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Rainfall Pattern 
and Monthly Forage Yields in 

Thal Ranges of Pakistan1 

CH. M. ANWAR KHAN2 

Range Management Officer, West Pakistan Forest 
Pakistan Forest Institute, Peshawar. 

Service 

Highlight 

The multiple correlation and multiple regression between 
monthly forage yield of dhaman (Cenchrus ciliaris Linn.) 
and the four factors of the amount of monthly rainfall, 
the number of rainy days in the month, the amount of rain- 
fall during the previous month and the month of the 
growing period were positive and highly significant (0.01 
level). The same multiple relationships for karera 
(Elyonurus hirsutus Vahl.) were significant only if rainfall 
during the previous month was not included. There were 
highly significant positive correlation and regression rela- 
tionships between forage yield and monthly rainfall, for 
both species. For either species, positive significant correla- 
tion existed betwen monthly forage yields and number of 
rainy days. Dhaman was more responsive than karera to 
all three rainfall factors involved. 

Vegetation and its related biological processes 
are the products of a complex of interacting en- 
vironmental factors, forces and conditions that 
function in “Time” dimension. Fortunately a 
small number of principal environmental factors 
permit, within a reasonable limit, an inference 
about the vegetation and its attributes. Thus Hold- 
ridge’s (1947) 1 c assification of world vegetation and 
life zones was based on precipitation, biotempera- 
ture and evapotranspiration. This is particularly 
true in a desert ecosystem where moisture is prob- 
ably the most critical factor determining the pro- 
ductivity. Accordingly, in this study the rainfall 
and its pattern were considered as the principal 
environmental factors. Dew, if any, was immea- 
surable. Ground water table, being at a depth of 
40 feet, was not available to grasses. 

The importance of precipitation and its timing 
has also been reported by Mueggler (1967). The 
production was 43% greater in 1964 than in 1963 
and 14% greater in 1965 than in 1964. This in- 
crease was correlated with increases in precipitation 
both before and during the growing season. 

lThe research work constituted a part of Ph.D. Thesis sub- 
mitted by Dr. Ch. M. Anwar Khan to Range Management 
Section and graduate School of the University of Wyoming 
U.S.A. in 1968. Received November 5, 1969; accepted for 
publication June 1, 1970. 

2Author acknowledges with thanks the guidance provided 
by Dr. Morton May, Professor of Range Management 
University of Wyoming, U.S.A. Thanks are due to 
Statistics Department of Agriculture College, University of 
Wyoming for help in analyses of data. 

Thal Ranges 

These desert grasslands or desert savanna (Fig. 
1 and 2) lying between 30” and 33”N latitudes 
and 7 1 O and 72 “E longitudes occur on an older 
eolian deposits of sand, deposits of extinct streams, 
and longitudinal and complex dunes system with 
medium textured soils in valley flats. They are 
characterised by monsoon rains (July-September) 
while a little amount of rain may come in spring 
(Tables 1 and 2). 

Excepting the months of December and January 
when the minimum may fall below 32 F, the tem- 
peratures are reasonably conducive to plant growth 
(Khan, 1968). The normal growing periods include 
February-April and July-September. Favourable 
moisture conditions may extend both the growing 
periods. 

Procedures 
The study was designed to determine relationships, if any, 

between monthly forage productions and 

a) rainfall during the month, 
b) rainfall during the previous month, 
c) number of rainy days during the month, and 
d) month of the growing period. 

The monthly yields data for dhaman were collected 
in Dagarkotli and Kheriwala areas of Thai and those for 
karera were collected in Dagarkotli and Chubara areas. 
Dhaman sites (Fig. 3) in both projects had been reseeded 
in July 1964. The karera sites in Dagarkotli (Fig. 4) and 
Chubara projects were reseeded in August 1962 and July 
1963, respectively. The site in each case was characterized 
by a uniform, flat topography lying between sand dunes. 
The soil on these flats was uniform sandy loam. 

At each experimental site six 9.8 ft x 9.8 ft plots were 
permanently selected and marked with six inch iron nails. 
Each experimental unit had a uniform border of 1.1 feet. 
The entire area was fenced. Thus there were 12 plots 
clipped at monthly intervals for each species over two years 
period. 

