utilized to under-
stand the irrigation needs to assure ample mois-

- ture supply for optimum growth and these are
presented in Tables 4(a) to (d). Knpwmg_these
probability levels being essential for optimum
crop yields at various growth stages, the mois-
ture requirement at critical stages can be met
with the other resources of supplemental irriga-
tions. The irrigation resources can also be mana-
ged and scheduled according to variability of
these probability levels for various crops which
are suitable under existing soil and environmen-
tal conditions. For example at Karnal, Ludhiana,
Amritsar, New Delhi, etc, supplemental irriga-
tion is highly desired in July and September
months.

(d) Land utilization and crop planning

With the criterion described in Sec. 5(c) for
utilizing the various probability levels of water
supply to judge the land utilization pattern, the
crops to be grown in the order of preference at
each stations are given below.

The area covered under each crop has been
indicated as a subscript figure or for a number
‘of crops bracketed if the probability levels for
individual crops do not vary much. These sub-
script figures are the minimum assured probability
levels attained in the months during the growing
season so as the crops are not required to go
under moisture stress under the climatic condi-
tions. The crops satisfying optimum evapotrans-
piration has been given the main emphasis. The
area under subsequent crops indicated by the
subscripts has been taken as the assured increase
in probability level with respect to the first crop.
Adding up these subscript assigned areas will
indicate the intensity of cropping for optimum
evapotranspiration and the potential crop yields.
Pathankot, Chandigarh, Ambala, Patiala and
Karnal have more than 100 per cent intensity of
cropping. Only 45 to 50 per cent intensity of
cropping exists at Hissar and Ferozepur during
the rainy season, where as at Sriganganagar feasi-
bility of growing even low water requirement
crops is practically nil. At Sriganganagar, the
minor millets and the low water requirement
and drought resistant grasses can be taken. How-
ever, in the southwestern tract, due to higher
variability of rainfall, the optimum evapotrans-
piration conditions and intensity of cropping are

better reflected for winter crops under conditions
of stored moisture conserved during the rainy
season and therefore area under winter crops is
higher as compared to the crops grown during the
rainy season.

Acknowledgements

The author is grateful to Prof. V. P. Subrah-
manyam for kindly going through the manus-
cript and rendering helpful suggestions. The
author is also highly thankful to Council of
Scientific and Industrial Research, New Delhi
for sanctioning Senior Research Fellow at
Andhra University, Waltair during the period
1976-79.

References

Alberecht, J.C., 1971, Publication in Climatology, Elmer,
New Jersy, 24, 2, pp. 19-21.

Baier, W., 1969, Agri. Met., 6, pp. 165-177.

Bishnoi, O.P.,1975, Indian J. Met. Hydrol. Geophys., 26,
1, pp. 97-100.

Dale, R.F. and Shaw, R.H., 1965, Agron. J., 57, pp. 475-479,

De Wit, CJ., 1958, Landle, Veralagan Van Landbk. Or-
ders, 64, 6, pp. 1-88.

Denmead, O.T. and Shaw, R.H., 1962, Agron. J., 45, PD.
385-390.

Hide, J.C., 1954, S.S.S.A.P., 18, pp. 1-234.

Holmes, R.M. and Robertson, C.W., 1959, Mon. Weath.
Rev., 67, pp. 101-106.

Holmes, R.M. and Robertson, C.W., 1963, Transactions
of the A.S.A.E., 6, 1, pp. 65-67.
Lemon, E.R., 1956, S.S.A.P., 20, pp. 120-125.

Marlatt, W.E., 1958, M.S. Thesis, Rutgas University, New
Brunswick, N.J.

Major, J., 1963, Ecology, 44, pp. 485-495.

Pearson, K., 1934, Tables of incomplete to Beta Sunction,
Biometrika Office, University College, London, pp. 1-
494,

Rajput, R.K., 1977, Progress Report of Integration Pro-
ject and on Water Management and Soil Salinity,
1975-77, 1.C.A.R., New Delhi, pp. 1-100

Subrahmanyam, V.P., Subba Rao, B. and Subramaniam,
A.R., 1963, Berkely (California) Symp. of the Internat,
Assn. Sci. Hydro. (.LU.G.C.), pp. 462-467.

Thornthwaite, C.W. and Mather, J.R., 1955, Publications
in Climatol., 8, 1, N.J., pp. 1-104.

Thornthwaite, C.W. and Mather, J.R., 1957, Publications
in Climatol., 10, 3, pp. 1-311.

Thornthwaite, C.W. and Mather, J.R., 1958, Year Book
of Agric. 1955, U.S.D.A., pp. 346-358.

Van Bavel, C.H.M., 1955, Dept. Agri, A.R.S. North
Ca(r:olina, Agric. Expt. Station, Soils Dep., Raleigh,
N.C.

Yadav, J.S.P., 1973, Proc. on National Symp. on Water
Resources of India and their utilization in Agriculture,
Mar 21-23, TARI, New Delhi, pp. 344-368.

Yao, Y.M., 1969, Agril. Met., 6, pp. 259-273.

Yao, Y.M., 1974, Agril. Met., 13, pp. 405-417.

Zahner, R. and Stage, A.R., 1966, Ecology, 47, pp, 6474,



