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RAINFALL AND YIELD IN THE COCONUT *

By J. S. PATEL, M. Sc. (Cornell).,, Ph, D. (Edin).,
0il Seeds Specialist, Madras Department of Agriculture

and

A. P. ANANDAN, B. A,,

Fieldman to the Oil Seeds Specialist.

Introduction. The yield is the result of the interaction of
genetical and environmental factors. The plant-breeder util?zes t.he
genetic variance in evolving superior types; and the agronomist aids
the former in adopting the optimum conditions for the growth of tl}e
superior type. One of the important functions of the agronc'mi.st is
to suggest ways and means to reduce to the minimum the variations

in the yields.

The yields of any group of coconuts fluctuate from year to year
without any regularity, i. e., there is no periodicity. When the trees
receive identical treatment every year, and when the age of the plant-
ation does not influence the yields, the yearly variations in the yield
must chiefly be attributed to the weather conditions. A consideration,
therefore, of the effect of rainfall on the yield is necessary. In the
present communication an attempt is made toshow how the yields
vary according to the rainfall and how the variations incidental to the
rainfall can be reduced to the minimum by suitable changes in the
agronomic practices.

Materials and Methods. The data utilized in this paper were
collected at the Agricultural Research Station, Kasaragod (District :
South Kanara) on the West Coast of India. The soil is red loam.
The number of rainy days, and the total rainfall for the different
seasons and years, are tabulated in Table I. The yield-data utilized in
various correlations was collected from 105 regular bearing palms in
Block I. The trees are of the ordinary tall type and they were about
twenty-five years old in 1919. The plot has been manured and culti-
vated more or less in the same manner from year to year. The plot
has never been irrigated.

In some of these trees, one or two bunches were damaged by
beetles.. As this would reduce the yield of the trees, the following
Correction was applied to the particular year’s yield, when any
damaged bunch would be ready for harvest. The missing yield is
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y?«%ﬁ were x is equal to the average for the missing month calculated
from the rest of the years, a the average vield per month for the
remaining months of the Same year, and a, the average yield per
mornth for the remaining months of the remaining years,

Wishart and Allen’s method could not be used as the number of
missing bunches was large (300) and would involve laborious calcula-
tions. In working out the relationships, ordinary correlation tables
have not heen prepared. The vearly yields ranged between 10 and 180
nuts per tree per annum. and, therefore, fine grouping makes the
number of c¢lagg intervalg unwieldy. Similarly, for the rainfall, the

NEqrge
As the correlations are worked out in the Same manner for all the
combinations of the rainfall, the relationships are comparable among
themselves, Since, by this method, the effective number of readings

be present in cases where r is not less than 0'6; this is enough to
lodge the p between 002 and 0'01. Before proceeding with the
bresentation of the data, it must be admitted that the only justification
for the departure from the orthodox procedure of dealing. with the

data spread over a large number of years, is the importance of drawing
the attention of the workers to this problem, ’

Rainfall, —1p point of distribution of the rainfall, the coconut
areas in India fare very badly when compared to Ceylon and Malaya.
On the West Coast, from the middle of December up to the first of
April, only a few showers are received. The number of rainy days

and the tota] rainfall for the different Seasons and years are tabulated
in Table I.

and the south West monsoon, if at all late, is late only by a few days.
The north east monsoon rains are not uniform, but the variations in
the early part of the season have very little effect on the yield. That
the changes jn the quantity of rain received during the south west
monsoon and early part of the north east monsoon bear no relation to
the yield, is evident from the correlations in Table II, where the value
of r is not significant for any of the comparisons. The total rajnfall