The experiment was started on February 1, 1965. The 
final clippings for the first year were made on October 1, 
1965. All plots were rested through the winter and a sub- 
sequent clipping was made on February 1, 1966. The 
monthly clippings were continued through second year and 
the study was terminated on October 1, 1966. 

The clippings of any particular plant included all vegetal 
parts, green or dry, above the stubble height of two inches. 
The clipped material was weighed air-dry in grams. The 
average of yields from six plots at one site was recorded 
as monthly yield for that month. 

To eliminate between-plot variability of basal area of 
plants the basal area of all plants in each plot was deter- 
mined on February 1, 1965. A metallic 9.8 ft x 9.8 ft grid, 
with 1,521 meshes of 3 inches 3 x inches each, was used for 
measurement of basal area (Khan, 1968). The yields were 
ultimately adjusted to the uniform basal area of 6.57% 
and analysed. 

Standard rain guages were fixed at each experimental 
site and daily data recorded throughout the study period. 

The partial and stepwise multiple correlation and re- 
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greaaion analyses were made between monthly h-age prop 

duclions and other four variables, for each species. The 
data for each spies over two years were combined for 
analyses. The significance for relationships was tested at 
0.05 level (significant) and 0.01 level (highly significant). 

Results 
The actual average percent basal area of dhamn 

was 4.94 and 2.89 in Dagarkotli and Kheriwala 
respectively. The respective figures for karera at 
Dagarkotli and Chubara were 4.05 and 1.51. 

The rainfall data and average air dry monthly 
forage productions for both species have been pre- 
sented in tables 1 and 2. 

Table 3 presents correlation matrix for dhaman 
and gives the measure of correlation among five 
variables involved. The rainfall during the month 
and number of rainy days during the month have 
highly significant positive partial correlation with 
monthly forage production. Though months of 
the growing period and rainfall during the previous 

Table 1. Rainfall (inches) pattern’ and averages air dry monthly forage yield (g) of dhaman (Cenchncs ciliarir) per 
9.8 ft X 9.8 ft plot, adjusted on the plant basal area of 6.57%, during 1965-66 in Thai, Pakistan. 

Year and 
Month Of the ,qmwing KBSO” 

place Factor FCb. March April Ma) J”“C ,“I? Aug. sepr. 

1965 
Dagar Kotli Rainfall 0.00 0.48 1.52 0.00 0.00 a.92 3.00 0.00 

Rainy day 0 1 5 0 0 6 2 0 
Yield 0.19 24.38 211.64 33.13 3.82 406.40 2lxi.08 182.84 

1965 
K. Wala Rainfall 0.50 0.48 1.52 0.00 0.00 2.47 3.62 1.28 

Rainy days 2 1 5 0 0 3 3 1 
Yield 38.21 18.83 315.94 3.23 0.00 206.71 O.OO 77.99 

1966 
Dagar Kotli Rainfall 1.28 0.15 1.77 0.32 0.7 1 5.98 0.38 1.13 

Rainy days 5 I 5 I I 6 I 2 
Yield 90.97 26.17 108.08 0.00 22.31 175.86 18.23 17.59 

19G6 
K. Wala Rainfall 0.49 0.33 2.27 0.00 1.94 0.85 0.00 0.00 

Rainy days 3 1 3 0 2 1 0 0 
Yield 41.49 0.00 28.73 0.00 88.82 40.25 0.00 3.89 

‘No rainfall was rcceiverl in October, November, I~ecember and Janoar). 
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months are positively correlated with monthly 
forage production, the correlation is not signifi- 
cant. 

In respect of their importance in contributing 
towards the monthly foray-e yield of dhaman the 
order of indmendent varkbles. in decreasim im- 
portance, wat the amount of k&fall durinp the 
month, number of rainy days during the month, 
rainfall during the previous month and the month 
of the growing period. 

The stepwise multiple correlation and regression 
coefficients between monthly forage yield of 
dhaman and all the four independent factors con- 
sidered were positive and highly significant. 

