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ABSTRACT: The present paper describes the fitting of inflated modified power series distribution
(IMPSD) on insect count data. When modelling data consisting of counts, it is not uncommon to observe
mor e zeroes than would be expected. The extra zeros may be a result of over-dispersion in the data. if
ignoring extra zero result can be biased parameter estimates and standard errors. To overcome this
difficulty, we use zero inflated power series distribution. In a zero-inflated count distribution, an additional
term is added to account for these extra structural zeroes. This help to get unbiased parameter of
distribution. The parameter of IMPSD estimated by method of moment (MM), Method of proportion of
zeroth cell (MPZC) and method of maximum likelihood (MLE). The result show that distribution is
adequate to describe inherent variation of insect.

Keywords: Modified power series distribution, Insect count data, Method of moment, MPZC, Method of

maximum likelihood, x* test of goodness of fit.

INTRODUCTION

Modified power series distribution (MPSD) describes a
mixed population consisting of two groups of
individuals. The individuals of the first group always
contribute to the " cell, whereas the individuals
belonging to the second group may contribute to any
cell according to the MPSD. In such circumstances, the
probability distributions based on certain redlistic
assumptions can be test. Gupta (1974) studied the
application of MPSDs in genetics and derived a general
expression.

Grassia and Hardy (1970) suggested application of the
inflated Poisson distribution to eggs per floret of clover
seed moth. Sharma (1988) suggested Polya-Aeppli
distribution with zero. Saini and Sharma (2021)
suggested size biased generalized negative binomial
and Poisson Distributions on Crop Pests Data analysis.
Patel and Saini (2020) studies of zero inflated power
series distributions for modelling agricultural data. Yau
et al. (2003) determined the zero - inflated negative
binomial mixed regresson modeling of over -
dispersed count data with extra zeros. Wang (2001)
discussed a class of Markov zero- inflated Poisson
regression models for a time series of counts with the
excess zero relative to Poisson distribution.
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A large number of discrete distributions, besides
binomial, Poisson and negative binomial are available
in recent book of Johnson, Kotz and Kemp (1992).
They had advocated some modified forms of the
univariate discrete distributions.

MATERIAL AND METHOD

The present investigation advocates the suitable I nflated
modified power series distribution which are applied to
the insect count data on whiteflies population of moong
crop. The data taken from M.Sc. (Agril. Stat) Thesis of
Samjksha Bhodriya, Jawaharla Nehru Krishi
Vishwavidyalaya, Jabal pur, Madhya Pradesh.

Modified Power Series Distributions. R.C. Gupta
(1974) first originally defined and studies modified
power series distributions given below:

Let X be a discrete random variable with probability
distribution function:

w(k). ¢ (8%
XY =f|l==2= """ Tg
plX k| 10 ke T
Where, T is asubset of the set of non-negative integers,
a(k)>0, g(® and f(B)are positive, finite and

differentiable. In case g(8) is invertible, it reduces to
Patil's (1962) generalized power series distribution and
if in addition of T the entire set of non-negative
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integers, reduces to power series distribution first given
by Noack (1950)
P[X=K =pc(k=0,12.........)
Then the inflated modified power series distribution
(denoted by primes) is defined as.
Ph=1-w+wP, (€Y)
P.=wP(k>1) (2)
with0 <w <1
Sometimes @ may be greater than 1 decreasing the
proportion of zeros.
Were w is the proportion of exposure of the risk of
happing insect on moong crop.
(i) inflated binomial distribution
Jain and Consul (1971) had defined a generalized

afn+pl)  [9(1-0)F~1 ]k
ki I'(n+fk—k+1) (1-d)~"
K=0,1,2....

PIx=K] =

were B is parameter.

