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THE INFLUENCE OF RAINFALL ON THE COTION
CROP AT KOILPATTI*

By 8, N. VENKATARAMANAN, B.A , BSC, AgZ.,
HAssistantd i {Cotlon,

) Introduclory, The subject -of the weather and the crop dis receiving
consideralle attention in thesedays, and many aspecls relating to this problem
were 4:1:5-::1135&:1 more or less fully at the last Conference of Empire Meteorcle-
@istsin London. ‘While expressing the desirability of accumulating ‘more data
on fthe subject, it was 'resolved to examine :all present . records by Dr.
R. A, Fisher's * method:as aifirst step in the -statistical investigation :of ‘the
problem. “The following 4s -an analysis of the rainfall andithe -yields of the
cotton crop at Koilpatti by that method, from data kindly ;sg,mpji_e.ﬂ to -me by
Mr. V. Ramanatha Ayyar, Cotton:Specialist, Coimbatore.

Material. "This comprises the viclds of the past 21 vears on the black
soil at the Agricultural Research Station, Keilpatti, of Ilarunganni cetton after
fodder cholam -and after fodder cumbu. The vields are the awerages of the
weighed figures .of about 20 acres for the several wyears at that fanm, where
the rainfdll avas-also recorded. It may net be-out .of the place to mentionat the
outset, that frem fundamental considerations relating to the theory of random
grrars in the value of fhe multiple correlation -co-efficient emphasised by
Fisher, ieven 20 years are not enough to gange completely, the influences of
the weather elements and the crop. It has -been therefore decided to postpone
for the present, the @iscussign.on the true nature of the basic changes «in the
‘weather, as also of the crop, until more years of .data are accumulated. The
rélationships of the rainfall to the yield only are presented in this paper, in
so far as they are statistically significant from the twenty-one years of data
availdtile.

" Trend' influence on vield. Besides the local influences of whether meteo-
rological or uthmwme of each particular year, the wvields of crops are sub;ect
to a long time or ‘trend’ influence, and exhibit a certain periodicity in
their movements, which are to some extent determined by the position of the
year in the time, Sbries. These slow changes are the -result: of a number of
unknown causes, independent of the weather elements of each  year, but their
course is best expressed as shown by Fisher,” by a smooth polynomial curve
of time. " Such a cur'l.re of the 5th degree for the cotton crop at K-::-J,lpatu is
presented in Fig. 1., where, r&ckcrmng (#) from the middle of the series of vears
examined, the course of the vield (y) in pounds per acre, can be expressed by
the following equations: '

Y (after cumbn)

Il

377599 —15-872t + 1-635t* -- 1-146t° — 0-0264t"
| —0-01175t%,
Y (after nathu) = 332517 —5-154t + 0-0484t" + 0-5377t'—0-0107t,
—0-00625¢°,

* Paper read at the Meeting of Economic Biologists, Lawley Road on the 20th June 1930,
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POLYROMIATS OF VIELDS OF COTTON KOILPATTT SHOWINE TRERD INFI.UEFEE

It will be seen that the yield exhibits periods of high crest in the yeass
1916-19 and again in the years 1925-26, while one before 1908 is also
indicated. The course of the yield is more or less similar in time for cotton
alter cumbu and after cholam, but in the former case the yields are slightly
higher ; a fact in keeping with agricultural experience. The actual vields
represent the excess or defect of the annual effects over these polynomial
figures. Much of the variance in yield, can be traced to this ' trend ’ influence
(Table 1), but, the effect is exaggerated due to the limited years of data, and
require some more study for complete statistical estimation. It is however
worthy of note, that the cotton crop at Koilpatti is passing through a period of
depression n yield, in the past few vears, from which it will take some time
to recover,

In judging the effect of rainfall on the yield, we have to eliminate from it
the: effect of -these slow changes, which take place independently of the
weather elements, This. is athematically done by fitting the vyields
biorthogonally to-2 polynomial of time and correlating the deviations of the
actual values fron.the polynomial fitted.



