INFLUENCE OF HUMIDITY AND TEMPERATURE ON
THE YIELD OF COTTON
By K. RAGHAVAN NAIR axp FURNENDU BOSE
Statitical Laboratory, Calcutia.

Fiakier (1924) doviscd & speeial tochnicue by which ho studicd the influonco of weeldy malnfull on the
annual yiold of whoat at Rothamatod. This papet is a genorslisation of tho above method whon tho influenco
of more than ono moteorological fuctor is to bo studicd.

General formulae, Lot M, , M, , o ..y Ma bo & moloorological fuctors which influcncs the yield of
thecropy. Let ¢ bn tho subdivisions of tho year for cach of which recerds of the metcorological factom ar
available. The multiple lincsr rogreation cquation of tho yickl of the crop upon the k metcorologsical factars
is written as

1 q [
Y=C+¥ ainetl dyutmrt oo+ Gy, o m
a e -

WHEPS M1y Pizs o onp Myge Mavs Blasy « ors Fhags Blass Mhages ory Mgy 870 Lho f the
factors in tho difforont intorvals of time. If the eubdivisions of time were mado Knﬁnnely wmall we shoukl
replace the lincar regrosion function by & regrossion inteyral of the form

.
v=ct l!a.rm‘l-}'!:l,ﬂgdl‘i-- ..+;:'.m.a @

whero m,d! fa genoral is tho offoct of tho mcteorolugical factor In the clemant of time dt. The intogrel ia
taken ovor tho wholo period.

1f Tus Tis Tsy oy Ta bo & morics of orthogonal fuactions of time such that

¥ v 2
ST TA=0 (rghs), §Tdi=l
° °
thon we may ropresont Lhe sorios of valios of vach of Lho moloorological festors as a timo sorics using the
following orthogonal polynomisls.
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my=PpTotPTit 2Tyt +P0Te - 3
mmpu Tt A Ti4Pg Tt oo HhuTe
whero h.=£~u‘l‘.l|
‘The regroasion valucs ur, 313 - -.» @ius for 1ho motaorological (aotors in (1) may bo expocted Lo lio on & cons
tinuous time curve s that wo may oxpross tho regrossion function in (2) in the form
a=ayT.+anTitanTat ..
ay=ayuTetayTi+ayTet ... W)
=0y, TotanTi+aTy+ ...
whero erm faTds
o
The tlrgroo.of the polynomiale in (3) and (4) should bo the samo and in practice seldom oxcceds 4 or 5, Now
using tho rolstions (3) and (4) tho relation (2) stands aa
Y=CH{PrtretPuout. . +Pintw) + (PratretPran+. o +Pmes)
+ o+ PuttAusat oo e o {9
Now th valusa 1,215 . 1 1e sy -.1uay bo obtainod for cach yoar by fitling orthogonal polynomials for oach
metaorolngical factor, then coerolating this sorics with tho yioklof the crop for sovorsl yeam, wo can got
valucs of ag, (=1 to & ; 4= 1 to n} as partial regromion ooofflolonts using rolation (5).
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By substituting tiweo values in (1) wo get valuen of @4, 0y, ..., G Which will give ua tho effect of
fluctuationa in cach inctcorclogical fitor ul sny point of time in the senson on Lho yichl of tho crup el tho
end of tho meason.  In this paper ono actusl examnple has beon wurked out with two metrorological fartors,
In this apocial cave oquativn (8) will reduco to

Y=ChPromtPuicit <o + Presed + (Profla+PuByt oo +0fl) o ]
The dencription snd the melhod of analysin of the experim 1t in disciaredd i 1he next paraygeapls.