during the calendar year, previous to the year of harvest, does not
appear to affect the vield,
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Table 1.
The Distribution of Rainfall.
g o g2HB| 2q g & No. of
g & GRS S'QEQ S0 et rainy
& 2 H 5 e el e gu days
o) o o ) o;s—( g;wg o Qv o) o
(@) £ 7 B <N Qg afa I Gt
. E & rw) — £ S o Efa"' bl e 0 ) = "
g 50 3| & |eweT o505 50 oE (28
o ] 7 B o sl S R Caai | s sl el S el
e g o £ =i R e s R o G B = = R e
= ) 46 9 )’é R ©oAan *5 o 8,2 o ofe
¢ |3 7 |gc85|e805|28%] e (8|88
e = O |5ged L8858 ekl b
o Q oe e 2 N0 ) = PARS
e NEEAE |k & i
1919-20 | 104:14| 20°55 | 10:39 | 135 08
1920-21 |115'95| 10:57 | 5'43 [131°95| ... .. 13097 |35(12(47
1921-22 | 115°70| 12:51 | 13:79 [ 142 00| 1921 | 109:57 | 2598 | 1582 | 141'55 |24 |22 |46
: 192223 | 104:56| 12°17 | 1516 {131:89| 1922 | 129:74 | 24'36 | 19:22 | 131'89 |18 |27 |45
§ 1923-24 (11975 361 | 425 |127°61| 1923 | 13086 | 2767 | 2895 [127:61 (24| 8|32
g 1924-25 |117°88| 375 (1528 |136'91| 1924 | 10883 | 16:42 | 1941 | 13691 |11 |23 |34
2 1925-26 | 101°42| 24°56 | 24'48 | 150046| 1925 | 13503 | 1889 | 19:53 | 15033 |14 |27 |41
: 1926-27 | 99:64| 1028 | 1'42 [111°44| 1926 | 14236 | 2823 | 3976 |111°44|32| 6|38
g 1927-28 | 91'37| 1647 | 3078 [ 138'62| 1927 | 102:84 | 2598 | 2590 | 138'10|17 | 22|39
2 1928-29 | 86:49| 21'85 | 16'47 | 124'81| 1928 | 130'42 | 4116 | 32:20 | 124 81|20 12|32
g 1929-30 | 110°53| 26°11 | 23:34 | 159 98| 1929 | 107:84 | 3294 | 47:25 | 159 36 |25 | 22|47
1930-31 | 8897|2349 | 1941|131 87| 1930 | 10983 | 4519 | 3981 | 13187 (27|21 |48
1931-32 [117'71| 938 | 20'45 | 147°'54| 1931 | 12994 | 4552 | 4275 | 147 5430|1848
1932-33 | 75'18| 2695 | 25:06 | 127°19| 1932 | 10942 | 4394 | 3986 | 127°19 |30 25|55
1933-34 1102:95| 20°50 | 46°80 | 170'25| 1933 | 14277
Table IL
Coefficient of correlations between the yield and rains of :— 7
South west monsoon during the year previous to the year of harvest. - 03004
One north east monsoon rains previous to the year of harvest. 0:1141
South_ west monsoon in 1919 plus hot weather rains, i. e, for 1921
yields. 01790
Total rains during the calendar year previous to the year of harvest, 05430

The rains received during the south west monsoon are very heavy,
and the variations in the rainfall during this period are large enough
to.mask the effect of other rains when they are combined with the
rains received during the south west monsoon. The rainfall during
Phe south west monsoon has, therefore, to be eliminated in determin-
ing the relationship between the rainfall and the yield. For the same
reasons, .the rainfall during the early part of the north east monsoon
»18 also eliminated. The rains which are most likely to affect the trees

~are .those received during the later part of the north east monsoon and
during the hot weather. The rains during the hot weather period—
Janlfary to April—are most irregular (fig. 1). In the following table
he;np%rtant rains are given from 1919 to 1933. In this tabla, x,
OLES January to May rains of the vear of harvest, x, January to

previous to the harvest, and x3 January to

ol
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Table III. £
Important Rains. B e
‘ la
o ~< ~
s > > Rl = * F\l v Qo h ‘
6 | BB |4 |3 |8s] g8 L e [9RE, X
SalesEt|n |l BRI Sowe st w1, | w2 wa | SO G0 n
o - £ ] (VIS

