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INTRODUCTION.

The branch of study known as Insect Population Study being rather of recent origin
the ideas about it are yet not quite clear. But, as there appears to be good unanimity of
opinion as regards the utility of this line of work, the same was taken up in 1941 in the laboratory
of the Imperial Entomologist, Imperial Agricultural Research Institute, New Delhi, on the
recommendation of Sir John Russel. As a result of the investigations so far carried out the
present forms the first of a series of contributions in which it is intended to elucidate the various
aspects of population problem.

The phenomenon of fluctuation in population of insects in nature has been attracting
the attention of a number of workers including, besides biologists, some mathematicians who
have rendered valuable service by contributing mathematical precision to this branch of study,
so much so that the population problem as it stands today is considered to be in the domain
of mathematical biology. Every species has an inherent capacity called Reproductive or Biotic
Potential which tends to raise its population-level indefinitely, but there are also some environ-
mental factors [Environmental Resistance] which oppose this motive force of population growth.
Environmental Resistance is a highly complex composite factor including all the biotic, climatic
and other agencies which bring about the death of the individuals before they are able to
complete their reproductive phase. Thus the task before the student of population fluctuation
is to study the interaction of two opposite forces, namely, the power of reproduction—Biotic
Potential and the force of annihilation—Environmental Resistance.

For a correct and scientific solution of population problems, it is of first importance to
develop sound technique for the estimation of population as well as for quantitative measure-
ment of factors governing population fluctuation. In the following pages the results of work
done while developing the statistical aspect of the technique of population estimation in the
field are reported.

2. NATURE OF EXPERIMENTS.

Tt need hardly be stated that in all cases of accurate population census, the ideal process
would be to count all the individuals but as it is obviously impracticable to do so, the process
of sampling has to be resorted to. For satisfactory sampling, one has to be clear firstly about
the nature of the samples, secondly about the number and size of samples, thirdly about the
method of sampling, and fourthly about the applicability of the usual statistical methods and
tests for the interpretation of sample counts. All these points depend on the nature of
distribution of the pest species under study and can be best decided by what are ap.tly described
as precision experiments. In these experiments a plot of suitable size is divided into smallest
practicable units and then the whole of the plot is examined unit by unit. Then by com-
bining the data based on the smallest units, units of all the various possible kinds, sizes and
shapes are formed and the suitability and desirability of edch type of unit is judged by deter-
mining and comparing the various statistical constants based on each type of sample unit.
The conclusions from these experiments can be utilised with due limitations for all further
work on that species. .

Tt will be found that in agronomical literature, there exist a large number of experiments
under the title of uniformity trials which are essentially of the same nature as precision
experiments referred to above but in entomological field this aspect has been tackled only in
three species of insects, namely: (z) the Japanese beetle Popillia japonica Newman (Fleming

VOL. XI1—No. 2.



62 S. PRADHAN & R. MENON : INSECT POPULATION STUDIES.

and Baker, 1936), (b) Heliothis obsoleta Fabr. (Marshall, 1936) and (c¢) Leptinotarsa decemlineata
Say. (Beal, 1939). A perusal of these papers will show the great necessity for investigating
this aspect of entomological economics.

3. MATERIAL AND METHOD.

The writers have carried out the Precision Experiment three times with spotted hollworms
of cotton as material. This pest has been selected for studying the population fluctuation
in nature mainly because of two reasons: firstly, this species belongs to the order Lepidoptera
which includes probably the largest number of major crop pests of India if not the world;
secondly, the spotted bollworm has already been under study for some years past in the laboratory
of the Imperial Entomologist and a good deal of information on its ecology necessary for
forming the background for field studies has already accumulated.

