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ABSTRACT: A field experiment was carried out during 2006-07 and 2007-08 at Central Potato Research Station (CPRS), Gwalior,
India to study the spatial distribution of thrips (Thrips palmi Karny) in potato (Solanum tuberosum) crop. The various
indices of dispersion, viz., variance mean ratio, exponent k and common k (kc), Lloyd’s indices of mean crowding (x*) and
patchiness index ( x * “x ) and Taylor’s power law revealed that the potato thrips exhibited aggregated or contagious pattern
of distribution in the field. In study of Taylor’s power law, slop parameter (b = 0.7617 and 0.702 for respective years) was <
1 indicating contagious distribution. This also indicates that thrips population followed negative binomial distribution pattern
as an alternative of poisson or random distribution. The intercept also justified that the distribution of thrips was contagious
in nature. Spatial distribution parameters are useful to out line the sampling programme as well as to estimate the population
density of T. palmi.
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INTODUCTION

experimental farm and in farmers’ field in an area of
1000m2 which was further divided into plots of 20 x
10m2 size. All the recommended cultural practices were
followed to grow potato crop except insecticidal sprays.
The observations on population of thrips were started
from the 15 th September and continued till the 27 th
December during both the years from 40 randomly plants
(each consists of average of three upper leaves) per plot.
Mean weekly thrips counts on potato leaves were used
to study the distribution pattern of thrips. Depending on
infestation, mean and variance were determined for each
date of observation to work out variance mean ratio
(VMR).

Potato (Solanum tuberosum) is a major staple food
crop of Madhya Pradesh. One of the major limiting
factors for cultivation of early potato is the high
incidence of sap feeding insect which also act as vectors
of virus diseases. Among them, thrips (Thrips palmi
Karny) is an important vector of groundnut bud necrosis
virus (GBNV) in potato crop. It is a cosmopolitan and
an important insect which attacks weeds, flowers, trees
and a large number of field and vegetable crops
(Ananthakrishnan, 1980; Kawai, 1986). Thrips population
moves from preceding potato crop to other cultivated
host plants and weeds in the vicinity. The disease gives
a dry blight appearance with dry leaves hanging on
blighted (necrosed) stem. It has assumed significant
status in parts of Madhya Pradesh, Rajasthan and Gujrat
(Bhatnagar, 2009). The nymphs and adults remain active
in the upper portion of potato plant. A primary requisite
in better understanding of an organism in its ecosystem
its knowledge of its spatial distribution patterns
(Sevacherian and Stern, 1972). There is no such record
on distribution pattern of potato thrips in subtropical
region of Madhya Pradesh. Hence, the present study was
undertaken to understand the distribution pattern of T.
palmi on potato crop.

The parameters of negative binomial distribution, i.e.
arithmetic mean (x) and exponent k are also known as
dispersion parameters. The value of ‘k’ was calculated
by following formula.
Mean (xi)
k = ———— {for all i = 1 to 16. The value of i for
xi 2 - xi all following formula remains same}.
Common k was estimated as per the procedure given
by Bliss and Owen (1958 ) as below.
si2
xi’ = Mean (xi) - ——— where n = 16
n
2yi’ = si Mean(xi)

MATERIALS AND METHODS
Field studies were carried out at Central Potato
Research Station, Gwalior, Madhya Pradesh, India to
understand the spatial distribution Thrips palmi of
predominant species of thrips occurring on potato. The
variety ‘Kufri Chandramukhi’ was grown during
September 2006-07 and 2007-08 both at CPRI

 yi’
1/kci = ———
 xi’
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Lloyd’s indices of mean crowding was calculated
as follows.
Mean ( xi)
xi* = Mean(xi) + —————
ki

value of VMR is 1, there will be a poisson distribution
while more than one and less than one indicates negative
binomial distribution and regular respectively. The values
of VMR for all the dates of observation during both the
years of study were more than one which also proved
that the thrips population was aggregated and followed
the negative binomial distribution in potato crop.

The ratio of mean crowding to mean called (xi*/
mean (xi)) patchiness. Patchiness index was calculated
by following formula.
x*
Patchiness index = —————
Mean (xi)
Mean colony size was calculated as
Ci* = xi* + 1
The Index of clumping of David and Moore (1954)
was also calculated bythe following formula;
si2
IDMi = ————— - 1
Mean (xi)
If the mean and variance of a series of samples are
plotted, they tend to increase together. This relationship
has been shown by Taylor (1965; 1971) to obey a power
law. It holds in a continuous series of distribution from
regular through random to highly aggregated and is
expressed by the empirical relationship between variance
and mean was as.
si2 = a + mean (xi) b

Exponent k and common k (1/kc)
The parameter k is a valid measure of aggregation
of population. The value of k can range from 0 (when
aggregation is extreme) to infinity, which indicates a
purely random distribution of counts of population. Any
large value of k indicates an approach toward randomness
and it also indicates the relative degree of aggregation for
the condition involved. Data presented in Tables 1 and 2
indicate that the distribution of thrips was aggregate in
nature with indication that populations were approaching
toward random distribution. The value of k is often
affected by the size of the sampling unit. However,
sometimes the lower k values for low population reflect
an initial aggregative tendency. The aggregative effect
may be due to the initial non-random deposition of egg
masses. Graphical test of the homogeneity of the samples
is obtained by plotting 1/kci against mean (xi) for each
group of samples. If there is neither trend nor clustering,
we may regard the fitting of common k as justified but
if a trend of cluster occurs it is doubtful that common k
is justified. Plotting k against mean (xi) for each group
of samples Fig. 1 (a & b) indicates that there was neither

Where, ‘a’ is a sampling factor and ‘b’ is aggregation
parameter. The regression of log10 si2 on log10 xi was
carried out to estimate the parameters of Taylor’s
power law.