The positive partial regression coefficient for the 
monthly amount of rainfall was highly significant. 
The regression coefficient for number of rainy 
days though positive, was nonsignificant, When the 
above two factors were considered in combina- 
tion with the amount of rainfall during the previ- 

Table 2. Rainfall (inches) pattern’ and average air dry monthly forage yield (g) of karma (Elyonurus hiwutus) per 
9.8 ft X 9.8 fr plot, adjusted on the plant basal area of 6.57% during 1965-M in Thal, Pakistan. 

1965 
Dagar Kotli Rainfall 0.00 0.48 1.52 0.00 

Rainy days 0 1 5 0 
Yield 0.42 6.22 119.37 88.ZF 

1965 
Chubara Rainfall 0.50 0.48 1.52 0.00 

Rainy days 2 1 5 0 
Yield 24.69 61.41 200.45 151.68 

,966 
Dagar Kotli Rainfall 1.28 0.15 1.77 0.32 

Rainy days 5 1 5 1 
Yield 69.Gl 41.19 130.06 7.01 

1966 
Ch”bW;l Rainfall 0.44 0.37 1.74 0.00 

Rainy days 3 1 3 0 
Yield 0.00 39.41 0.00 4.32 

‘iv” rainfall was received in cmoller, xoucmtxT, December and Janoar). 

0.00 8.92 3.00 0.00 
0 6 2 0 
6.12 298.89 171.56 100.49 

0.00 4.31 
0 3 
0.“” 353.17 

0.71 5.98 
1 6 
8.82 51.26 

0.98 1.91 0.00 0.42 
1 3 0 1 

339.97 149.82 0 3.25 

2.62 1.30 
2 1 
0.00 196.44 

0.38 1.13 
1 2 

13.77 8.50 
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Table 3. Correlation matrix for dhaman (Cenchrus 
cilia&s). 

Rain- Rain- Monthly 
fall fall pre- No. of forage 

during vious rainy produc- 
Variables month month days tion 

Month of growing 
period: 0.23 0.44* -0.15 0.16 

Rainfall during 
month: 0.02 0.74** 0.70** 

Rainfall previous 
month: -0.19 0.14 

No. of rainy days: 0.69** 

* Significant at 0.05 level. 
** Significant at 0.01 level. 

ous month, or the month of growing period the 
only significant regression coefficient was for num- 
ber of rainy days during the month. The partial 
correlation between monthly yields and factors 
not entering into regression at any of the above 
steps of regression were nonsignificant. 

The standardized regression coefficients for the 
rainfall during the month and number of rainy 
days were 0.437 and 0.359 respectively. The stan- 
dardized regression coefficients for all the four in- 
dependent factors, in their order of decreasing im- 
portance were: the number of rainy days during 
the month (0.506); the amount of rainfall during 
the month (0.306); the amount of rainfall in previ- 
ous month (0.197); and the month of the growing 
period (0.079). 

Based on the two most important rainfall factors 
the regression equation for dhaman, therefore, is as 
follows: 

Y = 8.36 + 24.00 X1 + 19.52 X2 
Where: Y = monthly air dry forage yield of 

dhaman in grams per 9.8 x 9.8 ft area 
or = pounds of air dry forage yield per 

acre based on plant basal area of 6.57 
percent 

X1 = amount of monthly rainfall in inches 
X2 = number of rainy days in the month. 

The standard error of estimate is 72.6 lbs./acre, 
with coefficient of determination (r2) as 0.55. 

Table 4 presents the correlation matrix for 
karera and gives the measure of correlation among 
five variables involved. The rainfall during the 
month and the number of rainy days in the month 
have the highly significant and significant positive 
partial correlation with monthly forage production, 
respectively. Though months of the growing 
period and rainfall during the previous month are 
positively correlated with monthly forage produc- 
tion, the correlation is not significant. 

Table 4. Correlation matrix for Karera (Elyonurus 
hirsutus). 

