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Abstract: The spatial distribution of mustard aphid, Lipaphis erysimi (Kaltenbach) vis-a-vis parasitoid
Diaeretiella rapae (M’Intosh) were studied on the Brassica juncea variety Pusa Bold during two consecutive
rabi seasons of 2006-07 and 2007-08. The value of mean-variance ratio, value of standard normal variable (d),
index of mean crowding (µ*), index of patchiness ( ), value of dispersion parameter “K” and the value of
common K, “Kc” were calculated.
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INTRODUCTION agronomic practices were adopted for raising a good crop.

Mustard is an important oilseed crop of India and field under their natural incidence without any insecticidal
mustard aphid, Lipaphis erysimi (Kaltenbach) is the most intervention.
serious pest of mustard inflecting as high as 97.6% yield The mean and variance as calculated from the
loss in different varieties [1]. Distribution pattern of an frequency distribution of aphid and its parasitoid were
insect population is an important aspect as it represents used to work out Standard normal variable, Index of mean
the interaction between individuals of the species and crowding, Lloyds index of patchiness, dispersion
their habitat. The biological cause of aggregation is parameter of negative binomial K, Estimation of common
largely behavioural, but highly unpredictable [2] therefore K [6]. The accuracy of the fitted distribution pattern was
knowledge of spatial distribution is useful for designing examined using Chi-square ( ) test of goodness of fit.
efficient sampling programmes for population estimation,
pest management and development of population models RESULTS AND DISCUSSION
and assessment of levels of damage. Several attempts
have been made in this direction [3, 4] by recording the The aphids appeared in the field from the 9  week of
actual number of aphids on randomly selected plants [5]. crop age during rabi 2006-07 and 2007-08 while the
In the present studies an attempt was made to fit the parasitoid, D. rapae appeared in the field from the 11
population data of aphids as well as its parasitoid to the week of crop age during rabi 2006-07 and 10  week of
various population models. crop age during rabi 2007-08. The aphid disappeared from

MATERIALS AND METHODS 07 and 18  week of crop during rabi 2007-08.

The present investigations were carried out at the for  aphids and  from  0.27  to  0.64   for  parasitoids
research farm of Indian Agricultural Research Institute, during the first crop season. The maximum mean-variance
New Delhi (28°4’N, 77°09’E and 228.16m above mean sea ratio  for  aphids  was  during  15   week  of  crop  age.
level) during two consecutive rabi seasons viz., 2006-07 While  for  the parasitoids the maximum mean-variance
and 2007-08. Brassica juncea variety Pusa bold was sown ratio was during 11  week of crop age. During the second
in 4 plots, sized 10×12 m. Sowing was done on 16 crop  season  the  mean-variance  ratio  ranged  from  0.03th

November 2006 and 20  November 2007. Standard to   0.16   for  aphids  and  0.06  to    0.75  in   parasitoids.th

The data for the aphid population was recorded in the
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the field after the 16  week of crop age during rabi 2006-th

th

The  mean-variance  ratio  varied  from  0.04  to 0.58
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Table 1: Spatial distribution of Lipaphis erysimi on B. juncea variety Pusa bold during rabi, 2006-07

Crop age (weeks) Mx s / s d K µ* X Y2 2 2 1 1

9 41 11.73 99.69 0.12 16.98 1.56 37.00 19.23 1.64 134.98 87.97

10 69 31.08 461.30 0.07 25.25 2.24 6.40 44.92 1.45 954.12 430.23

11 156 48.10 1240.50 0.04 36.08 1.94 8.00 72.89 1.52 2282.60 1192.40

12 82 26.98 289.56 0.09 20.16 2.77 7.60 36.71 1.36 720.41 262.59

13 95 30.25 679.17 0.04 33.07 1.41 15.90 51.70 1.71 898.08 648.92

14 35 16.70 68.88 0.24 9.16 5.34 18.30 19.82 1.19 277.17 52.18

15 13 4.48 7.74 0.58 2.84 6.13 23.60 5.21 1.16 19.83 3.27

16 10 3.43 6.35 0.54 3.25 4.01 15.00 4.28 1.25 11.57 2.93

5298.77 2680.48

Common Kc 1.98

Mx= Maximum number of aphid per sampling unit; = mean; s  = variance; /s = mean- variance ratio; d= normal variable; K= dispersion parameter; µ*=2 2

mean crowding; = patchiness index; = Chi square2

Table 2: Spatial distribution of Lipaphis erysimi on B. juncea variety Pusa bold during rabi, 2007-08