> 1] "8 > < QE <5 from S >0 5

— =z ) :2 o« < >+
19104 o il o [ et | u
1920 | 0°07 2:86 i 1:07 & £ 01
1921 | 098 s 172 | 207 | 513 | 057 | 293 | 0:25 014 61'13 & |
1922 | 045 2:61 1:795| #5:89"| 5114 |~ 2:701 | =2:93; 66°58 ; |
1923 045 | 00112 | 008 | 318 | 245 | 306 | 270 045 5845 ¥ |
1924 244 | 2770 | 003 | 321, 062 | 557 ; 306 2:89 57°88 £ |
1925 12028151925%| =311 8| 5] 3131 5124257, 4:09 6030 ¥ |
1926 | 013 | 040 009 031 245 | 514 4:04 7844 |
1927 003 | 2:34 11°24 062 | 245 1'63 5177
1928310 0:52 | 472 | 3:15 0213 [20:27 2:37 | 062 8:30 7049 |
1929 020 | 539 | 540 | 599 839 | 2:37 810 86 26 |
1930 | 002 | 477 | 10°71 | 1350 559 | 839 780 8529 |
1931 002 | 836 160 | 774 479 | 5°59 040 7398 ] ; tl
1932 042 | 120 | 2265 838 | 4'79 020 6209 g
1933 021 | 619 e 19501 042 | 838 041 6010 aJ
Mean 6714 t

|
* xq stands for total rains in January, February, March and April during the ‘
year of harvest. xg stands for total rains in the same months during the year
previous to harvest. «3 stands for total rains in the same months during the
second year previous to harvest. F and M stand for February and March rains
respectively.

Table 1V

(Note:—J, F and M stand for January, February and March rains respectively.)

l
Correlations of yield with important rainfalls. g 1
|
|

‘ Value of »
1 x1 =total rains in January, February, March and April

§ during the year of harvest, 03400

2 x o =total rains in the same months durlng the year pre- ! .

vious to harvest. 04598 |

8 xg=total rains in the same monthﬁ durmg the second yedr ‘
previous to harvest. 0'3393

4 (x1 +x2) 06428 |
5 (xo+x3) 06273
6 (k1 +x0+x3) 0'6767
7 J+F+M of (11+\2+\ s G 07211
8 (x2+x3)+(J+ F of xq) 0'6995
9 J+F+Mof xg and x 3 08104
10 J+F+M of xg -+(J + ¥ of vl) 05589
11 F+M of (1, x9 and x3) 0'6656
12 xg+(F+M of x1) 0'4628
13 x2+(J+M of x ) 0:5199
14 J+TF4+Mof xy and F+ M of x 1 04170
15 J+E+M of x1 and x o 04587
16 J+F+Mof xg and J+ M of rl 03723
17 wg +(J+Fof xq) R 015669,
18 April of xg +(J+F + M of 12) (J+TF ofx]) 0:3989
19 x up to the 15th May +(J+F of x7) 0 6409
x9 and x5 up to the 15th May 03391

Note:—All values of » above 0°6000 are clearly significant. P is less than 002

The differences between these significants are not significant.
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In table IV the coefficients of correlations for twenty different
combinations of rainfall are tabulated. The magnitude of the r is the
largest for the combination (9) —1i. e., January to April rains for two
years previous to the harvest. The coefficients for seven other combi-
nations are also significant.