400 The Madras Apricrdtuwral Jowrnal [Vol: xvitri No: 8
The distribution of rainfall in relation tﬁ ]rie"li:i

In correlating the yield with the rainfall, it is essﬂnhal to present the
effect not only of the quantity of rainfall, but also of its ﬂtstnhutmn Ttisa
well known fact that the rainfall at different periods of the year, haye different-
cffcets on the crop, and also that the same quantity of rainfall p_reelpltahng
itself on a-single day, will have an effect different from that which it will have,
when it is distributed over 2 number of days. In judging therefore, the effect
of rainfall, what is most important to consider, is the distribution of rain. ' To
give effective representation to this, the rainfall of each year is' fitted to a
" curve, and the values corresponding to the moments of these curves (given in
Table 1) are correlated with the vield.

The regression integral. For the above purpose the year is ﬂzwdhd into
several periods of rainfall. The yield (v) can then be expressed by the
ordinary regression method by an equation of the form.

Y=a+b r+b 1 i so Fhate Cuon (D)
where 1y, 13,, .1y are the rainfall in inches of the " n ' subdivisions of the vear and
by, by, . by are the effects, positive or negative, of each inch of ramfa]l in nmmds
per acre on Llhe y;el& These latter values are the parhal regression co-
efficients, As ‘n’ is increased the labour involved in- their computation
becomes insurmountable. To overcome this difficulty, Fisher has iniroduced
the conception of a regression integral which has the advantage in addition, of
fully expressing a fundamental point in the pature of the rainfall influence
oiven below.

- The continuity of rainfall effect. An all important factor to consider in
the rainfall influence, is that it is a continuous process which takes place
throughout the year. Part of the changes are induced in the soil lt::ng before
the crop is sown, and the total of these slowly varying influences is expressed
progressively through different channels on the final yield. It is essential,
‘therefore, that the influencés of neighbouring periods are alike. For this
purpose the year is divided into small periods. Egunation I.then takes the
¢ .

regression integral form ?=a+ f brdt ; where rdt is the rainfall, falling in

]
the element of time dt.
IE the rate of rainfall at any epc-ch is also expressed in the form r=P, Ty
2, Ty4+P, T,

where Ty, Ty, ’J} are chosen 'bic:rtlmgonfﬂly..al;d P.= _/ rT,.dt, the regression

, o
of rainfall on the yield can be expressed by the form’
a=Ly Tot....L. Ty, .. v <1, T,
: [ 4

where L,= }’ bT.dt.

o - .
By this method of Fisher, the number of independent variables ¥ is reduced
to. the degree of the poiyncmn'll to which the rainfall has been ﬁtted, while the
actual distribution of rainfall is more effectively represented. It-is possible
from this, to express the effect of Ever}f_laﬂdﬂmna] inch : of rainfall in pounds
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per acre on the cotton crop at the different periods of .the ‘year; ‘as a
continuous curve. (Fig. II). . S

The regressions of rainfall on yield. The actual values of the }'ainfall
distributions corresponding to the moments of the several powers of t." are
given below. | ‘

The deviations from the polynomials: of vield (given in-colymns 7 and 8
of table I) are: correlated with the rainfall distribution values, giving the
sums of products ey, 'y, . . . . £y These sums of products are multiplied
by the: corresponding row or column of a matrix of multipliers formed from
a determinant of the values & .. /', and given below (Table II} to'give
regressions of the yield on the time variate' considered.

TasrLe II
Rainfall nralrix
a’ b’ ¢ odf e’ f

a’. 1-55817 -—0-00736 —1-38325 2-92315 —2:53466 0+20116.
b, —0:00736 1-29059  —0-09359 0-15307 —0-47653 —0-13989
¢. —1.38525 —0-08357 3-77445 —4-62783 3:53674  —0-:52625
a’. 2-92315 0-15307 —4-62783 10-14972 —2-43233 1-72667
e'. —2:53466 —0-47653 3.53674 —2-43233 13.52150 —1-94559
., 0+20116 —0-13989 —0-52625 1472667 —1+94559 5-59604

The regressions: of the rainfall on yield for the several powers of 7" are
given below. '

TapLe 111
Regressions of rainfall on the yield of collon
al B e d ! £%

. . 1+
After cholam —113+988 —45-425 119-742 —236.772 424916° 275-576
After combu. —457:446 —35-584 635-437 —896-108 965-457 167-509

From these, the effect of every additional inch of rainfalllin pounds per
acre on the cotton crop for the several fortnights of the year is presented in the
form of a smooth polynomial curve in Figure II, the co-efficient of the term
relating to 1% being obtained by n'(ltﬂ;i!plying- the: corresponding regression by

) 2s ' ety g :
factors: of the. form, (S (2+1) . . . (2+s) where "2 is the number
of subdivisions of the year.

