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Studies in Sampling Technique: Effi-
ciency of Sample shapes for Paddy
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BSTRACY, In the present paper the sample shape employed in the crop-weather scheme,
and seven other sample shapes consisting of six bunches have been studied with the grain
yield of paddy. For this purpose the data on the complete harvesting experiment  carried
out at the Rice Breeding station, Karjar, in the year 1942 have been utilised. The efficiencies
of the various shapes have been investigated by the technique of (a) analysis of variance and
(b) intra-class correlation. These two techniques brought out conclusively the superiotity of the
present sample shape over the other seven shapes. Also the percentage information obtained

for §% and 109% sampling have been indicared.
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1. Introduciion.

The workers in the Agricultural Meteorology
section at Poona, have made numerous inves-
tigations to try out and select the most efficient
sampling technique for recording the growth
and yield of various types of short crops like
wheat, paddy, etc., and tall crops like jowar and
sugarcane.2%6  Kalamkar et al? discussed
the precision observations on rice at Karjat
recorded from 1934 to 1940 in a recent paper.
‘At the end of their paper they suggested thac

instead of linear sampling unit of shape
00 XXX 00 XXX 00 XXX 00;
omit omit omit

the sampling unit of the following shape may
be tried in future experiments.

omit omit omit
15t oW 0 X XX O0XZXXO X X
2nd row £ XT0XITXO0OXIXXO

omit cmit omit

In the present paper an attempt is made to testc
the suitability of this modified sample structure.

It may be mentioned here that if the sample
structure is efficient, the amount of variation
present “between samples” will be low. When
a sample is made up of a number of ultimate
units the variation present ‘‘within sample”
(between ultimate units) should be of the same
order as “between’ samples”. If the ultimate
units show a positive correlation then the
“within sample” variance will be smaller than
that “between samples”. On the other hand,
if the ultimate units have a negative correla-
tion the “within sample” variance will be
greater than that “ between samples”.®? 1In
selecting the most “efficient” from a number
of possible sampling units we should aim at
selecting one which on repeated trials indicates
no correlation effect.
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Kalamkar ¢f al? in their sampling studies on
rice found a positive correlation between ad-
jacent bunches and hence recommended the
modified sample referred to already. In simi-
lar studies with jowar, Sreenivasan® found that
the two ultimate units of one metre lengths of
jowar showed a positive correlation when they
are observed in the same row, while there was
no correlation between the two parallel one
metre lengths in adjacent rows.

The object of the present paper is to discuss
the complete harvesting experiment carried
out at Karjat in 1942 in which the yield of pad-
dy was recorded bunch by bunch and to test the
comparative efficiencies of different types of
sampling units which can be formed by suitable
selection of the ultimate units of each type.

2. Material.

The data made use of here were collected at
Karjat in the year 1942 under the kind gui-
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“dance of Dr. B.S.Kadam, then Deputy Direc-
tor of Agriculture (Crop Research) to the
Government of Bombay. The exact layout
of experiment and the general geographical
and agricultural features of the Karjat tract are
given in the paper “Precision observations on
rice at Karjat” by R.].Kalamkar et al? . The
only point that may be mentioned here is that
the whole field had been uniformly transplanted
by the same vasiety (K.42) and the plots were
then demarcated by long pegs. Hence in the
analysis for harvest data two of the adjoining
plots have been coalesced into one thus yield-
ing six plots instead of the original twelve.

3. Statistical analysis.

As a preliminary to analysis, the normality
of yield data has been tested, Fig. 1 gives the
histogram of the frequency distribution of yield.
The following are the values of g; and gg which
are the measures of symmetry and kurtosis
respectively and their standard errors.

nes 1395 1595 1795 1995

Figild.
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Weight of grains per bunch in grammes.
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o + o0.283. S. E. = .os34
vg = 4+ 0.869. S. E. == .1068

The distribution departs significantly from
normality in having a positive skewness and is
also peaked or “Leptokurtic”.

In this paper with the same sample size that
is being adopted for the co-ordinated crop-
weather study, namely six bunches, eight sam-

[Vol, 1. No. ¢

o means bunch under observation.
x means bunch not under observation.

Structure No.V is the modified structure
suggested by Kalamkar ef al and that is being
used for crop-weather study in the co-ordinated
crop-weather scheme (Agri-Met Technical
circular No.so drawn up by the Director of
Agricultural Meteorology for the use of crop-

ple structures have been studied. These weather observers in India)®.
structures are as follows: The variation present in the field in either
I ooooon direction has been worked out with square plot
of size 12’ x 12" and the following are the sum
Il oxoxoxcxoxc of squares:-
Il ooo D.F 8.8
& Berween rows 132 3,007.12
Between columns 132 4,872.2%
iy exexox Evidently the amount of variability present
RN RS between rows is much less than that between
V 0¥ XX0XXXO0XX columns.  Except the last method the samples
XXOXXXOXXXcC in remaining seven are elongated to a greater
or lesser degree and hence the length of the
VI oxxoxx sample is taken along the rows in which greater
XO0XXo0X variability is present.
xXoxxe Two of the plots of size 12" x 12" were com-
VL ox 6% 6 x hined to yield 12 x 24" and 40 samples of six
% % ST 5 SIEG hunches each were constructed therein. There
< B ROF & were 6 such plots yielding in all 240 samples or
1,440 bunches.
VIl exo The variance present between plots “between
X 0 X samples” and “within sample” by the eight
oX o methods, are given in the combined analysis
X o X of variance (table 1.).
TABLE I.
Analysis of variance of paddy grain yield.
Mean square by the method.
I I i IV N Vi Vil N
Dac 1o D.F,
Plots 5 242.380%% 242,380%*% 242,380%% 248.263%% 239.169"% 259. 440" 229.416%F 266,844
Betwceen 234  21.211%% 17,549 22, 136%% 19,629 16,269 20,077**  21.447%% 22.089**
Samples
Within 1200 1§.220 15.939 15.04% 15.852 16,414 15.358 15.382 15.596
Samples
Total 1439 16,988 16,988 16.988 17.274 17,165 16.973 17.112 17.525

