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Effect of Bt-cotton on biodiversity of natural enemies

S. WADHWA* and R. S. GILL
Department of Entomology, Punjab Agricultural University
Ludhiana 141 004, Punjab, India

E-muil rsgillO1 @rediftmail.com

ABSTRACT: Studies on the biodiversity of natural enemies on Bt (RCH 134) and non-
Bt (RCH 134 and LHH 144) cotton hybrids were carried out during Kharif 2003 at Punjab
Agricultural University, Ludhiana. Overall population of natural enemies remained low
during the season. Pooled data of all the observations revealed that Bt cotton hvbrid RCH 134
recorded significantly higher population of Chrysoperfa carnea, spiders, Geocoris bug and
vellow wasps, Polistes hebraens (Fabricius) (0.76, L87, 1.45 and 0.63/plant) than non-13t hybrid
RCH 134 (0.43, 1.05, 0.89 and 0.46/plant) and LHH 144 (.43, 1.08, 1,12 and 0.47/plant). The
population of coccinellid beetles was very low and there was non-significant differcnces in
its populations in Bt and non-Bt cotton hybrids. The value of general diversity index (Shannon
Weaver's index) was comparatively higher in Bt cotton hybrid RCH 134 as compared to non-
Bt hybrids RCH 134 and LHH 144 in most of the observations, However, higher value of
diversity index was recorded in LHH 144 ie. 1,349 and 1.340 on Sept [ and 10, respectively.
Higher population of natural encemies recorded in Bt cotton hybrids may be ascribed 1o
reduction in number of insceticidal sprays (only oue application) as comparced to non-Bt
hybrids, which received higher number of insecticidal sprays (six applications).
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INTRODUCTION

Cotton is an important cash crop of India and
it is attacked by numerous inscct pests that wre
mainly responsible for decreuasing its production

and productivity. According to Singhal {1999), [or

controlling these pests, 45 per cent of the total
pesticides used in all the crops we used in cotton
alone. So this leads to high economic and ecological
damages in terms of backlashes of these pesticides
such as insecticide resistance, pest resurgence,
effect on non-targel species, cnvironmental

pollution and health hazards. In this way chemicals
disturb the ecological cquilibrium as these are non-
selective and reduce the diversity of natural enemies
also (Singh and Sidhu., 1982; Singh, 19384).
Genetically modificd organisims incase of Br cotton
is practically known to reduce the pesticide toad
from 50 10 70 per cent in different parts of the world,
as there is less need of insecticidal sprays for
controlling bollworms. In Chinasome work has been
done to lind the influence of Bt couon on naturad
enemies (Cui and Xia, 1997, 19983, 20000 and b: Ning
erfal 2000, But in India no such relerence related
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to effect of Bt cotton on the biodiversity of natural
enemies is available, hence the present studies were
undertaken.

MATERIALS AND METHODS

The experiment was conducted at
experimental area of Cotton Section, Department of
Plant Breeding, Genetics & Biotechnology, Punjab
Agricultural University, Ludhiana during Kharif,
2003. Bt and non-Bt hybrids of American cotton i.e.
RCH 134 (Bt), RCH 134 (non-Bt) and PAU
recommended hybrid LHH 144 were sown in a
randomized block design in plots measuring 7.45 X
9.75 m which were replicated 6 times. Crop was
protected against bollworms and sucking pests by
giving 6 sprays of recommended insecticides based
on economic threshold levels. One spray of
Confidor 200 SL (Imidacloprid) was given on
11.7.2003 for controlling sucking pests both in Bt
and non-Bt hybrids. For the contro! of bollworms
on non-Bt hybrids (RCH 134 non-Bt and LHH 144)
five sprays of endosulfun 35 EC (5.8.2003), E-mite
50 EC (24.8.2003), acephate 75 SP (28.8.2003),
quinalphos 25 EC (11.9.2003) and acephate 75 SP
(15.9.2003) were given, whereas Bt cotion hybrids
RCH 134 required no spray. '

