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ABSTRACT

The mealybug, Planococcus citri Risso is one of the important insect
pests of citrus in Meghalaya. India. Different regression equations were
used to find the best-fit model to this pest. The result showed that P. citri
followed a negative bil]Q_mialmodel with an Iwao's regression equation
X* = 2.6731 + 1.2916 X (R2 =0.9794). These derivations are useful for
analyzing the spatia-temporal changes in population including the density
dependent and density independent processes under certain conditions.

INTRODUCTION
The insects including their different life stages feeding or resting on a crop distribute

themselves in a unique manner which is specific to its own and such a phenomenon depends
on the genetic characters of the insect pest and crop phenology. The knowledge of spatial
distribution is vital in pest ecology because complex of biotic and abiotic factors influence the
population to fluctuate according to the climate, nature of crop and abundance of natural
enemies which attack them. The distribution of parasites and predators is governed by the
distribution of their host preys and lastly the tritrophic relationships (Tandon and Veeresh,
1987).

The mealybug, Planococcus citri Risso is a regular pest of citrus apart from two dozen
insects feeding on citrus (Sachan and Gangwar. 1982) which is an important pest of
micropropagated citrus plants in north eastern hill region (Pathak and Rajasekhara Rao,
2000; Pathak et. a/., 2000). Successful management of P. cifri depends on its distribution in
space and time. The spatial distribution helps in development of population models and
accordingly management measures are anived and in particular the mode of pest management
tactics.

"MATERIALS AND METHODS
Ten citrus (Citrus reticulata Blanco) trees (10 years age) were selected and three twigs

on each tree were randomly selected and tagged for the meal bug colony counts. The number
of mealybug colonies was counted on all the leaves in a twig. The counts included the colonies
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present on both abaxial and adaxial surface of the leaves. Observations were recorded once
lina month throughout the year. The data were divided into three categories synthroniiing with
the three flushes of citrus in NEH region. The first flush appeared in January-February, second
in June-July and the third in September-October. The first two flushes are important and the
last in minor. The weather during the first flush period was dry-cooler, second-humid-rainy and
third-cool-winter.

Various indices of dispersion were used to analyze the P. citri distribution without any
prior assumptionof fhe type of distribution. Three basic units used for fitting the distribution
we.re mean (X) variance (s2) 'and the number of samples (n or N) on which the mean was
based. The mean number of mealybug colonies as per their respective sampling units (X) and
the variance was calculated for each date of observation. The simplest approach used was
Variance Mean Ratio (VMR). The value of VMR is one for Poisson distribution and less than
one for regular or positive binomial and more than one for aggregated or negative binomial
distnbution. The index of clumping of David & Moore (1954) was calculated with IDM = S2/X -1,
which gave a value of zero for a random, positive value for negative binomial and negative for
positive binomial. The value 'I< of the negative binomial-a measure ofthe amount of clumping
and often, referred to as the dispersion parameter was calculated with the method of Katti and
Gurland (1962). As the values of k becomes larger, the distribution approaches Poisson,
while fractional values of k indicate a distribution tending towards the logarithmic series,
which occurs when k = O. As the observations were recorded during different seasons of a
year, and to ease the comparison, a common k was calculated by moment or regression
method (Bliss, 1958). A further graphical test of the homogeneity of the samples was done by
plotting 1/k against the Xl'or each new flush.

The relationship between S2andX' of a series of samples was done with Taylor's power
law g2 = aXb (Tayloret. al., 1978). The concept of mean crowding was used to indicate the
possible effect of mutual interference or competition among individuals. The sample estimate
of mean crowding (X*) was calculated by X* = X + (S2/X - 1). The ratio of mean crowding to
mean density (X*/X) is called patchiness (Lloyd, 1967) whose value is less than one, equal to
or larger than one in under-dispersed, random and clumped distribution, respectively. The
Iwao's patchiness regression-index X * = ex + ~was also calculated over a range of densities
(Iwao, 1972). The constant which is the intercept on X* axis is called the index of basic
contagion. The coefficient ~ is related to the pattern in which P. citri utilizes its habitat and is
called density contiguousness coefficient. The distribution with ex~ 0 and ~;;::1 corresponds to
the negative binomial series. The distribution with 0 = 0 and ~ = 1 and ex< 0 and ~ <1
corresponds to models of randomly (POisson) and regularly (positive binomial) distributed
colonies, respectively. The Mean colony size of P. citr; per sampling unit (C*) was calculated
as per Tanigoshi et. al (1975). The coefficient of variation (CV) was also worked out.

RESULTS AND DISCUSSION
The number of mealybug colonies per twig were less during severe winter months

(December-JamJ'ary) when compared to the rest of the period in the year. There was a gradual
growth in the mealybug population and during the second flush period the population was
peak and continued upto October in the third flush. The moderately hot and humid climate in
Meghalaya during the second flush period was favourable for pest build up rather than the cool.
and dry climates (Table 1). ..
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Various parameters were used to study the distribution pattern of P. citri. Very high
values of variance of P. citri colonies per twig above the mean number of colonies resulted in
higher values of VMR. VMR was more than one during all the three flushes and ranged
between 19.36 to 28.46 in the second flush indicating a highly congregated nature of P. citr;
colonies on citrus. Most commonly in such studies the variance was found to be la~r than
mean l.e. the distribution is contagious (Shukla and Pathak, 1987; Sekhar and Singh, 1999).