* Significant at 59, level

** Significant at 19, level
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The following conclusions may be drawn
from the above table: (1) The block variances
are of the same order and highly significant.
(2) In all methods of sampling, except V, (a)
the variation “between samples” is greater than
the variation “within sample” and (b) as judged
by F test, it is highly significant in methods
I, 111, VI, VII and VIII and significant at 59
level in method IV. In method II the value
of ‘F* falls short of 59 level of significance.

It is thus evident that there is a positive
correlation between bunches “within samples”
in all methods except II and V. Method V has
yielded practically the same variance “between
samples™ and “within sample”, indicating the
independance of the bunches observed inside
the sample.

The sampling error percent per bunch cal-
culated from the sample mean square obtained
by method V is 17.11. According to the crop-
weather scheme in India, 6 samples are to be
observed in a plot of 1/100 acre and thus in a
variety grown in 6 plots 216 bunches will be
under observation. The sampling error per-
cent per mean yield of a bunch when 216 bun-
ches in a variety are observed will be 1.164%,.

The intra-class correlation ‘r’ present bet-
ween the components of a sample is given by
the formula

A—B
£

=A + (n—1)B

where A and B are mean squares “‘between sam-
ples” and “within sample” respectively and ‘n’
the number of bunches in a sample?,
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By the application of the above formula,
the intra-class correlation present in these 8
sampling shapes have been worked out and
given in table 2.

* Sample structure III shows the greatest
positive correlation of .073 between bunches of
the same samples. The amount of information
that could have been gained by locating the six
bunches at random instead of taking them as
per sample structure III may be calculated by

. (n—1) (A—B)
the formula ; A—-—-——~+ B

where A and B are mean squares “between
samples” and “within samples” respectively
and ‘n’ the number of bunches per samples.

The information would have increased by
36.4%, had the bunches been distributed inde-
Fendendy. The numerator of the above
ormula which involves A—B indicates that the
sample structure increases in efficiency as B
tends to attain the value of A. A negative
correlation between bunches of samples indicates
high efficiency.
of information is given

The loss

by L=1 where L is the loss

1

HE (-9 /%
of information, f the part of the total
variance due to error, that is, wvariation
between sampling units and x the percentage to
be sampled (For a theoretical consideration of
the formula, reference may be made to Yates
and Zacopanay’). In the first instance the value
of ‘> was found out. This is given in Table 3
along with the sampling and experimental
errors,

TABLE 2.

Intra-class correlation in samples of various shapes.

* Sample shape I 11 111 v v VI VII VIII
ek dok »x ok *ok ok
Tntra-class -+ .061 ~+.017 +.073 +.038 - .o01 -+.049 ~+.062 ~-.06s
correlation
*%k

*
Significant at 59, level

Significant at 1% level.
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TABLE .

Sampling and Experimental errors and percentage
of total variance due to variation between sampling
units.

Percentage Errors per Percentage
) plot of total
Sample variance
Strucrure. ) due to
Sampling Experi- variation
mental. between
sampling
units, (f)
I 11947 4.2587 7.87
11 1, 1460 42587 7.2
I 1,2870 4.2587 913
IV I,211% 4.3082 7.91
v 1.1043 1.2343 6,86
Vi 1.22061 4.4070 7.74
V11 1.2652 4.1378 9.35
VIl 1.2876 4.4751 828

Here again the percentage of total variation
between sampling unit is the least by the method
V and next best method is 11, Thus it may be

concluded that the choice of the sample
structure V' suggested by Kalamkar of  wl

is the right one and is fully justified.

The percentage information obtained for the
following values of ‘£* 6,7,8 and g are 65.0,05.8,
63.8and 6z2.1 for 5", sampling and 78.9, 76.8,
74.9 and 73.2 ftor 1oY, samplmg rcspccm'uly.
These values are obtained after applying a

((1.,* MR e ) ) where

correction for 1,
nt

n is the number of degrees of freedom for
plots’.

It may be remarked that the experimental
percentage error per plot is relatively small
when compared to sampling error leading to
lower percentage of information. The entire
field seems to be quite uniform without
broad soil irregularities,
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b Nuwmmnry.
1) Normality of the grain vield of c 'mpltlc
harvest data ot paddy at Karjat was rtested.

2) Analysis of variance for eight sample

structures of six bunches per sample was
carrted out.
(3) The intra-class correlations present

within sample were worked out.

(4) The amount of information that could
have been gained by removing the intra-class
correlation in structure 111 was calculated and
found be 36.4%,.

(s) The percentage of total variance due” to
variation berween sampling units (f) and the
percentage information obtained were evaluat-

L'\‘.
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