Inwhich  g(8) = (6)(1- 0)*%; f(6) = (1- 6)™

Then the mean and variance of inflated binomial
distribution becomes.when f§ =0

I, = wnf

u, = wnb(1- 0)+ w (1 — w) n* 6

Similarly taking p = 1, it reduces to inflated negative
binomial distribution, thus mean and variance of this

distribution
Mean = wg(0)f'(0) _ wnd
f(e)g'((ﬁ) ; (1- f(i) :
; wn® (1-6 1-w)n2 62
Variance= 167 oy

(ii) Inflated Poisson distiibution
Consul and Jain {1973) had given a generalized Poisson
distribution Eiven by

P[X=k] = LT—"— e~ (Ar+Ak) ® 6F
Inwhich  g(8) = 61,6
f(6) =10
IfA=0,and 6 =1

We have the mean and variance of inflated Poisson
distribution and thus for consequently inflated Poisson
distribution.

m’=w /.1.]

my’ = w At (1 — w)A,’

Estimation of Parameters. This distribution consists
of two parameters w and 8 and these are estimated by
three methods given below:

(i) Method of proportion of zeroth cell (MPZC):

In this method, the observed proportion of zeros (no/N)
and sample mean (m,") are equated to their
corresponding theoretical values. It isi given below:

l-w+w——=
f(H)()
' wg(@)r®
and my = T e

The two parameters were estimated from above.
In particular, inflated binomial distribution
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n/N=1-— o+ wq"

m’=wnp

Assuming n is known, w and p can be estimated.
Similarly in other inflated, distribution, the estimation
of parameters was determined.

(i) Method of moments (MM):

The, ™ moment about zero of the inflated distribution
is given by @ (™" moment about zero of the original
distribution}

Thus, the mean and variance of inflated modified power
series distribution become,

a)g(())f'“")

1(6)g®

. K (e _d
variarce = w [W F) uy +pZ(— w)]

In particular, inflated binomia) distribution
m’=wnp

my’ = wnpg+ @ (1 — w) n’p?
Assuming n is known @ and p can be estimated.
Similarly, in other inflated distribution, the estimation
of parameters was determined.
(iii) Method of maximum Yikelihood (MLE)
N function given by (1) and (2), the likelihood function
can be written as

_ il ag ' ﬂ(-‘f)g(e)
L_[1 w+wﬂe]HK1 {0 (222 nk

where ny is the sample frequency of k, n is the number
of non — zero sample observation (n = N — ng) and I the
product over n non — zero observations. R is the largest
number of insects.

Taking logarithm of L, differentiating with respect to
@ and B and setting the derivative equal to zero gives
the estimating equations.

mean =

We have
log L= n; log [1 -w+ w;z;] + YR m
(K)g(O)k
1 S\eIg e
d(logl) = . Ao + n
do 1— o (r(e) (1 f(e) ) ® 0
alk)
a(logL)_ -nb. w. ag f(B)~2. £(H) kg(n;w— a(k)f(6)

ng
+ ZE:l —

a0 1- ot+e (%) Pk F(0))?
In above mentioned' parameters in each, they were
estimated by equating the observed proportion of
zeroes, mean and variance to their theoretical values
and by maximum likelihood method.

RESULTSAND DISCUSSION

Inflated modified power series distribution. Table 1-
4 describes the distribution of observed and expected
number of moong plant according to number of
whiteflies observation recorded 20 days interval before
and after insecticide spray. The inflated binomial, and
Inflated Poisson distribution was fitted by three
methods described as above. In these distributions, the
values of @, p and A in three methods are found to be
1.0085, 1.9568, 1.00 and 0.3165, 0.3336, 0.3192
respectively before first insecticide spray. 0.9979,

14(1): 771-776(2022) 772




0.9779, 0.9800 and 0.5047, 0.5150, 0.5139 after first
insecticide spray, whereas the value of @ and 1 are
100, 1.00, 102 and 0.8871, 0.8155, 0.8768
respectively before second insecticide spray. 0.8477,
0.9044, 0.86 and 0.865, 0.81, 0.8459 respectively after
second insecticide spray. It shows that al the moong
plants are exposed to the incidence of whitefly. The
MPZC and M.L.E. provide good fitting of inflated
binomial. For applying a X* test, some last cells are
grouped. The values of X% in Table 1 are 14.73, 16.60,

15.09 in Table 2 are 3,97, 9.25, 4.63, for Table 3 are
11.72, 7.55, 7.22, and Table 4 are 0.27, 0.76, 0.30
respectively under method I, Il and Ill. Since the
calculated value of x? is found to be less than tabulated
value at 5% level of significance therefore data is well
fitted. For visual displayed, the graphical
representation of inflated binomial and inflated
Poisson distribution using three methods of fitting
are exhibited in Fig. 1-4.

Table 1: Distribution of observed and expected number of moong plants according to number of whiteflies on
the observation recorded beforefirst I nsecticide spray.