The values of the total correlations, viz., ryx:, ryx, and ryxs are
utilized in finding out the partial correlations (y=yield). The values
of the partial correlations are given below :—

Particulars. Correlation coefficient.
Total. Partial.
PPXL—X QX3 03400 02769
X9 —X3N1 04598 03466
ryxg—x1%2 0:3393 ; 0:2133

For these data partial regression will be more appropriate and
therefore the following relationship has been calculated for the devi-
‘ ations of yield y in terms of the deviations of the respective rainfall
& totals from their means :—
y=2:3427x 1 +3'9907x 2 +0:8538x 3

e

i A multiple correlation where R=0798 was also obtained. The
i multiple correlation value is very close to the coefficient of correlation
B for the total rains in three years during January to April. The total
3 as well as the partial correlations are not significant, thereby, indi-
cating that the rainfall of one year is not related to the rainfall of
another year for the observations made, and that total correlations,
wherever significant, are not spurious.

Significance of the partial regression coefficients.

Regression coefficient. Value of b. Value of P.
b1 2+3407-40-84 < 002
bo 39907101 < 001
b 0'8538 4078 > 090

The regression coefficients, given above, show that the rainfall of the
year previous to the year of the harvest are significantly correlated to
the yield. Though the regression coefficient, for the rainfall of the
secon.d year previous to the harvest, is not significant, the importance
of this rainfall is derived from the fact that multiple correlation is

significant.
Variance due to Degrees of Sum of Mean
o y freedom. squares. square. Z
me.ar regression 3 907:30 302 43
Deviation from linear 1egression. 9 542:89 ‘ 60°32

Total, 12 1450°19 08059

e show a slightly significant deviati
3 ) above eviation from
WL EeEression, indicating that the curve of the relationship between

e figures given abov
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the rainfall and the yield does not follow a straight line. The points
appear to be distributed along a parabola.

A second degree function of the closest fit of parabola has been

calculated by the least square method for the combinations of the

rains which give highly significant values of r. The details regarding
the equation of the parabola of the closest fit are given below: —

Particulars of rains. Equation of parabola.

1) wy 9=54'489 + 52275 — 0312
e NS R S
(2) %3 +xg+January and February e haT S
rains of the year of harvest. »=44795+4'336x - 0'149x 2

(3) January, February and March

rains of (v and'xy) 9=57:2+4:521x - 01342

(4) January, ‘February and March

rains of (x) +x9 -+ 44) =56'556 + 3'564x — 0 098 2

(O n t | y=4454 17342 000922
(6) February and March rains of P 5 y
2 g oy 9=63'658 - 1°795 +0'48x 2

In all the above equations, y denotes the yield in nuts per tree and x
represents the quantity of rain in inches during the respective periods.
All the equations show, as expected, that the yield does not go below
a certain minimum even if x becomes zero. The minimum yield that
can be expected, per tree, even if January to April rains for the two

years prior to harvest and for the year of the harvest are nil, is about
44 nuts per tree.

From Table III, it is evident that none of the combinations of
rains—the total amount of rainfall - explain the yield during the two
vears 1926 and 1932, Contrary to expectations, the deviations of the
yields from the mean are, for these two years, opposite in sign to the
corresponding deviations of the rains for the mean. The rains which
relate to 1926 yield, i. e., those of 1925 are below the mean, while the
vield is well above the mean. The position during 1932 is just the
reverse. These two, out of 13 readings, cannot be attributed to chance,
but they may be more appropriately termed abnormal readings.

The year 1925 which is responsible for the yield during 1926, had
uniform rainfall during March and April and there had also been
continuous light showers from the middle of April to the out-break of
the south west monsoon, The year, therefore, experienced the least
amount of drought. The poor yield in 1932 is due to the extreme
long spell of dry weather, from December 1930 to the end of March
1931. The highest yield is obtained in 1929, on account of heavy rain-
fall amounting to 7'87 inches during February to March.

|
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In all the equations, excepting the last, the coefficient of x? is
negative (with due regard to the inadequate size of the data) showing
that yield cannot go on increasing with the rains. Even thoagh the
totals of two or more different rainfalls have been combined in some
of the groupings, the mathematical representations obtained therefrom
may be taken to show the existence of a relationship, if not the actual
extent thereof. The sixth equation, which shows the relation of
February-March rains to yields is unique in that the coefficient of x? is
positive and that of x negative. Since there is no limit to the positive,

theoretical value of the ordinate of the curve, it is to be understood .