During each Precision Experiment, a plot ! of 1/40th of an acre (33’ x 33") was selected at
random from a big field of cotton (variety M.60A) of about 24 acres sown at the Imperial
Agricultural Research Institute Sub-station Karnal (Punjab). The number of cotton plants
in each foot-length of each row of this plot was systematically noted providing the following
information: (a) serial number of each plant in the whole plot beginning from one corner,
(6) total number of plants in each row, (c) the position of plant bearing each serial number
within the plot and the row up to the nearest foot-length, and (d) the serial number of plants
in each foot-length of the whole plot. After the above operation, serially numbered cloth bags
were hung successively on each individual plant and all the flowers, buds and bolls from each
plant were collected in its own respective numbered bag. The contents of each of these bags
were examined separately in the laboratory and the bollworm number as well as the number
of green and dry flowers, buds and bolls were categorically recorded. ¥rom the data thus
collected and based on the smallest practicable units of one plant each, the following types of
sample units were formed :—

A. Units formed on row-length basis:—

(@) Units formed contiguously from same rows—

1. Sample units of one-foot each.
2. ' » s two-feet |, (contiguous).
3. . 5 5 three-feet ,, v
4' ’ 3 13 four-feet ’ ”»
(b) Units formed from adjacent portions of adjacent rows—
5. Sample units of two-feet each (adj. row).
6. ' 5, three-feet , "
7. » s 5, four-feet |, (from two adj. rows).
8.

. »» 5 four-feet ,, (from four adj. rows).

B. TUnits formed on plant basis:—

{a) Units formed contiguously from same rows—
9. Sample units of one-plant each.

10. ' » 5 two-plants ,, (contiguous).
11. ' »» s three-plants,, "

12, ' » 5 four-plants ,, v

13. ' »s 5 five-plants ,, "

14, ' 5 Six-plants '

{6) Units formed from random plants—

15. Sample units of two-plants each (random).
16. ” »  three-plants ,, »
17. » » s, four-plants ”

1 Each time the plot consisted of 13 rows of 33 feet each. The total number of plants and the total
number of bollworms were 572 plants and 479 bollworms in the first experiment, 455 plants and 343 bollworms
in the second experiment, and 494 plants and 539 bollworms in the third experiment.
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18. Sample units of five-plants each (random).

19. ' » s Six-plants . »
20. . »» s Beven-plants ,, "
21. » 5 5 €ight-plants ,, '
22- 2 3 2 nine'PlafntS 3 EH]
23~ 3 3 ’ ten'Plants tH) 2

After the above grouping, the population data on bollworm number were separately
rearranged for each type of sample unit and the rearranged data were studied and analysed in a
variety of ways in order to answer a number of questions as presented below.

4., FREQUENCY DISTRIBUTION,

The most general idea about the nature of spotted bollworm distribution can be had from
the dot-diagram (Fig. 1A) of the data collected during the third experiment conducted from
20th to 22nd November, 1941. Frequency distributions with different types of sample units
are given in graphical form in Figs. 1 to 22. In each of these figures there are four graphs;

iA

Fi¢. 1A.—Dot-diagram showing the distribution of spotted bollworm in a plot of 1/40th acre selected at
random from a big field of cotton during the third experiment. Each dot represents one bollworm. The
vertical continuous lines are meant to separate the area occupied by the foliage of different rows of
cotton plants. The horizontal broken lines represent the imaginary lines runing across the rows at
distances of one foot.
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the three represent the actual frequency distribution found during three separate experiments
and the fourth thick smooth curve represents the theoretically calculated ideally normal curve
baged on the data of third experiment. The numbers along the abscissae represent the class-
values and those along the ordinates the frequency. The physical meaning of these graphs
is as follows: for example, the graph of the third experiment of Fig. 2 shows a frequency
of 214 against the class-value zero; this means that during that experiment and with
one-plant as unit, there were 214 units which did not harbour a single bollworm, whereas
a frequency of 131 against the class-value 1, shows that 131 units harboured one bollworm
each, and so on. The fourth thick theoretical graph is meant to show to what extent the graph
of the third experiment follows this graph and those of the other two experiments follow the
shape of this graph. The more closely the actual graphs follow the theoretical graph the more
closely approximates the bollworm distribution to be normal, i.e. that the distribution is of a
type to which (for our present purpose) most of the statistical formulae and calculations are

300
>
280 El 280 H
@
o
o
@ ‘
= :
260 | 260
M
«—— Class Value —>
240 | 240
"""" » First experiment.
20 U Second experiment. 220§

— Third experiment.