Ny icul Jil i telaten to yield of cotlon roconbed in the agricultursl
roscarch station, Sarkumd (Sind) wind vupplkd 1o us for investigntion by tho Director of Agriculiure, Sind,
In certain yoars thero wore Jow yickls in partivalar trarta ; amd it wus apprebomicd that such low yicks
wore thuo bo cliinutic fuctors. Ticki figurcs for 1031-194) {yenr 1937 was oiitted) along with certain humidity
and inaximun temperstwo fAgurcs for four months (Angust to Noveinber) fue each yesr wore sunt 1o us for
analysis, Tho number of yoars is too small, but tho material has been analyeed to clucidato the practical
procesiuce,  For cach day thero wero four meadings for teinperature and humidity fromn 10 A, to 4 7oe, st
inter vals of 3 hours ; the mewn of thow four readings was taken as Lho reprewenlative flguro for the day.
Wo bave thuv 118 individusl Bgare for tempermture and humidity for cach yoar; theno wero amlywcd
by caleuk tha L of tho pol; 1 up to Ind degree,  The clistibution of temporatore amd
humidity in cach seanon fv shus reproucnted by four figares,

Tho computation of temperature aml humidity cosflicients involves a groat deal of labour, The
method of sucecwivo sununation fimt given by Hanly sl subseruently by Fisher was used,  The method
mny bo briclly deacribodd aa fullows,

Let the whole iuterval bo dividl into two parts (1 to m) and (m ton). Thon,

|§ {(nn—ﬂ:.}m-l-.;:' {(nu-n (m42—0) r.m}

-
fn=L X1, 0,
[

L

(m+1=5) 420 ... (-.+k-_|.f)z.ltk-m}

where 21 aro tho numbers, Tho remaining n numbers aro to be summed backwards from the bottem of the
column, drapping one torm at the end of cach summation end o giving

LV

(m+l-iun+z-nz.m}

».'é {(nﬂ-n m+2-9) .. (M+k—l--’):.l(l—l)l}
Taking altornately suma sad differences we obtain
Si=0 40, bzt Siznta, B=r-o
end o on. from which tho finel suma of tho wholo column may bo oblained from tho equation -
8,28, 8=, +M8), Szt M43 (M+1) 8}t
8,8+ 38343 (M4 1) /204 MM+ 1) (M43 /3t whoro M=a—m.

The scrice §1.84, 8,,8,, ... has 1o bo divided by & verics of numbers m, {8 + 1)/H, n{n-+1)(n + ..
n(n + 1m + 2)(n + DI ote. yichling & scrics of numbers.

= 2 .
--«-(-.). b__—r_(” {4+ 1~0a), =-~(.+,-,(_+.;-u-+l-ﬂ(-+l-orulm

— 4 .
TR a] S = D (43D (n3-iy 22}

Iis tho preseut case s we have Sitcd a thind degn it is sulliciont Lo calculato wp to ¢, From the vahxu.
ofa,b,¢,d, ... wecan finslly caleulato p-valucd from tho following redutions

r=v na, p=(0=0) ¥ In (it Din—1)s pemia- 35420} Y Gnnt 1) (a4 IR~ Dn= )
Pr=te - 06+ 10— B) f Taint1) (n+2) (1431(n = L} - 2)(w -3)
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HUMIDITY AND TEMPERATURE ON THE YIELD OF COTTON

Polynomiol values of Meiroroloyical Fuctors, In talle 1, columna {4) and (3) gives the valus of 8,
for ifforent valucs of 7, arul tho Lest two colutnna give 1he values of the constants a, 8, ¢, and d, for cach yrer,