that there is a limit to the quantity of rainfall which can be expected
during the months of February and March ; but a large quantity of
rain invariably increases the yield. The high value for ¢ (63'58) of
this equation should safely be taken to mean that rains during the
other months of the year increase the yield up to acertain period.
The negative coefficient of x indicates that the yield is adversely
affected by a small amount of rain in February and March ; but the
value of y rises when x is more than that particular value. Since y=

of the sixth equation, it means that the yield is minimum when x (the
rainfall) is 1'85 inches, It may, therefore, be inferred that a substantial

amount of rainfall, . e., more than 1'85 inches during February to
March is important,

The observed and expected value of yield for the sixth equation
are shown in graph 11,

Rainfall and intercultivation. It is pertinent for a planter to
question as to how the variations in the yield consequent to the flu-
ctuations in the rainfall can be avoided or reduced, For the localities
where the gardens cannot be irrigated, the intercultivation reduces
considerably the annual variations in the yields.

A plot has been left uncultivated since 1916. The weeds are not
removed and the palms grow almost in a wild state except that they
are not as crowded up as they would be in nature, In another plot
intercultivation has been practised since 1916. ‘The land in this plot
is ploughed two to three times in the vear and occasionally cultivated
with Guntaka or the showel cultivator to keep off the weeds. None
of the plots were manured. In the following table the annual yields

for these two treatments, viz.,, uncultivated and intercultivated, are
recorded.

e I

NI
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nt of x? is

a) showing Table V. Yield and intercultivation.

hoagh the | Average number of nuts per tree per annum.
ad in some Years. =
therefrom Uncultivated. Intercultivated.
the actual B 40 144
elation of 1918 83 235
3 f 221 1919 64 444
:nt ot x° 1s 1920 17 46'3
e positive, 1921 16 54'5

d 1922 131 993
nderstood 1923 117 56'4
} expected 1924 74 46'0

tit £ 1925 2.7 48'4

palliity 30 1926 116 65
1 (63'58) of 1027 24 304
uri th 1928 23 51
DEBStHe 1929 126 581
in period. 1930 03 59'1
ad 1 1931 17 453

dversely ; 1033 46 470
; but the 1933 11:0 %gi

. E : 37
Sincey= B 1934 38 i
nal curve % Average per year—1917 and 1918 62 19+(
hen x (the 3 Average per year—1919 to 1934 59 503

i i Percentage increase in the aver- ‘

ubstantial K age of 1919 to 1934 over the : i
ruary to average of 1917 to 1918 - 48 1647

The yield in the cultivated plot has increased suddenly in 1919 by

134 per cent. of the average of 1917-18. The increase in the yield

equation :

after 1919 has been gradual. Annual variations in the yields of the

cultivated plot are very low when compared with those of the plot
lanter to left uncultivated. The coefficient of variability for the cultivated plot
0 the flu- : is 16'6 per cent., but for the uncultivated plot it is as much as 76°2 per
localities cent. The cultivated plot is decidedly less subject to the seasonal
| reduces conditions than the uncultivated plot. Intercultivation is, therefore,

one of the methods to be utilized in regulating the production.

Discussion:—The study has pointed out that yield in any parti-
s are not cular year is influenced by January to April rains for two years
that they previous to the harvest, together with the rains in January to April of
ther plot the year of harvest. To understand, how the rains during the three
this plot years affect the yield, a knowledge of the coconut crown is necessary.
ultivated The details regarding the crown of a bearing tree as observed in
5. None January 1934, are given below : —
1al yields Leaf No. When the inflorescence The condition of the
(ol _are & will be harvested. inflorescence.
) 10 January 1934 Not ready for harvest
18 September 1934 Tead .
Vo . 1935~ = e‘a .er.nuts four months old.
S Spadix just opened.