Crop age (weeks) Mx s / s d K µ* X Y2 2 2 1 1

9 66 31.55 389.07 0.08 22.24 2.78 7.85 42.88 1.36 985.68 357.52

10 150 78.275 897.03 0.09 21.12 7.48 12.52 88.73 1.13 6104.55 818.75

11 132 72.425 920.61 0.08 22.71 6.18 9.60 84.14 1.16 5222.37 848.18

12 253 104.225 4093.87 0.03 46.58 2.72 4.20 142.50 1.37 10760.50 3989.65

13 327 120.25 3810.55 0.03 40.94 3.92 9.30 150.94 1.26 14364.80 3690.30

14 325 136.475 3424.36 0.04 35.46 5.66 9.50 160.57 1.18 18539.82 3287.88

15 342 169.25 4338.60 0.04 35.94 6.87 11.00 193.88 1.15 28537.10 4169.35

16 342 153.00 3587.74 0.04 33.99 6.82 13.30 175.45 1.15 23319.31 3434.74

17 140 78.25 774.04 0.10 19.00 8.80 6.50 87.14 1.11 6103.71 695.79

18 65 27.25 169.78 0.16 13.27 5.21 31.25 32.48 1.19 738.32 142.53

114676.14 21434.71

Common Kc 5.35

Mx= Maximum number of aphid per sampling unit; = mean; s  = variance; /s = mean- variance ratio; d= normal variable; K= dispersion parameter; µ*=2 2

mean crowding; = patchiness index; = Chi square2

Table 3: Spatial distribution of the parasitoid D. rapae on B. juncea variety Pusa bold during rabi, 2006-07

Crop age (weeks) Mx s / s d K µ* X Y2 2 2 1 1

9 0 0.00 0.00 - - - - - - 0.00 0.00

10 0 0.00 0.00 - - - - - - 0.00 0.00

11 8 2.43 2.92 0.83 0.91 11.95 20.90 2.63 1.08 5.81 0.49

12 7 1.65 2.59 0.64 2.30 2.89 24.40 2.22 1.35 2.66 0.94

13 21 6.53 24.46 0.27 8.32 2.37 108.20 9.27 1.42 41.96 17.94

14 21 6.18 21.53 0.29 7.72 2.48 30.40 8.66 1.40 37.59 15.36

15 14 2.75 7.94 0.35 6.23 1.46 40.40 4.64 1.69 7.36 5.19

16 9 2.60 5.68 0.46 4.28 2.19 22.40 3.79 1.46 6.62 3.08

102.00 43.00

Common Kc 2.37

Mx= Maximum number of aphid per sampling unit; = mean; s  = variance; s = mean- variance ratio; d= normal variable; 2 2
/

K= dispersion parameter; µ*= mean crowding; = patchiness index; = Chi square2
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Table 4: Spatial distribution of the parasitoid D. rapae on B. juncea variety Pusa bold during rabi, 2007-08

Crop age (weeks) Mx s  s d K µ* X Y2 2 2 1 1
/

9 0 00 0.00 - - - - 0.00 0.00 0.00 0.00

10 8 1.80 3.50 0.51 3.54 1.91 27.20 3.37 1.14 3.15 1.70

11 8 2.95 4.20 0.70 1.77 6.95 41.45 3.03 1.12 8.60 1.25

12 7 2.70 3.60 0.75 1.42 8.10 18.40 13.06 1.27 7.20 0.90

13 33 10.30 38.68 0.27 8.34 3.74 39.80 26.29 1.06 105.12 28.38

14 41 24.70 64.06 0.39 5.45 15.50 74.00 54.91 1.05 608.49 39.36

15 90 52.075 199.61 0.26 8.52 18.38 107.60 81.02 1.22 2706.82 147.53

16 165 66.50 1032.31 0.06 26.02 4.58 91.30 46.76 1.06 4396.44 965.81

17 87 44.125 160.57 0.27 8.07 16.72 151.70 20.97 1.12 1943.00 116.45

18 43 18.775 60.03 0.31 7.02 8.55 61.40 20.97 1.12 351.00 41.25

10129.82 1342.63

Common Kc 7.54

Mx= Maximum number of aphid per sampling unit; = mean; s  = variance; s = mean- variance ratio; d= normal variable; K= dispersion parameter; µ*=2 2
/

mean crowding; = patchiness index; = Chi square2

The maximum mean-variance ratio for aphids was during and at 13  week of crop age for parasitoids. During 2007-
18 week of crop age while that for parasitoids was during 08 crop season the value of µ* fluctuated between 32.48th