The dispersion parameter 'k' is a measure of amount of clumping and it was ranged
between 1.72 to 4.79 during the period indicating a negative binomial distribution of P. citri
except 'inJanuary. The low Kc value was low during the first flush and gradual 'increase during
remaining two flushes indicated that the population tended to disperse at a very high density.
Neither a trend nor a clustering of points was observed when the values of 1/k were plotted
against X for each flush indicated homogeneity of samples. It further indicated that the P citrl
followed a negative binomial distribution with low Kc values.

The David & Moore Index ,(10M) values were all positive supporting the negative binomial
distribution of P. citri. The extent to which mean crowding is greater than their respective
mean values is called Lloyd's patchiness index. It was also found greater than unity indicating
precisely the negative binomial distribution. The mean colony size of mealybug (C*) per twig
was also greater than their respective means. The values of CV were all on higher side and
approaching towards one indicating the negative binomial distribution of P. citri. It was evident
from the results that the smaller the 'k', the larger the CV. The degree of aggregation of a
population which 'k' expresses affect the influence of natural enemies (Waters, 1959). The
negative binomial was found useful in describing the pattern of predators attack on prey
(Hassel,1978).

A definite approach for arriving at the distribution model of P. citri was found with Taylor's
power law and Iwao's patchiness regression equation (Table 2). The index of aggregation 'b' of
power law was very high as it was >1 showing a strong contagion and in conformity with the
findings of Taylor (1961). The density contagiousness coefficient ~of the Iwao's patchiness
regreSSion was also >1 in all the three flushes indicating a negative binomial distribution of
colonies of mealybug. When the data of three flushes was regressed the regression equation
found wasX· =2.6731 + 1.2916X(R2 =0.9794 and significant at 1% level). The value ofa was
greater than zero (2.6731) and 13 was greater than unity (1.2916) confirming a good fit of
negative binomial distribution of citrus mealybug. The very high values of coefficient of
determination (R2) in all the three flushes and the pooled data confirmed the linearity between
mean crowding and mean density over a range of different densities as per the Iwao (1968)
regression equation. The negative values of a and ~ofTaylor's power law and Iwao's equation
respectively indicated that the mealybug' colonies tended towards positive binomial distribution
at higher densities. It was concluded from the results that P. citri was highly contagious and
lor clumped and followed negative binomial di~ribution. These studies are helpful in structuring
population models, which are essential for the studies on pest outbreak and formulation of
management practices.
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Table 1. Dispersion indices 'of distribution of Planococcus citri Risso colonies during three
flushes of citrus

Month Mean VMR k 10M X* X*I)( C" CV
(X)

I Flush
January 03.43 01.48 7.01 0.A89 03.92 1.142 04.92 0.658
February 16.06 06.33 3.00 5.339 21.40 1.332 22.40 0.628
March 32.77 17.94 1.93 16.94 49.71 1.516 50.71 0.740
April 49.00 24.14 2.11 23.14 72.14 1.472 73.14 0.701

Kc =2.489
II Flush
May 65.41 19.36 3.56 18..36 83.78 1.280 84.78 0.544
June 73.60 23.00, 3.34 22.00 95.60 1.298 96.60 0.588
July 82.13 24.88 3.43 23.88 106.01 1.440 107.01 0.550
August 81.83 28.46 2.97 27.46 109.29 1.335 110.29 0.589

Kc= 3.256
III flush
September 87.86 19.30 4.79 18.30 106.16 1.208 107.16 0.468
October 67.90 25.33 2.79 24.33 92.23 1.358 93.23 0.610
November 21.03 05..83 4.34 04.83 25.86 1.230 26.87 0.526
December 11.96 07.91 1.72 06.91 18.87 1.577 19.87 0.813

Kc = 3.713
Kc = 3.293 (pooled data)

Table 2. Regression parameters of the ~patial distribution of Planococcus cltri Risso

Regression I Flush II Flush III Flush Overall
(Pooled)

Taylor's Power Law
s2 = aX6
Sampling parameter (a) -0.4193 -1.235 0.092 -0.1811
Aggregation parameter (b) 2.0695 2.390 1.645 1.8394
Coefficient of determination (R2) 0.997"" 0.955** 0.954"* 0.979*"
Iwao's Patchiness Regression
X*= 0+ ~X
Index of basic contagion (a) -1.686 -10.26 3.250 2.6731
Density contagiousness
Coefficient (I:}) 1.520 1.438 1.219 1.2916
Coefficient of determination (R2) 0.998*" 0.982*.... 0.989** 0.9794**

** Significant at 1% level
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