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ABSTRACT. The technique of curvilinear correlation study has been applied in studying the effect

of meteorological factors on the growth of sugarcane.

It has been found that at Poona of all the

meteorclogical factors the maximum and minimum temperatures influence elongation most and that their
optimum values are equal to 87-5° F and less than or cqual to 68°F respectively. Rainfall has slight
effect as the crop is irrigated. Curves for estimating the height of crop by taking into account the
combined effect of these three factors have been worked out by this technique,

1. Introduetion

Crop-weather relationships by simple
correlation methods have been studied by
Mallik et al. (1960). Similar studies by partial
correlations have also been made by Hooker
(1907) and by Gangopadhyaya and Sarker
(1963). However, in the linear correlation
(simple or partial) and regression studies,
there is an inherent assumption that the
change in  the dependent variable
accompanying  unit changes in each
independent variable is of exactly the same
amount, no matter how large or how small
the independent variable is. Crop-weather
relations, being not so simple, cannot be
expressed by linear correlations. Also there
may be an optimum point of a particular
crop-characteristic with regard to one or
more of the weather factors upon which the
crop-characteristic  depends. Linear re-
gressions are obviously unable to bring out
such relations. Such information may be
brought out by determining the curvilinear
relation between the dependent and each
independent variable, while simultaneously
eliminating the effects of the other factors,

If X, be the crop-characteristic and X,,
X, ete be the independent factors (meteoro-
logical factors and time factor) upon which
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X, depends, our problem is to find out a
regression equation of the type

X, = a + fo Xp) HAH(X)Hf(XD)H-.... (1)

The expression f, (X,) is a general func-
tion meaning any regular change in X, with
changes in X, whether describable by a
straight line or a curve.

In the present study an attempt has been
made to see how the height of the sugarcane
crop at Poona depends upon the weather
factors of the elongation phase. The tech-
nique of analysis is similar to what has
been described by Ezekiel and Fox (1959)
and used by Gangopadhyaya and Sarker
(1964) in developing a formula connecting
yield and crop growth of sugarcane.

The partial regression curves have been
found by the method of “successive graphic
approximations” in preference to Afitting
mathematical expressions as the former in-
volves no prior assumption as to the shapes
of the curves.

2. Procedure

The height values of sugarcane at Poona
along with the associated meteorological
factors have been taken from 1945-46 to
1960-61, collected under the Crop-Weather
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TABLE 1

V,—C0-419 V,—POJ . 2878
Year Variety Daily Daily Total Height Esti- X—X;
average average rainfall (X,) mated =7’
min, temp,  max. temp. (X)) height
(X,) (Xy) (X,)
'K (“F) fin.) (cm) {cm)
1945-46 vV, T0-5 87-2 21-19 338 33126 674
Vs, T0-2 86-2 2006 303 33155 —28:55
46-47 ' — — — — - —
Vi -— — — - — -
47-48 Y, 649 881 2349 343 34447 —1-47
Vs G9-1 88-1 23-79 399 355 T4 43-27
485-44 Vv, -7 858 2508 203 337-88 —44-88
V. 70-7 880 25+58 350 33596 1404
41.50 v, 70-7 875 18-24 353 32556 2744
V, 69-7 865 15-12 367 336-62 30-38
50-51 vV, G8-3 864 22.81 349 361-34 —12-34
Vg 65-3 Sti-4 2281 356 361-34 — 534
51-52 ¥, 71-5 8844 2048 300 321-08 _12.08
YV, 70-8 889 21-78 335 33109 301
52.53 v, 704 87-0 20-15 341 330-84 10-16
V. 702 837 20415 333 330446 2.54
53-34 : - s — . . o
Ve 70-5 83-4 1644 325 2.78
54.55 vy TL-0 S6-4) 323 32676 — 370
Vs L0 85-2 306 324-84 —I8-84
53-56 v, = — - - = —~
V, 706 st-8 20-12 354 338-80 20-11
56-57 vV, 69 -8 S4-4 38-83 364 25621 0.7y
V, G906 835 38-83 364 35679 721
47-58 Vv, G0-4 87-6 1955 333 34515 —12-15
V, 69-8 80-1 19-10 326 34272 .
58-34 v, 693 85-3 17-06 3406 34505 0-05
Y. 714 876 15-84 325 31326 11-74
59-60 v, 07 §3-1 3000 331 32978 1:22
Vi 707 %3-1 30-00 325 329-78 478
6G0-61 Y, 6i)-8 85-3 2436 327 340-70 —13-70
v, G849 855 24-93 335 353-67 —I18:67

R R
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TABLE 2
X, value No. of Average Average

cases of X, of Z*
Upto 69-1 4 68-65 1-73
69-2—60-7 + 6950 660
69-8—70-2 6 69-95 —8-02
70-3—70-6 4 70-47 9-95
70-7—70-9 G 7072 —0-66
710 and above + 71-28 —5-73