200 ff, — Theordlical normal curve. 400

180

160 150

140 140

120 120

100 100

0

{20

6 1 2 5 & 5 8 7 8 85 B il 61 % 5 4 5 6 17 8

1 One Fool. 2 One Plent.



65

8. PRADHAN & R. MENON : INSECT POPULATION STUDIES.

4 6 © 10

2

20

10

8 10 12

€

3

80

10

60

TwoFeel -Adj-

4

Two Feet-Comnt .

18

12 ¥ 1.

10

6 Three Feet - Adj-Rows.

12 14

10
5 Three Feet-Cont.

0 12 % 16

8

6

1 ¥ b

10

8 Four Feet -Adj. Rows.

7 Four Feet -Cont.



INSECT POPULATION STUDIES,

S. PRADHAN & R. MENON :

66

m .
: g
: °
: -]
3 [
. 2
*ﬂw )
m <
O = ) M
- ? i
: A
A= ;

T L. 1 °

w3
:.........:.:........H.&. - . 4
.)v.u"..u......... JRv
Setesbangyn i : 2 “ _
o o [=] o] PR a. o
& 8 £ © ] &3 ) 3 g N | 0
o o ° = ~
v <3 22 ] =] .

. LY
.m k-]
i o
: o
. )
; w
; [ +3
5 .
; v
s :
Qwu =
= Pl
o ™
-l

Lo

.4

o
[+]
]




67

S. PRADHAN & R. MENON : INSECT POPULATION STUDIES.

8 10 12 4

2 4 [2)
1 4' Four Plants - Random.

10 12

6 8

2 4

. 30

30

o) 2 4 6 8 10 12 14 16 o 2 & 6 8 10 12 W%
1 5 Five Pla.nts - Cont, 1 G Five Plants - Rahdom-
20 & 20
i g
10
6 8 10 12 14 16 18 0 2 4 6 8 10 12 14
1 8 Six Plants - Rendom.

1 7 Six Plants~-Ceant.

10
10 2 14 16

4 6 8
2 0 Eight Plails-Random.

10
2 44 6 8 10 12 ¥ 16
1 9 Seven Plants-Random-




68 S. PRADHAN & R, MENON : INSECT POPULATION STUDIES.
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Fras. 1-22. Graphs showing frequency distribution of bollworms with different types of sample units. The
numbers along the abscissa show the class-values and the numbers along the ordinates the frequency.

Correction.—The points plotted on the theoretical graph of Fig, 10 have to be multiplied by 1-26 in order
to get the correct frequency.
TasLE I.

Results of Normality Tests for Bollworm Distribution.

gy test. gs test. Chi-square test.
Nature of Size of
Units. Units. o S.E.g; g 8.E. g, |Chi-square p
= One-foot +1-7020 | +0:1179 | +8-9420 | +0-2352 | 291-7426 | <-01
2 Contiguous Two-feet +1-0839 | +0-1687 | +1:0773 § +0-3357 57-5836 | <01
:g Three-feet +0-9118 | +0-2027 { +1-0837 | +0-4028 23-5450 | <-01
% Four-feet +0-6356 +0-2368 —0:4911 +0-4695 187824 | >-1 <2
=
2 Two-feet 412043 | +0-1728 | +1-7418 | +0-3440 55:-5872 | <01
g Adi. Tows Three-feet +1-4690 { +0-2109 | +3-3650 { +0-4188 25-3048 | <-01
2 1 4 feet (4 rows) | +0-6519 | +0-2426 | +0-4216 | +0-4806 17-9002 | >1 <2
4 feet (2 rows) | +0:7561 +0-2463 +0-3117 +0-4878 121196 | >-5 <7
One-plant +1-6350 | +0-1098 | +2:6350 | +0-2193 | 163-6515 | <-01
Two-plants +0-9581 | 40-1556 [ +0-8910 | +0-3099 36-2872 | <01
Contiguous Three-plants +0-7508 | 4+0-1913 | +0-1900 | +0-3802 288741 | <01
Four-plants +0:4696 | $0-2209 | —0-5769 { +0-4383 25-8670 | <01
Five-plants +0-7098 | +0-2514 [ —0-3353 | +0-4977 23-9861 | >-02<-05
. Six-plants +0-5578 | +0-2723 | +40-1803 | +0-5382 14-7114 | >-3 <5
A
g Two-plants 408734 | +0-1549 | +0-0550 | +0-3086 50-3296 | >-01
- Three-plants +0-5887 | +0-1895 | +0-1181 | +0-3770 10-9163 | >-2 <3
g Four-plants +0-6080 | +0-2183 | +0-4712 | £0-4331 11:3167 | >-2 <3
= Five-plants +0-4934 | +0-2438 | —0-1342 | +0-4813 12:2066 | >3 <5
Random Six plants +0-0298 +0-2658 —0-8471 +0-5258 12-7215 | >3 <6
Seven-plants —~0-0973 | +0-2867 | —0-7658 | +0-5665 56417 | >-9 «<-95
Eight-plants +0:0183 { +0:3063 | —0:5880 | £ 0-6040 6-4818 | >-9 < 95
Nine-plants +0-1208 | +0-3246 | —0-8399 | +0-6389 12-8835 | >5 <7
Ten-plants 404493 | +0-3398 | —0-4422 | +0-6680 158192 | >3 <5