the 12  week of crop age. The mean-variance ratio is the and 193.88 for aphids and between 2.74 and 81.02 forth

simplest and most fundamental indices for determination parasitoids. The maximum value of µ* was found during
of aggregation [2]. During both the years, mean-variance 15  week of crop age for both the aphid and parasitoids.
ratio remained less than one, indicating that the In each case the value of “µ*” was found greater than the
distributions were aggregate in nature. Further the aphid mean. The values of mean crowding in case of aphids
population showed was maximum contiguousness ranged from 4.28 to 51.70 during the first crop season and
between 10  to 13  week of crop age during the first crop 32.48 to 193.88 during the second crop season while forth th

season and between 12  to 16  week of crop age during the parasitoids it varied from 2.22 to 9.27 and 3.37 to 81.02th th

the second crop season. The aphid population was less during the first and second crop seasons respectively,
contiguous both at the beginning and ending of the crop indicating a high level of interaction between individuals.
seasons. However, the parasitoid population was not as (Table 1, Table 2, Table 3, Table 4).
contiguous  as  that  of  the  aphids  (Table  1,  Table  2, The  index  of  patchiness ( )  fluctuated  between
Table 3, Table 4). 1.16 and 1.71 for L. erysimi and between 1.08 and 1.69 for

The value of standard normal variable (d) ranged D. rapae during 2006-07. The maximum value of  was
from 2.84 to 36.08 for aphids and from 0.91 to 8.32 for found during 13  week of crop age for aphids and 15
parasitoids during different weeks of the first crop season. week of crop age for the parasitoid. During the second
In each case the value of “d” was found to be greater than crop season the value of  fluctuated between 1.11 and
1.96 except in the case of the parasitoid population during 1.37 for aphids and between 1.05 and 1.52 for parasitoids.
the 11  week of crop age. The highest value of “d” (8.32) The maximum value of  was found during the 9  week forth

was attained during the 13  week of crop age in the case both aphid and parasitoids. The value patchiness ( )th

of the parasitoids. However, during the second crop continued to decline with some fluctuation during both
season of 2007-08 the value of ‘d’ varied from 13.27 to the crop seasons. Patchiness was found to be low when
46.58 for aphids and 1.42 to 26.02 for parasitoids. In each interaction was more (Table 1, Table 2, Table 3, Table 4).
case the value of “d” was found to be greater than 1.96 This relationship showed the characteristic behavior of
except during 11  and 12  week of crop age for the aphid colony viz., as the colony become crowded theth th

parasitoids. (Table 1, Table 2, Table 3, Table 4). individuals of colony spread out and formed new
The index of mean crowding (µ*) fluctuated between colonies. Further more, the values of patchiness were

4.28 and 72.89 for aphids and between 2.22 and 9.72 for always greater than one in the present studies which
parasitoids during the first crop season. The maximum again confirms the contiguous nature of aphids and
value of µ* was found at 11  week of crop age for aphids parasitoids.  This  is  similar to the findings of Singh et al.,th

th

th

th th
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[7]. The contiguous distribution of aphid has also been the value of common K “Kc” was determined to be
reported by Rai and Singh [8] on Brassica crops and Devi between 1.86 and 7.54. The increase in value of common
[9] on cole crops. (Table 1, Table 2, Table 3, Table 4). ‘K’ (Kc) with increasing density of aphids and crop stage

The value of dispersion parameter “K” was calculated indicated that the distribution pattern proceeded from
for each sample. It fluctuated between 1.41 and 6.13 for relatively more contiguous to less contiguous. The search
aphids and between 1.46 and 11.95 for parasitoids during for constant ‘Kc’ has continued [1, 11-13] for the negative
the first crop season. The value of K was always less than binomial. During the present studies for most, calculated
8 for the aphid. However in case of parasitoids it was value of Chi-square ( ) was less than the table value
greater than 8 during the 11  week of crop age. The which indicated that the aphid population gave a good fitth

maximum value of “K” was found during 15  week of crop for negative binomial model (Table 1, Table 2, Table 3,th

age for aphids and 11  week of crop age for parasitoids. Table 4).th

During the second crop season the value of “K”
fluctuated between 2.72 and 8.80 for aphids but in case of ACKNOWLEDGEMENTS
the parasitoids it fluctuated between 1.91 and 18.38. The
maximum value of “K” was found during the 17  week of We would like to thank Dr. V.V. Ramamurthy,th

crop age for aphids and 15  week of crop age for Principal Investigator, Network Project on Insectth
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