To determine the comparative biodiversity on
Bt and non-Bt hybrids population of five natural
enemies viz. green lacewing (Chrysoperla carneda),
spiders, Geocoris spp., yellow wasp [Polistes
hebraeus (Fabricius)] and coccinellids [Coccinella
seprempunctara Linnaeus, Brumaoides suturalis
(Fabricius), Cheilomenes sexmaculata (Fabricius)]
were recorded on whole plant basis from five plants
selected at random in each replication at an interval
of 10 days. While recording observations all the
stages of C. carnea were laken into consideration,

Shannon and Weaver index of general
diversity was also worked out from the data
recorded on the population of natural enemies as
per formula given by Shannon and Weaver (1963):

Shannon Weaver’s index (ﬁ) =-"p, log p,

Where,

10

importance probability of each species
(n/N)

n, = importance value for each species

N = total of importance value

RESULTS AND DISCUSSION

Population of Chrysoperla carnea

The mean number of C. curnea (all stages)
recorded on Bt and non-Bt hybrids varied trom (.23
to 0.97 per plant during the period of observations
(Table 1). The differences in meuan number of C.
carneda per plant on Bt and non-Bt cotton hybrids
were non-significant in first three observations
(July 10, July 21 and August 1, 2003) although it
was numerically higher in RCH [34 (Bt) hybrid than
non-Bt hybrids on July 21 and August 1. In the
subsequent observations recorded on 12" August
onwards, the mean population was significantly
higher on Bt hybrid RCH 134 (0.83 to 0.97/plant)
than non-BtRCH 134 (0. 40 to 0.47/plant) and LHH
144 (0.23 to 0.73/plant) except on 20" September
where RCH 134 (Bt) hybrid recorded population
(0.63/plant)at par with LHH 144 (0.50/plant). Pooled
data of all the observations showed that the mean
population of C. carnea per plant was significantly
higher in RCH 134 Bt hybrid (0.76/plant) than non-
Bt cotton hybrids i.e. RCH 134 (0.43/plant) and LHH
144 (0.44/plant). However, the non-Bt hybrids
recorded C. carnea population on par with each
other.

Population of spiders

The mean number of spiders recorded on Bt
and non-Btcotton hybrids varied from 0.47 10 3.47
per plant during the observation period (Table 1).
During first three observations (July 10, July 21
and August 1, 2003) the mean spider population
varied from 0.47 to 1.30 per plant and showed non
significant differences among Bt and non-Bt
hybrids, though RCH 134 (Bt) recorded numerically
higher population than non-Bt hybrids. In the next
five observations recorded on Aug 12, Aug 22, Sept
I, Septi0 and Sept 20, 2003, the mean population
was significantly higherin RCH 134 (Bt) hybrid (1.53



Table 1. Population of C. carnea and spiders on Bt and non-Bt cotton hybrids at Ludhiana during kharif 2003

Dates of Observations

Hybrids

10703 21703 | 1803 | 12803 22803 1.9.03 109.03 20903 Mean

Mean number of *Chrysoperla carnea per plant
1.RCH 134 (Bn)* 0.50 067 0.77 1083(1.35) | 0.83(1.35)| 0.87(1.36)| 0.97(1.40) | 0.63(1.28) | 0.76(1.33)
2.RCH 134 (non-Br)** 057 030 040 ]047(1.21) | 040(1.18) 1 047(1.21) | 047(L.21) [ 0.33(1.15) [ 0.43(1.19)
3. LHH 144%= 043 030 047 1030(1.14) | 023(1.11) | 0.73(1.32) | 0.53(1.24) | 0.50(1.22) | 0.44(1.20)
CD (p=0.05) NS NS NS (0.10) (0.I5) (0.10) (0.06) 007) 0.03)
Mean number of Spiders per plant

1.RCH 134 (Bn)* 0.57 1.23 130 [297(1.99) | 347(1.74) [ 2.03(1.74) | 1.83(1.68) | 1.53(1.59) | 1.87(1.69)
2.RCH 134 (non-Bry** 0.50 107 LI3 1 1.83(¢L.68) | L00(1.41) ] 0.97(1.40)| 0.87(1.36) | 0.97(1.40)| 1.05(143)
3.LHH 144#* 047 087 103 | 1.40(1.55) | 1.40(1.55) | 1.47(1.57)1 0.93(1.39) | 1.07(1.44)| L.O3(1.44)
CD (p=0.05) NS NS NS (0.06) (0.08) O.10 (0.09) (0.06) (0.03)

Note: Figures in parentheses indicate en+1 transformations.
Sprayed against sucking pests only {one spray - imidacloprid 200SL. (11/7/2003)}

Sprayed against sucking pests and bollworms {six sprays - imidacloprid 200SL (11/7). endosulfan 35EC (5/8).