most ideally applicable. ¥rom these graphs it will be seen that from absolutely asymmetrical
graphs, i.e. skew nature of distribution with the smallest practicable units of one plant and
one foot each, the graphs are tending towards symmetry and the distribution towards normality
with the increase in size of sample units. As will be clear from Table I, the same conclusion
is confirmed by the ‘Chi-square’?! test and by calculating the values of gy’ and ‘gy’, i.e.
statistical calculations in order to assess the ‘goodness of fit’ between the actual distribution
and the ideally normal distribution. A comparative study of Table I with Figs. 1 to 22 will
also show what the calculated goodness of fit actually means.

1 In calculating the values of Chi-square, it may be noted that the ordinates at the points given by the
equation
22
N T2
— e
aJ 2m
(actually ¥ = Z.N/o taking Z from Sheppard’s Tables I and II, Biometrika 2 : 182-188) have been taken
instead of the area between the ordinates at the two limits of each class as is the usual practice. This deviation
we have thought necessary because in our case the classes are not composite classes formed by grouping

Y =
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'The shape of the sample units appears to have less effect on the nature of frequency
distribution than size.

It may be noted that for normal distribution the value of both ‘g,’ and ‘g,’ should be
zero. Therefore in the above table when the value of ‘g,’ or ‘gs’ exceeds twice its standard
error (S.I£.) it shows a significant departure from normality; a positive value of ‘g, (+)
shows positive skewness, i.e. tilting of the frequency graph towards the reader’s left and a
negative value of ‘g,’ shows negative skewness, i.e. tilting of the graph towards the right. The
positive value of ‘g,’ means that the graph is too much peaked and the negative value of ‘g,’
shows that the graph is too much flat. As regards the Chi-square test, the lesser the value of
P the lesser is the probability of the distribution being normal. The value 0-01 of P means
that the probability of the ohserved distribution being only a chance variation of the normal
distribution is only one in one hundred.

5. COEFFICIENT OF VARIATION.

The coefficient of variation with different types of sample units was calculated with the
data collected during the three experiments as given helow in Table II and graphed in
Figs. 23-25.

Tasre II.
Coefficient of variation with different types of sample units.
COEFFICIENT OF VARIATION.
Nature of Unit. Size of Unit. I Exp. II Exp. III Exp.
% % %
8 One-foot .. 138-0 160-3 131-5
2 | Contiguous Two-feet .. 89-4 109-7 92.7
o Three-feet . 811 89-3 77-4
% ~ Four-feet .. 65-8 78-5 67-2
=)
~ Two-feet . 94-1 107-4 92.3
B Adi. row Three-feet .. 785 90-9 81-2
é J- s Four-feet (2 rows) 70-2 79-6 63-6
Four-feet (4 rows) 67-2 71-9 69-8
One-plant .. 126-5 131-5 119-2
Two-plants .. 92-1 93-3 84-3
Conti Three-plants .. 80-5 759 747
ontiguous Four-plants .. 693 681 65-2
Five-plants .. 64-6 61-3 63-4
Six-plants .. 63-4 58-0 58-1
4 I Trial II Trial.
< Two-plants .. 90-3 93-1 85-2 88-6
] Three-plants .. 728 80-9 68-9 64-7
= Four-plants .. 41-7 63-4 58-1 63-2
A Five-plants .. 59-6 57-0 51-2 51-2
Random Six-plants .. 56-9 59-5 45-9 46-2
Seven-plants .. 49-3 47-7 38-8 46-6
Eight-plants - 46-8 41-6 37-3 39-6
Nine-plants .. 43-3 44-9 36-9 33-78
\ Ten-plants .. 411 43-2 36-1 42-5