Scheme—Sugarcane. On an examination by
the curvilinear method described later in
the paper it was found that so far as elonga-
tion is concerned the most important factors
are maximum and minimum temperatures,
rainfall has slight effect while sunshine has
practically no effect. Sugarcane being an
irrigated crop, the effect of rainfall on
elongation is expected to be as has been
found. During the elongation phase of
sugarcane in Poona (May to October) daily
sunshine duration ranges from 5 to 7 hours.
This range, which itself is extremely small,
is perhaps very near the optimum value of
sunshine required for elongation and hence
in the present study sunshine does not show
any effect on growth. Also on plotting the
data chronologically, no obvious trend of
rise or fall from year to year in height values
was found. So the time factor has been
omit‘ed in eq. (1). The independent factors
considered accordingly in equation (1) are:
average daily value of minimum tempera-
ture (X,), average daily value of maximum
temperature (X;) and total rainfall amount
(X,). The values utilised are givenin Tahle 1.

It will be seen from Table 1 that there are
13 values of variety CO-419 and 15 values
of variety POJ-2878. These 28 values have
been assumed to have come from the same
population for our analysis, neglecting there-
by the varietal characteristic, if any. This
assumption has not introduced any serious
error (Gangopadhyaya and Sarker 1963).

Because elongation should have an opti-
mum value with each weather factor, each
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curve showing elongation w®s a certain
meteorological factor should have a single
maximum. For the free-hand drawing of such
curves, this logical nature of the relations
between crop growth and meteorological
factors has been imposed on each curve.

“First Approximation” Net Regression curves

Using Table 1 the linear multiple regres-
sion equation

Xy = tpggs + D12gs Xy 013000 Xgt bygesy X
was first worked out. This was found to be
X, = 1055-95 — 13-616 X, + 2-393 X, -
+1-254 X, )
with significant multiple correlation—
Ry.py=0-574.
Estimates X," from
Z =X,
Table 1.
Now to find the regression relation of
X, and X, a scatter diagram showing the

relation between X, and X, is drawn. To do
this the net regression line

(2) and residuals
— X" are calculated and given in

X, = 105595 — 13-616 X, -
+ 2:393 M, +1-254 M,
= 1292-75 — 13-616 X,
between X, and X, is drawn in Fig. 1.

(M, My, M,, M, are used to denote mean
values of X, X,, X, X, respectively)

The residuals Z" are then plotted with X,
values as abscissae and Z’' values as ordi-
nates with the net regression line as zero
base. The residuals are then averaged for
selected group values of X, and are given in
Table 2.

(3)

These averages are similarly plotted and
these, when connected by a broken line,
called the line of averages, indicate the
curvilinear relation between X, and X,. A
freehand smooth curve is then drawn,
through the several group averages, keeping
in mind the limiting condition of single
optimum value mentioned ahove. This curve
is the first approximation to the curvilinear
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function X; = f, (X,). This is only a first
approximate as it has been determined by
allowing for only the net linear effects of the
other variables,

In exactly the same manner the first appro-
ximation curves for the functions X, =
f3 (X;) and X = f, (X,) are drawn. These
are shown in Figs. 2 and 3. The group average

values used for the purpose are given in
Tables 3 and 4.

It will be seen from first approximation
curve itself that the curve for elongation with
rainfall i8 almost a horizontal straight line,
This is probably due to the fact that the
crop being irrigated depends little on the
rainfall amount,.

Estimates of X, from the first approzimating
curves
Denoting the first approximate curves by
[o'(Xy), f3'(X5) and fi'(X,), the estimates
X," of X; from the first approximating
curves are worked out by the equation—

X" =01 o+ (Xo) 5 (Xo) 1S, (X)) (4)

where,

ZIf(X. {0.¢ (X
a'14234=M1""- [f.i( 2)+j;:( 3)+f4(L)] (5)

The residuals Z" = X,—X,” are then
computed which are given in column 2 of
Table 5,

It will be seen from Table 5 that the new
residuals Z” are in general smaller than
the previous ones Z' and there are 17
cases in which the new residuals are smaller
and 11 in which they are larger than the
previous ones, A more accurate comparison
can be had by comparing the adjusted
standard deviations of the two sets of resi-
duals. The linear multiple regression uses 4
degrees of freedom and so the adjusted
standard deviation of Z' is [2Z'?/(28—4)]}
=19+5 em. The results of the first approxi-
mation curves indicate that the curvilinear
relations of X, and X; with X, are each of
second degree and the relation of X, and
X, is of first degree. Assuming this, the
regression equation (4) uses 6 degrees of
freedom and so the adjusted standard devia-
tion of Z" is [ZZ"?/(28—6)} = 188 cm as
compared with the value 19-5 em of Z.
Apparently the new estimates do come nearer
the observed values, on the average, than
did the first set of estimates,