Rain- Rain- Monthly 
fall fall pre- No. of forage 

during vious rainy produc- 
Variables month month days tion 

Month of growing 
period: 0.26 0.46** -0.13 0.18 

Rainfall during 
month: 0.01 O-73”‘* ()*4g4::3 

Rainfall previous 
month: -0.20 0.05 

No. of rainy days: 0.37” 

* Significant at 0.05 level. 
** Significant at 0.01 level. 

In respect of their importance towards the 
monthly forage yield of karera the order of in- 
dependent variables, in the decreasing importance, 
was the amount of rainfall during the month, 
month of growing period, number of rainy days 
in the month, and the amount of rainfall during 
the previous month. 

The stepwise multiple positive correlation coef- 
ficients between monthly forage production of 
karera and other factors were significant only if 
rainfall during the previous month was not in- 
cluded. 

The analyses of variance for the stepwise mul- 
tiple regression indicated that monthly amount of 
rainfall has a highly significant positive regression 
relationship with the monthly forage yield of 
karera. The regression relationships between 
monthly yield and the amount of rainfall plus 
month of growing period, and the foregoing two 
factors plus the number of rainy days were sig- 
nificant. In the presence of a fourth independent 
variable, the amount of rainfall during the previ- 
ous month, the multiple regression though posi- 
tive was not significant. 

Only the positive partial regression coefficient 
for the monthly amount of rainfall was highly sig- 
nificant. The partial correlation between monthly 
yield and factors not entering into regression at 
any of the steps of regression were nonsignificant. 

The standardized regression coefficient for the 
monthly amount of rainfall was 0.491. Consider- 
ing all the factors simultaneously, the standardized 
regression coefficients in their order of decreasing 
importance were: the amount of monthly rainfall 
(0.409), the number of rainy days in the month 
(0.085), the months of growing period (0.075), and 
the amount of rainfall during the previous month 
(0.025). 

Based on the single most important rainfall 
factor the regression equation for karera, there- 
fore, is as follows: 
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Y = 45.84 + 23.23 x1 

Where: Y = monthly air dry forage yield of karera 
in grams per 9.8 ft x 9.8 ft area 

or = pounds of air dry forage yield per 
acre based on plant basal area of 6.57 
percent. 

X1 = amount of monthly rainfall in inches. 

The standard error of estimate is 81 lbs./acre, with 
coefficient of determination (r2) as 0.24. 

Discussion and Conclusion 

It is evident that for monthly forage productions 
of dhaman as well as karera, the amount of monthly 
rainfall is of the utmost importance. The number 
of rainy days during the month is also of great 
importance. Though rainfall during the previous 
month had a positive influence, the effect was not 
significant. The climate and the soil factors tend 
to minimize the residual effect of rainfall during 
the months February to September. 

The low correlation with the month of the grow- 
ing period, emphasizes the importance of rainfall 
in these rangelands. The rainfall, not the tem- 
peratures (characteristic of months), is the limiting 
factor in these desert summer ranges. 

A look at the standardized regression coefficients 
for both species allows for a comparative apprecia- 
tion of dhaman and karera vs the four independent 
factors considered. In relation to the dependent 
variable of monthly forage yield dhaman was more 
responsive than karera to all three rainfall factors 
involved. Both species responded similarly to the 
month of the growing season factor. 

The response pattern for each species is also of 
great interest. For dhaman, the amount of monthly 
rainfall was relatively twice as important as the 
number of rainy days in the month, three times as 
important as rainfall in the previous month, and 
seven times more important than the month factor. 

For karera, the amount of monthly rainfall was 
five times more important than the number of 
rainy days as well as the months factor and 16 
times more important than the rainfall of the 
previous month. 

The study indicates the primary importance of 
monthly rainfall and number of rainy days within 
the month rather than month of the growing 
period or rainfall in the previous month. The 
forage availability will thus follow the usually 
predictable pattern of monsoon rains and warrant 
a planned grazing program. Total annual rainfall 
being restricted primarily to about four months 
(July, August /September and March/April) the 
active growth period of grasses follows the same 
pattern. This fact shall help devise a grazing pro- 
gram in tune with physiological requirements of 
two major range grasses. 
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