A study of the above table indicates the following conclusions:—
{a) As the size of the sample units is increasing the coefficient of variation is decreasing
with striking smoothness.
(b) The units formed by combination of random plants appear to be better than other
types of the same size.

together smaller classes and therefore have no two limits. For example, a class of, say, 2 bollworms cannot
be taken to have its range from 1-6 to 2:5, because in nature there is nothing like 1-6 bollworms. It may
also be mentioned that Mr. P. V. Krishna Iyer, Statistician, I.A.R.I., who was kind enough to go through
the manuscript and discuss the various points, did not agree to this deviation. The points of difference are,
however, too subtle to be tackled by the way here and are therefore deferred for some other occasion. For
the present we are only pointing out the caution necessary in putting reliance on the values of Chi-square
given above.
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It may be noted that it is quite natural to expect the conclusion (b) above on theoretical
grounds as well, because the process of combining the random initial units is bound to level
up to a certain extent the original"unevenness of distribution. It is like shaking up a rather
heterogeneous mixture till it becomes more or less homogeneous. This consideration is of
interest specially in view of the fact that the findings of different workers differ rather widely
as regards the relative merits of systematic and random sampling.

6. RELATIVE STANDARD ERROR.

A study of the table of coefficient of variation with different sizes of sample units will
certainly give the impression that the larger the size of the units the lesser the coefficient of
variation and thus the more accurate the result, but another point which has to be kept in view
is that with a fixed percentage of the population sampled, i.e. with a fixed number of plants
examined, the number of sample units decreases as their size increases and with the decrease
in the number of the sample units there is increase in the standard error of the mean. Now,
as it is the standard error and not the coefficient of variation that is used in determining the
significance of difference between means, there can be reasonable apprehension that the increase
in size of sample units may actually be detrimental to the accuracy of estimation. As the
percentage of the population sampled is often limited by the availability of observers we have
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Fi16. 26. Graphs representing the relative standard error with two sizes of units and different number of
plants examined. Thus, for example, when 18 plants were examined with two-plant (contiguous) unit,
there were only 9 samples; so the relative standard error was calculated by dividing the coefficient of
variation found with this unit in Table II (II1 Exp.) by the square-root of 9. On the other hand, when
24 plants were examined there were 12 samples with the same unit; so in this case the same ¢.v. was to be
divided by the square-root of 12,
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TasLE III.
Relative Standard Error with Different Types of Units.

RELATIVE STANDARD ERROR.
Nature of Unit. Size of Unit. I Exp. I1 Exp. III Exp.
% % %

B One-foot 6.7 77 6-4

3 . Two-feet 6-2 7-6 6-5

ﬁ Contiguous Three-feet 6-8 75 6-5

€ Four-feet 65 77 6-6
=]

f: . Two-feet 6-7 7:6 66

: Three-feet 6-8 7-9 7:1

p% Adj. Tow Four-feet (2 rows) 7-0 8-0 6-4

Four-feet (4 rows) 7-0 7-3 7-1

( One-plant 53 6.2 48

Two-plants 56 6-3 54

: Three-plants 5-9 6-3 59

Contiguous Four-plants 5-9 66 6-0

Five-plants 6-2 67 - 6-9

. Six-plants 6-7 7-0 6-6
.z

E Two-plants 53 6.2 5-4

2 Three-plants 52 6-6 54

g Four-plants 35 6-0 52

= Five-plants 56 6-0 52

Random Six-plants 5-8 6-9 5-1

Seven-plants 5-5 5-9 46

Eight-plants 56 56 4-8

Nine-plants 55 6-3 50

\ Ten-plants 54 6-4 5-2

to investigate the resultant of two opposite effects, namely: (a) due to the increase in size of
sample units, and (b) due to the corresponding decrease in the number of sample units. With
this idea in view we have calculated for different types of units the relative standard error, i.e,
the standard error of the mean expressed as percentage of the mean, taking into consideration
the highest number of sample units possible in the whole of 1/40th acre plot with each type of
sample units as given in Table III. This table will show that all the advantageous effects of
the increase in size of sample units, so evident from Table 11 and Figs. 23-25, have been almost
completely nullified and in some cases more than nullified. Thus, for example, in the case of
sample units formed from contiguous plants it is seen in all the three experiments that whereas
the coefficient of variation decreases with the increase in size, the relative standard error shows
continuous rise.