The effect of rainfall. From an examination of Figure II, it will be seen
that the effect of every additional inch of rainfall over the polynomial normal
is negative almost throughout the year. This negative influence is “most
pronounced in' July to August before sowing, and least in the months of
January and February during the growth of the crop. In fact, it is most in the
less rainy months. In regard to. the calendar year, the effect in direction
' is more or less similar whether after cotton or cumbu, but after enmhnt it jg
very much greater.

The significance of the raintall effect. 'The extent to which the rainfall
as judged by its distribution in the several fortnights of the year influences
the yield, can be understood by the values of the multiple correlation ‘R’

given below, withi the probability ‘P’ of such a value oceurring due to chance
alone..
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Bercentage
Cotton WValue of K. P -effeot -of
o ; rainfall
After cumbu o 829 0-006 55
After cholam ... w440 -6 not significant
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Fig., 1I
AVERAGE EFFECT IN POUNDS FER .ACRE OF «E"i.’EIRT ADDITIONAL IKCH OF RAIN ON THE
COTION CROP AT ROILPATTI AT DIFFERENT TPERIOLS OF THE YEAR

The effect on cotton after cumbu is clearly siginificant, although the
percentage.of variance attributable to it (55 per cent) is probably exaggerated
due to the limited mumber of yvears of data. The effect after the cholam
15 net significant., It can therefore, be inferred that extra rainfall exercises
a depressing influence on wvield after eumbu in the direction indicated by
Figure II, at the different periods of the year., The resnlt is in agreement
with the experience at Koilpatti that cotton after cholam withstands the
adverse effect of rain better than after cumbu. It is not possible at the

—
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present stage to offer any explanation to the above effects noted, although in
England, a similar influence on the wheat crop has been asmc:ated definitely
with washing away of nitrates. Hindrance to the development and-aeration
of roots is also another possible cause. Before concluding ‘it may mnot be
out of place to mention the importance of another factor affecting the yield. .

Effect of the time of sowing. By Fisher’s method the influence of rainfall
has been computed in relation to the calendar year. In the case of the cotton
crop, Lhis relationship is to some extent interfered with by the changes in the
date of sowing, brought about by the chance circumstance of the rainfall
incidence. An estimate of the rainfall effect in relation tﬂ,'tii_e'?age'nf the
erop has been made by Mr. V. Ramanatha Ayyar,* who has studied the effect
of every inch of rain at the different fortnights after sowing. The regression
equation for yield in terms of the rainfall for cotton after cholam at Koilpatti

is as follows :

- 2976 — 4-15x%; +6:405x, — B-824x, + 23-356x, 4-6-685x. 43" 3?31:5
— 25 5?4xg+lﬂ 902xa+1-145x,+ 32 32610

The effects of the 4th, 8th and 10th fortnights after sowing are very
pronouncedly positive, while the 7th fortnight shows a negative. effect. Due
to the limited degrees of freedom of the data, the multiple. correlation (0:74)
is not significant (p: 0-3), but the form of the Equatmn sugoests the importance
of the factor. It might also be mentioned that in experiments conducted
at the Cotton Breeding Station early sowing has a most pronmmced increased
effect on the yield of irrigated cotton,.and it has sometimes been observed
that in dry cotton also late sown plants fare poorly. . Efforts are therefore
being made to treat the date of sowing as a dimensional factor af'feutmg‘ the
vield in the manner indicated by Fisher. -

Swummary, The effect of every inch of addmunai ramfa]l in pounds
per acre on the cotton crop at Koilpatti has been presented for the several
fortnights of the year in the form of a smooth curve by the method of
Dr. R. A. Fisher, It is found that extra rain has a negative influence on the
yield almost throughout the year. This effect is more pronounced in cotton
after cumbu, than after cholam., The greatest eﬂ’ect 15 seen in.the dry months
of July and August before somng, and the least in the months of Jannary
and February when the crop is on. In the former case, every additional
inch depresses the vield by as much as 30 to 40 1bs, per acre, in the case of
cotton after cumbu ; after cholam the effect is not significant.

Acknowledgmeni. 1 am indebted to' M. R. Ry. V. Ramanatha Ayyar Avl.
for guidance and facilities,
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