TABLE 1. WERIGHTRD MEANS OF TUK SEHIES OF KXADINGN FOR RUNIDITY AND TRMFERATUNK,

your conatant & Valucs of the coistant
Tramddity’ Tnperature |7 1 “tomperatire
) &) 3) W 5) i Y]
a 1 0347 -4 05608, 55.0202 888218
1031 b 2 4254401 Q49408 1 59.5us3 00-p351
n 3 1T0R5140-7 2051132 | 0} -3410 D2-08%3
. d 4 5484734782 L0334 6l -0En0 2 iy
{ a 1 55407 10581 -2 465603 I
w2 | b z 3788789 030509 -8 530040 91 -Budn
e 3 16332076 -5 20780306 -0 BA-7157 929838
t d 4+ 517070374 -9 SIBROVIY ¥ 5% 9720 933399
1 - 1 800 -5 10850 47 | 30 9280 894097
1933 b 2 390111 7 654478 48 514378 916035
o ] 16403590 -4 2051458522 g 020700
(4 3 812533023 8 FUDIONIY2 30 , 553523 221733
I 1 51387 10006 -0 431828 140840
1034 b 2 246501 -4 323394 1485200 835829
o 3 1T840 20017704 8 51-1012 903433
d 4 460845528 O 8008957528 524078 911530
e 1 45053 10280 .1 383072 804530
1938 b 2 w7612 -0 6iM68-9 402518 BO-1214
e H JIDHION - 25402335 R a1-n108 o1 -8nl2
d 4 ATIB2NREK -6 A11002273 8 42-93 824301
i a 1 41221 103180 340303 £8-3404
1938 b 2 2578470 6574679 36-1130 92 -0
i e 3 107567723 268824404 373525 93-34x1
| d + 334795700 9 824723218+ 6 351169 93-5963
. 1 4484 ni07-6 | 373047 9312
1038 b 2 306706 -G 002000 -4 420043 98 -01R%
Iy 3 13107131 -0 28179942 -3 15 -A207 978540
d 4 415300027 -8 862326801 -9 4709 | psdIn
s 1 26160 12578 32.0072 047007
1999 b s 26424 D 197233 2 383833 976517
o 3 NI2HTT 283510350 386407 934470
d 4 350227184 -4 BOT277874 -0 308503 98-7407
. 1 41675 FEE] 350210 95-3000
1940 b 2 270030 -4 605120 .2 39-0709 973500
° 3 12002542 -0 RLAROT0 -5 418784 97-8157
d 4 370086284 4 861206003 -0 431479 98-0607

Tahlo 2 gives the orthoganal polynomial corflicients for humidily and temperlure for oach year in colrona
(3) to (8). Col. (2} gives the yiold of cotton for cech year.
Reqression Equations, Maving obtained the # vahuos for tomprrature sad humility we have fitted
saparatoly (1) yiold againat hnmuny 3 (2) yiokd againat tomporaturo : and (3) yiokd jointly againat bumidity
and

The resp ) are as follows
Y=112-0274+2-1010 £y — 0-7752 2y +4 - 1904 Py P U]
Y=1013:47374-0:0002 p;g~0-0122 pyy 4160435 Pyy Y

V=403 0320421283 P, - 0-0702 £y +3-3000 pyy =0 -00158L pyq =0 -0034 pyy + 11 4408 pyy. . Liti)

"aluew of the multiplo correlation socflicionta aro given brlow,
R)=:0-3079, R,=0-5099, Ry=0-5849

“The slegroes of frvodom for teating Ry, Ry, and R are 3, Kand 2 reapectively, but non of thom aro vignifieant.
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Tasz 2, POLYXOMIAL YOR KUMIOITY AND TEMFXEATURE
. Tumdity — Toinpera -
Your I yield ' Pre L0 M
[T | ® [ 9
1931 10942 | 90905 | —0-70 — 28
1932 8913 | woeoe | 3 —26.35
1931 120111 0644 | —il23 | —33.77
13 13280 01738 | —83-32 | —22.08
1933 Hlo 84331 —~00-08 | —1348
1930 13800 |omad0 [ —7038 | —fo0l
1938 0330 1018:35 | —o813 | —i251
130 13740 103304 | —84-00 | =327
1540 8570 103972 | —30-20 | —28.48

Conclusion, On svailsblo evidenco thers is no signilicant influence of Lempereture lnd )nnnhhly
on the yield of collon, It must however be d that owing to th ! f thw )
licre, any but & large influenco might well remain undotected.
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