A careful consideration of these results tends to a generalisation which might prove to be an
axiom, namely, the utility, futility or harmfulness of the increase in size of the sample units
depends on the rate with which the coefficient of variation decreases (if at all) with the increase
in size of sample units; if this rate is experimentally found to be more rapid than the rate with
which the relative standard error will rise due to decrease in number, then the increase in size
will be useful; if the two rates will be equal, the size of the sample units will be immaterial,
and if the former will be slower than the latter the increase in size will be actually harmful.

Those who would like to retain the coefficient of variation as the chief criterion for selecting
the best type of sample unit, may advance the argument that the facility of work or the avail-
ability of observers should not modify our conclusion about the best type of sample unit and
that we should select the unit with the least coefficient of variation and then arrange for staff
sufficient to examine a suitable number of that unit. As an answer to this argument we are
graphing in Fig. 26 the relative standard error of the mean for two different sizes of sample
units against the different number of plants examined, i.e. against the different percentage of
the population sampled. These graphs have been prepared by taking the values of coefficient
of variation of Table II as constant for each size of sample unit and then finding out the relative

standard error by dividing them by 4/7 where ‘n’ represents the number of sample units possible
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with that fixed size of the unit and that fixed number of plants examined. These graphs will
show that although the coefficient of variation with six-contiguous-plant-unit (Table II, 3rd Exp.)
is far less than that with two-plant-contiguous-unit, the relative standard error with six-plant
unit remains continuously higher than that with two-plant unit, showing definitely that for
the same amount of labour involved the two-plant unit will give a finer estimate than six-plant
unit. It may again be stressed that in all such discussions labour must be taken as a rigidly
limited factor. The process of sampling is a child of necessity for saving labour. As has
already been pointed out, if the question of labour is not to arise the best process of census is
not to resort to sampling but to count all the individuals.

7. ANALYSIS OF VARIANCE,

The analysis of variance with different sizes of sample units is given in Table IV. From
this table it will be clear that the variation within, i.e. along the rows, is generally less than
between the rows, i.e. across the rows. This finding is similar to that of Marshall (1936) in the
case of Heliothis obsoleta.

The variance given in the following table under the caption ‘within rows’ is actually the
variance between the imaginary columns of one, two, three or four feet width running across
the actual rows in the field-—shown by broken lines in Fig. 1A. As there are no columns in the
ficld and as the variance between imaginary coclumns represents the variation from foot to foot
along the rows, the term ‘within rows’ has been applied.

TasLe 1V,
Analysis of Variance with Different Types of Sample Units.
Between Rows. ‘Within Rows. Error.
Nature and Size of Sample Unit. p.F, |Veriance X p.F, | Variance X p.F, |Varance
K. V1. L V1. o V2.
I. Experiment.
One-foot .. 12 4-825 2-109 32 2:491 1-088 384 2-288
Contiguous Two-feet, .. 12 8:053 2-298 15 5:686 1:-622 180 3:505
g . Three-feet .. 12 14-450 2:212 10 8860 1-356 120 6-533
Four-feet .. 12 16-110 2178 7 8-114 1-017 84 7-395
Two-feet 5 10-120 2-806 32 4-970 1-418 160 3-503
Adi. rows Three-feet, . 3 18-230 2-450 32 7-470 1-414 96 5-284
. Four-feet (4 rows) 2 34-800 6-121 32 9-950 1-749 64 | 5684
Four-feet (2 rows) 5 19:770 2991 15 11-48 1-737 75 6-:610
II. Experiment.
One-foot .. 12 2-926 1-882 32 2-207 1-419 384 1-5556
. Two-feet o, 12 6-123 1-969 15 2-190 0-704 180 3-111
Contiguous Three-feet 12 5750 | 1-254 | 10 3320 | 0724 | 120 | 4-584
Four-feet .. 12 12-250 2:032 7 5:250 0-873 84 6:027
Two-feet 5 7-000 2.-538 32 4-344 1-575 160 2:758
Adi. Tows Three-feet 3 16-530 3-940 32 6-518 1-553 ‘96 4-197
J. TOWS Four-feet (4 rows) 2 | 25620 | 4562 | 32 8:696 | 1-548 64| 5615
Four-feet, (2 rows) 5 14-450 2-529 15 3-755 0-654 75 5-738
III. Experiment.