No. of whiteflies Observed Inflated binomial distribution
) freguency MPZC MM MLE
0 8 8.0 22.4 104
1 46 45.2 36.9 437
2 95 83.6 73.8 82.1
3 86 90.4 86.2 89.8
4 52 62.8 64.8 63.1
5 22 29.1 32.4 29.6
6 15
7 3
8 5 10.9 13.5 11.3
9 1
Total 330 330.0 330.0 330.0
Estimates of @ =1.008 @ =0.9568 @ =1.00
parameters p =0.3165 p =0.3336 p =0.3192
X2 14.73 16.60 15.09
d.f: 5 5 5
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Fig. 1. Distribution of observed and expected number of moong plants according to number of whiteflies on the
observation recorded before first insecticide spray.
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Table 2: Distribution of observed and expected number of moong plants accor ding to number of whiteflies on
the observation recorded after first insecticide spray.

Number of Observed Inflated Poisson distribution
whiteflies freguency MPZC MM MLE
0 137 137.0 147.0 137.0
1 118 106.0 96.9 107.3
2 42 53.0 49.8 53.3
3 19 21.0 22.1 215
4 6
5 5
3 > 13.0 14.2 10.9
7 1
Total 330 330.0 330.0 330.0
Estimates of @ = 1.00 @ =1.00 =1.02
parameters A =08871 A=0.8155 1-0.8768
X 3.97 9.25 4.63
df. 3 3 3
160
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Fig. 2. Distribution of observed and expected number of moong plants according to number of whiteflies on the
observation recorded after first insecticide spray.

Table 3: Distribution of observed and expected number of moong plants accor ding to number of whiteflies on

the observation recor ded before second insecticide spray.

Number of Observed I nflated binomialdistribution
whiteflies frequency MPZC MM MLE
0 1 1.00 75 6.8
1 6 3.0 2.5 2.5
2 18 13.7 11.8 12.0
3 35 37.7 33.4 33.8
4 62 66.2 62.0 62.5
5 78 81.0 79.1 79.3
6 67 68.8 69.9 69.8
7 38 40.1 42.4 422
8 17 15.3 16.9 16.7
9 7 3.2 4.5 4.4
10 - 1
Tota 330 330.0 330.0 330.0
Estimates of @ =0.9979 @ =0.9779 W =098
parameters $ =0.5047 $=0.5150 $=0.5139
X2 11.72 7.55 7.12
d.f. 7 7 7
Saini etal., Biological Forum — An International Journal  14(1): 771-776(2022) 774




Number of plant

90
80
70
60
50
40
3
2
1

0

o O O

JL-I'I'IIIIIL-

mMPZC
"MM
EMLE

0 1 2 3 4 5 6 7 8 9to

Number of whiteflies

10

B observed frequency

Fig. 3. Distribution of observed arid expected number of moong plants according to number of whiteflies on the
observation recorded before second insecticide spray.

Number of plant

180
160
140
120
100
8
6
4
2

o O O O O

0 1 2 3

Number of whitefly

B observed frequency

EMPZC
=MM
MLE

4t05

Fig. 4. Distribution of observed and expected number of moong plants according to number of whitefly-on the
observation recorded after second insecticide spray.

Table4: Distribution of observed and expected number of moong plants accor ding to number of whiteflieson
the observation recorded after second insecticide spray.

No.of whiteflies Observed Inflated Poisson distribution
) frequency MPZC MM MLE
0 168 168.0 164.2 168.0
1 103 101.9 107.6 103.0
2 42 441 43.6 43.6
3 14 12.7 11.8 12.3
4 2
5 1
Total 330 330.0 330.0 330.0
Estimates of @ =0.8477 @ =0.9053 @ =0.86
parameters A=0.865 A=0.81 1=0.8459
X 0.27 0.76 0.30
d.f. 2 2 2
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COCLUSION

1. The present result shows that Inflated, binomia and
Poisson distribution was found adequate to explain the
inherent variation of insect population on moong crop.
2. For estimation of parameters the method of moments,
method of proportion of zeroth cell (MPZC), and
maximum likelihood estimation method were found to
be the suitable.

FUTURE SCOPE

When the number of occurrences of whitefly were
more, it was difficult to make a regular frequency
distribution. Therefore, the fitting of adequate
distributions help to designing efficient sampling
programs for population estimation, development of
population models and pest management.
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