32 November 1935 The last opened leaf, The spathe will

5 open in about ten months.

anuary 1936 Unopened leaf. The spathe will open
. in January 1935.

ecember 1936 Unopened leaf. The spathe will open

in December 1935,



On the dissection of the crown,
leaves, 23 to 45 there are developing «

growth. The rains during January 1934, would

The development of the inflorescence is g slow process taking about
thirty-four nths from the time of the differentiation of the flower
The maximum elongation

primordium to the opening of the spathe.

spathe aborts, Park (1934) has found that
vields for a period of about thirty-two mont
of drought, Thus there is support for th
rainfall Jastg for about three years after the i

of one year with the maximum effect approxi
the drought, Shepherd’s (1926) investig‘ations, in Trinidad, have
revealed a positive and significant correlation of 0°733 +0°072 between
the rainfal] over a six month period and the size of the nut one year
later. The findings of Shepherd, ang Park are in agreement since
the size of the nut ang copra per nut production are correlated. Patel
(1934) has found that the size of the nut and its copra content are
correlated. He found the following coefficients of correlations:—

(i) Between the volume of the unhusked nut and its yield of

copra 0'659i0'013,

(ii) Between the volume of the husked nut and its yield of copra

0680400127,
The authors have, however, not attempted the study of the effect
of rainfal| o the size of the nut or on the

From the point of view of
important finding is
of rainfal] on yield,

Summary and conclusions,
in any particular year is influence
years previous to harvest, togethe
of the year of harvest. The stud
rainfall in q particular year affec

The study has pointed out that yield
d by January to April rains for two
r with the rains in January to April
y of the crown has shown how the
ts the yields during that year and the

The Madras Agricultural Journal [Vol. xxiv, No. 1.
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succeeding two years. On the West Coast of India, the critical rains
are those which are received during January to April. Annual varia-
tions in the yields of nuts are much more for the uncultivated plot
than for the cultivated plot. The vagaries of seasons have less effect
on the trees in a cultivated garder, than on those in a plot left un-

cultivated.
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MULTIPLE SEEDEDNESS IN SORGHUM AND
CONSEQUENT REPERCUSSIONS
By G. N. RANGASWAMI AYYANGAR, BA, LAS.
Millets Specialist, Agricultural Research Institute.

and
V. PANDURANGA RAO, M. A,

Assistant, Millets Breeding Station, Coimbatore.

The oceurrence of double seeds in cereals is frequently reported.
The presence of double seedeed varieties in sorghum is on record. In
a previous article (G. N. R. Ayyangar and M. A. S. Ayyar, 1929)! the
stray occurrence of double seeds in a variety of sorghum (S. Roxb var
hians.) has been reported and the possibility of accentuating this double
orained condition by continued selection over a period of years indi-
cated. Such selection work was done but resulted in no appreciable
inerease in doubleness. The range of occurrence proved to be of about
the same degree of fluctuation.

While this selection work was in progress further fresh material
was obtained from various sources and led to a detailed and careful
examination of this doubleness. The material represents varieties
from Madras, Central Provinces, and Bihar in India and Nigeria,
Rhgdesia and Tanganyika in Africa. The incidence of doubleness
varxe(? according to the variety. This variation was from head to
hea.d in the variety and in the incidence within the earhead. In six
varieties (mostly S. Durra) all the earheads produced double grains.
In fhe (?thers the incidence was from 1 to 70 per cent of the population.
his wxdt? range of material from the various parts of the world
PEESenting varying degrees of manifestation of doubleness afforded
1800d material for the study of this character.




	20241109024106_00028
	20241109024106_00029
	20241109024106_00030
	20241109024106_00031
	20241109024106_00032
	20241109024106_00033
	20241109024106_00034
	20241109024106_00035
	20241109024106_00036
	20241109024106_00037
	20241109024106_00038