Second approvimate net regression curves

The first approximation curves from Figs.
1 to 3 are first drawn. Each of the last resi-
duals Z" is then plotted as a deviation just as
before, except that the residuals now are
plotted as deviations from the regression
curves, instead of from the regression lines,
Averaging the residual values, the second
approximation curves are drawn as before.
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TABLE 3
Average values of Z’ for corresponding X, values
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TABLE 4

Average values of Z’ for corresponding X, values

X, values No. of Average Averiage
cises of X, of Z
Upto 85-0 4 3-36
85-1—85-7 4 —12-17
85-8—86:4 5 — D25
86:5—87-1 3 .22
87-2—87-8 4 S-44
8§7:0—88-5 4 14-20
886G and above 4 —17-47

These are shown in Figs. 4 to 6. The new
estimates X,” are worked out from

le:“”1-234*'}(‘2”(-\’:)‘Tf:;”(‘\':x) FA1(X) (6)

The new residuals 2" = X, -
in col. 3 of Table 5.

X, are given

Even though the residuals have decreased
in 13 cases and increased in 15, the new
residuals have decreased on the average and
the adjusted standard deviation of Z"

values 15 18-3 em compared to 18-8 em of

the Z" values and go the third estimates are
appatrently mnearer the actuals than the
second estimates.

Further successive approximations

Using the residuals from the second ap-
proximations and proceeding exactly as
before the third approximation ecnrves are
drawn and the heights estimated therefrom
and the residuals computed. The process was
continued upto the fifth approximation
when the estimated standard deviation of
the residuals showed about steady value, The
final curves are given in Figs. 7 to 9. Results
of these successive approximations are
given in cols. 4 to 6 of Table 5.

From cols. 3 and 4 of Table 5 it wonld he
seen that residuals from third approximation
have decreased in 15 cases and increased in
13 cases as compared to those from secon |
approximations and the adjusted  standawl
deviation of the residnals deereased to 171 em

X, values No, of Average Average
cases of X, of Z*

Upto 18-2 3 14 - 06 1464
18-3—20-2 5 14- 80 804
N 3—=22.2 3 2122 — D75
22.3-24.2 4 23=23 G-03
24-3—26-2 {i 25-18 —14-30
26-3 and above 0 33-36 G- 64

from 18-3 e¢m. Residuals from 4th approxi-
mations (col. 5 of Table 5) have decreased in
20 cages and increased in 8 only and the
adjusted standard deviation has decreased
from 17-1 to 16-8 em. Further approxima-
tion (col. 6 of Table 5) shows that the resi-
duals have decreased in 14 cases and in-
ereased in 14 and the adjusted standard devia-
tion has decreased from 16-8 to 16:5 cm,
Apparently the estimates from the fifth
approximation curves do come nearer the
observed values than the previous estimates,

3. Inferences of the curves

The final regression curves shown in
Figs. 7 to 9 represent the net relation between
the dependent variable and each independent
variable with the net variation associated with
the other independent variables held cons-
tant. Following are the inferences from them

(1) The height of the sugarcane crop at
Poona decreases as the average
daily minimum temperature during
the elongation phase increases from
68°F. The optimum value of the
minimum temperature is less than
or equal to 68°F.

() The height appears to remain
stationary so long the average daily
maximum temperature during the
clongation phase remains  within
R6°F and increases as the maximum
temperature increases from 86 to
87-5°F and decreases as the
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TABLE 5

Residuals from
Linear First Second Third Fourth Fifth
Regression approximation approximation approximation approximation approximation
curve curve eurve curve enrve
Zl Z” Z”l Z.’fﬂ ZJIH' zn’ﬂ‘”

— 7-4 — 74 — 6-4 — 37
—12:9 —10-5 9.9 — 9.
—36-9 —34-6 —36-
11-9 11
— 87 o
2-8 0-f
— 2.0 — 1
32 1-

- - =T S

=

R
-4

2.
—1s-
20-
7.1
__15.
11-
4
Adj.SD. 195
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temperature exceeds the limit 87-5°
F. The optimum value of the daily
maximum temperature is 87 5°F.

(i) The height does not appear to rise
or fall much with the variations in
rainfall. This is quite probable as
the crop is irrigated.

4, Use of the curves

The final curves are then utilised to esti-
mate the values of the dependent factor. It
would be clear from the curves in Figs. 7 to
9 that minimum temperature is the most
important factor, then come the maximum
temperature and rainfall in order.