One-foot o] o12 4284 | 1533 | 32 3556 | 1-273 | 384 | 2793
. Two-feet . 12 8:229 1-614 15 7-610 1-497 180 5:083
Contiguous Three-foet 12 ) o1z810) 1672 10 | 1861 1-776 | 120 | 7-660

Four-feet .. 12 16-460 1-568 7 14-92 1-421 84 10-50
Two-feet 5 | 13480 | 2695 | 32 7-29 14459 | 160 | 5-002
Adi. rows Three-feet . 3 19-170 2-123 32 10-93 1-211 96 9-028
i Four-feet (4 rows) 2 4-805 0-546 32 14-57 1-657 64 8:797

Four-feet (2 rows) 5 25:280 2-212 15 16-16 1-414 75 11-43

N.B.—'X’ means Mahalanobis’ value of ‘z’, i.e. V1/V2 (Ratio of Variance). The figures in bold have
been found to be greater than the corresponding five percent points of distribution of the ratio of variance
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given in Mahalanobis’ Table I11 (Ind. Journ. Agri. Sci., 11, 1932, 686-687) showing that these variances
are significant at 59, level.
D.F. means Degrees of Freedom.
8. CORRELATIONS,

In order to investigate if the distribution of bollworm is random: or is in some way affected
by the distribution of the plants or the condition of the plants as indicated by the number of
buds and bolls on them, the following coefficients of correlation were worked out :—

(a) Coefficient of correlation between bollworm number

and number of buds and bolls per plant = +0-4703
(b) Coefficient of correlation between bollworm number

and number of buds and bolls per foot = 40712
(c) Coefficient of correlation between bollworm number

and number of plants per foot = 40-5351

All these values show significant positive correlations indicating that the distribution
of bollworm is not random but is significantly affected by the number as well as the condition
of the plants.

9. CONCLUSIONS.

Taking into consideration the various points discussed in the foregoing pages, the following
conclusions are indicated regarding the procedure of field census of the bollworm population.

1. The sample units should be formed on random plant basis.

2. The coefficient of variation decreases with the increase in the size of sample units but this effect
is at times more than nullified by the corresponding decrease in the number of sample units
(keeping the total number of plants examined as constant). Due to these two opposite effects
the relative standard error fluctuates within rather negligible limits. This consideration should
lead to the conclusion that the size of the sample units is actually immaterial. But, if we
look back to the nature of frequency distribution we find that from absolute skewness with
smallest unit the frequency distribution tends towards normality with the increase in the size
of sainple units, Now as the usual statistical tests are based on the assumption of a normal
distribution and as the harm done (if at all) by the larger units is not much in raising the relative
standard error of the mean, the balance again comes in favour of larger units. But this increasing
of size must not be continued beyond the limit which is absolutely essential for satisfying the
condition of normal distribution because with increase in size the number of classes goes on
increasing as will be seen from Figs. 1-22 and the concentration round the mean goes on
decreasing, and although the coefficient of variation remains decreasing with the increase in
size the actual range of variation increases. Thus, for example, with two-plant-random-unit
there are nine classes (0 to 8), i.e. we get units harbouring 0 to 8 bollworms per unit but with
ten-plant-random-unit we get units harbouring 1 to 19 bollwormis per unit. From all these
considerations it is concluded that units formed of 5 to 7 random plants will be of suitable size.

3. As the analysis of variance shows generally greater variation between the rows than within the
rows, care should be taken during sampling to include in the observation as many rows as
practicable.

4. As there is rather significant correlation between the bollworm number and the condition of the
plants as indicated by the number of buds and bolls on them, it may be worth while to study
the population fluctuation with the hLelp of adjusted population.
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