RESULTS AND DISCUSSION
The various indices of dispersion to find out the
distribution pattern of thrips, T. palmi are presented in
Tables 1 and 2. There were 1.45 to 22.85 thrips/leaf
during the year 2006-07 and during the year 2007-08
population ranged from 1.43 to 21.90 thrips/leaf. Highest
number of thrips was recorded during the fourth week
of September in both the years.

Variance-mean ratio (VMR)
Higher variance value than corresponding mean was
observed on all the dates of observation. It ranged form
1.48 to 59.25 and 1.63 to 58.65 during the years 200607 and 2007-08 respectively. This showed the ominance
of variance over respective mean at each date of
observation. Higher variance value over mean indicated
that there was contagious or aggregate distribution of
thrips on potato crops. Variance mean ratio (VMR) is also
an effective parameter which indicates nature and
distribution pattern of insects in space and time. If the
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Fig. 1 : Relationship of 1/k to the mean of thrips
population of the years 2006-07 (a) and 2007-08 (b)
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Table 1. Different parameters of spatial distribution of thrips on potato crop during year 2006-07
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Table 2. Different parameters of spatial distribution of thrips on potato crop during year 2007-08
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Log10 Variance

trend nor clustering of common k value. Therefore,
calculation of common k is justified and the value of
common k (1/kc) of both the ropping seasons was less
than 1.35 which indicates that population of potato thrips
followed contagions nature of distribution as reported by
Pandey et al. (2008).

David and Moore index

Log10 Variance

The clumping index of David and Moore gives a
value of zero for random population, negative value for
regular distribution and positive value for contagious
pattern of distribution. David and Moore’s index values
for each date of observation were > 0 and positive in
both the years. This indicates that the distribution was
neither random nor regular and approaching negative
binomial distribution.

Mean crowding
The mean crowding of thrips per leaf ranged form
2.85 to 47.22 during the year 2006-07 and 2.96 to 45.41
during the year 2007-08. The values of mean crowding
on each date of observation were higher than their
respective mean. This also showed that thrips population
followed negative binomial distribution in space and time.

(b)

Patchiness index

Fig. 2. Taylor’s Power plot for Thrips palmi for
year 2006-07 (a) and 2007-08 (b)

If the patchiness value is less than 1, the distribution
will be dispersed. When the value is equal to 1 or more
than 1, the distribution of the population will be random
or clumped, respectively. In this study, values of
patchiness index were > 1 during both the years. It
confirms that the distribution of thrips population was
aggregated or clumped in nature.

Crop year 2006-07: s2 = 0.0497x
Crop year 2007-08: s2 = 0.1306x

-0.7617
-0.702

The values of b were 0.7617 and 0.702 for 200607 and 2007-08 respectively. Coefficients of
determination (R2) were 0.95 and 0.87 repetitively during
the years 2006-07 and 2007-08 were significant. The
values of R2 showed that 95.49 per cent and 87.26 per
cent of the variation in the distribution could be explained
by the fitted regression equation. The slope parameters
of the fitted model were significantly less than unity,
indicating a contagious distribution (b = 0.76 and 0.70)
of thrips population in potato crop. The differences in
‘b’ value of two years study of T. Palmi probably
ref1ects population density related changes in behaviour
of species and/or due the change in weather conditions.
In terms of the index of basic contagion, the insect has
definite tendency of aggregation in both the years.
Deligeorgidis et al. (2002) also reported that all species
of thrips were aggregated in distribution among sampling
units. The slope parameters were also stable during both
the years. Based on different parameters it was found
that potato thrips exhibited aggregated or clumped nature
of the distribution on potato crop. Similar findings have
been reported by Fournier (1955), Lu (1989) and Pandey
et al. (2008). Spatial distribution parameters of this

Taylor’s power law
In order to further confirm the aggregate pattern of
thrips dispersion, Taylor’s power analysis was done with
16 samples pertaining to cropping seasons during the
years 2006-07 and 2007-08. In Taylor’s power law, the
regression coefficient is an index of concerned (Taylor,
1965). The law states that s2 = ax – b where s2 and x are
sample variance and sample mean, respectively. The ‘a’
is scaling factor that is dependent on sampling method
and habitat, and the exponent ‘b’ is a measure of
aggregation. If ‘b’ equals to 1, then the population has a
random distribution and when b > 1 or < 1 the population
follow contagious (aggregated) or regular nature of
distribution, respectively. Taylor’s scaling factor (a) and
measures of aggregation (b) parameters were estimated
by regressing log10 variance against log10 mean. Taylor’s
power law described the variance mean relation well
(Fig. 2 a and b). Based on regression analysis of log10
s2 and log10 mean x, the value of ‘a’ and ‘b’ were worked
out. The respective equations are as follows.
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species can be employed to standardise the sampling
programme as well as to estimate the population density
of T.palmi which in turn help in devising effective
management strategies.
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