The height value X, is estimated from the
most important factor X, (minimum tem-
perature) by the equation—

X1'=F2(X2)=f2(XgJ—MJ(2) +M,
=fo( Xg) 647 (M)

[My2) is the mean of the values obtained
from the final curve f, (X,)]

The values estimated from eq. (7) for
different values of X, are tabulated in
Table 6.

~ The estimated values are then adjusted
for the other independent factors. The

correction for the maximum temperature (X,)
is made by the equation—
X, = F, (1)) = fy (X3) — My
=f3 (X;3) — 337-66
These corrections for various maximum
temperatures are given in Table 7.

Corrections for rainfall (X,) are found
the equation—

X, = Fy (%) = fy (Xy)— Mj(4)
=f, (X,;) — 324-92 (9)

These corrections are given in Table 8.

by

The height values may now be estimated
based on all the independent factors—mini-
mum temperature, maximum temperature
and rainfall—by the equation

X, = Fy (X,) + Fy (z3) + Fy(z,) (10)

These estimates for a particular value of
rainfall have been made and given in Table 9,

In Table 9 values have not been
entered for the combinations of factors
which were not represented in the data from
which the relations have heen found out.

The final results of our curvilinear study, as
represented in Tables 6 to 8 or in Table 9
may be represented in simple form graphi-
cally. These have been done in Figs. 10t0 12,
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TABLE 7

Corrections to heights due to differences in

maximum temperature

TABLE 8

Correction to heights due to differences in rainfall

Average Readings  Constant
maximum from final —f lf'l:n
temp. curve
Xy Js (X3)
83-0 327:5 —337-7
83-5 3275 —337-7
84-0 327-5 —337-7
84-5 3283 —337-7
85-0 32040 —337-7
855 329-2 -337-7
860 331-9 —337-7
86-5 341-0 —337-7
870 349 -6 —337 %
87-5 352-5 —337-7
88-0 347-5 —337-7
88-5 3401 —a377
89-0 332-7 —337-7

Correction

to
expected
height
Fy(y)

—10-1
i“).
—10-
— ).
— 8
— R

7]

DO O Y

Total Readings  Constant Correction
rainfall  from final —3f 14 to expected
X, curve height

SulXy) Fyly)
16 318-3 —324-9 —6°6
17 318-3 —324-9 —G+06
18 318-3 —324-49 —6-6
19 318-6 —324-9 —6 1
20 319-2 —324-9 —5-7
21 319-2 —324-9 —5-7
23 322-4 —324-9 —32-5
2; 3245 —324-9 —0-4
24 326-5 —324-9 1.7
25 32745 —324-9 26
26 327-5 —324-9 2.8




EFFECT OF WEATHER ON GROWTH OF SUGARCANE

i

w
~
“n

LLOWANCE Fu?
/ MAX TEMAR

»
~
wn

ESTIMATE
FOR MIN.TEMP.

ESTIMATED HEIGHT (Tm)

'
|
i
|
|

L 1 L]
e8 69 70

MINIMUM TEMPERATURE °F

Fig. 10

CORRECTION FORMAXIMUM TEMPERATURE(Cm)

L I
14 16

RAINFALL (¢nch)

ALLOWANCE
FOR RAINFALL

CORRECTION FOR RAINFALL(CM)

TABLE 9
Expected heights with varying maximum and minimum temperature for rainfall 25"

Maximum temperature
Minimum o

temperature 86

68 =i
69 —
70 2 332-6
71 3201
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Corrections for rainfall have been confined
for rainfall upto 26" (vide Table 8 and Fig. 12)
even though the rainfall amount upto 31"
were present in the data analysed. This is
because the observations beyond 26" were
very few and the final curve (Fig. 9) for
height and rainfall could not bhe drawn
beyond X; = 26" with much confidence,

The reliability of the final curves was
examined by estimating the heights from the
curves 10 to 12 corresponding to the ob-
served meteorological factors. Only in 2 eases
out of 23 the estimates were outside 10 per
cent and two thirds of the estimates were
within 2 to 3 per cent of the actuals.

5. Conclusion

The curvilinear study has brought out how
the height of sugarcane crop at Poona
depends on the meteorological factors of the
elongation phase. It has also brought out the
optimum value, of a weather factor, if any.
Such detailed information cannot be had
from a correlation or linear regression study.

M. GANGOPADHYAYA axp R, P. SARKER

Also it may be noted that Table 9 is not
merely a table of average heights for various
maximum and minimum temperatures. To
begin with, there were only 3 observations
with rainfall 25", The table gives the most
probable height to be associated with any of
the 19 different combinations of maximum
and minimum temperatures for 25" of rain-
fall. Similar other estimates can be made for
a large number of other combinations,

The present study thus illustrates the
ability of the curvilinear analysis both to
bring out a series of crop weather relation-
ships which are not observable on the
surface and to provide a basis for estimating
the probable effect of new combinations of
independent factors upon the dependent one,
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