E-mite SOEC (24/8). acephate 75 SP(28/8). quinalphos 25EC (11/9) and acephate 75 SP (15/9/2003) ).

" All stages
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to 3.47/plant) than non-Bt hybrids RCH 134 (0.87 to
1.83/plant) and LHH 144 (0.93 to 1 .47/plant). Highest
population of spiders (3.47/plant) was recorded in
RCH [34(Bt) on August 22, 2003. The pooled data
of all the observations also revealed that RCH 134
(Bt) recorded significantly higher population of
spiders (1.87/plant) than other two non-Bt hybrids
RCH 134 and LHH 144 (1.05 and 1.08/plant,
respectively).

Population of Geocoris bug

The population of Geocoris bug during the
season ranged from 0.07 to 4.1 per plant on Bt and
non-Bt hybrids (Table 2). The maximum population
of Geocoris bug (4.1/plant) was recorded on
September 10, 2003 on RCH 134 (Bt) hybrid. In first
observation (July 10), the mean population of
Geocoris bug showed non-significant differences
among Bt and non-Bt hybrids. In second
observation recorded on July 21 it was significantly
higher in non-Bt hybrid RCH 134 (1 .4/plant) than
RCH 134 Bt (0.67/plant) and LHH 144 (0.60/plant),
which were on par with each other. But on Aug |
and Aug 12, LHH 144 recorded significantly higher
population (1.67 and 1.03/plant. respectively) than
hybrids RCH 134 (Bt and non-Bt versions) on Aug
I buton par with RCH 134 (Bt) on August 12, Inthe
observations recorded after 12" August, Bt cotton
hybrid, RCH 134 recorded significantly higher
population (0.97 to 4.10/plant) than its non-Bt
version (0.07 to 1.43/plant) but significantly higher
than LHH 144 only on August 22 and September
10,2003. RCH 134 (Bt) also recorded significantly
higher population of Geocoris bug (1.47/plant) than
its non-Bt version RCH 134 (0.89/plant) and LHH
144 (1.12/plant) on the basis of pooled data.

Population of yellow wasp, Polistes hebraeus
(Fabricius)

The mean P hebraeus population recorded
onJul 10, Jul 21, Aug 1 and Aug 12,2003 was very
low ranging from 0O to 0.23 per plant and showed
non-significant differences between Bt and non-Bt
cotton hybrids (Table 2). However, RCH 134 (B
recorded numerically higher population in tirst three
observations. Mid August onwards the population
of P hebraeus started increasing and in the

subsequent obscrvations RCH {34 Bt hybrid
recorded significantly higher population (1 to 1.23/
plant) than non-Bt hybrids RCH 134 (0.67 10 0.83)
and LHH 144 (0.37 to 1.3/plant) except in
observations recorded on Aug 22 and Sept 1. where
it was on par with that on RCH 134 (non-Bt) and
LHH 144, respectively. The pooled data of all the
observations also revealed that population of P
hebraeis was significantly higher on RCH 134 (By
{0.65/plant) than non-Bt hybrids i.e. RCH 134 ((.46/
plant) and LHH 144 (0.47/plant).

Population of eoccinellids

The Coccinellid [Coccintella septenpiinciaia
Linnaecus, Brumoeides stururafis (Fabricius),
Cheilomenes sexmaciilara {(Fabriciusy| population
remained very low ‘during the period of
observations, which ranged from 0.00 10 0.07 and
the differences between £ and non-£¢ hybrids
were non-signilicant. The possible reason behind
the low population of coccinellid may be very low
incidence of aphids during the season. On studying
the pooled data of all the observations it can be
concluded that the population of natural encmies
except coccinellid was significantdy higherin RCH
134 (B¢ hybrid as compared to its non-Bt version
and LHH 144. Popufation of natural enemies
remained low during early crop growth period and
comparatively higher population was recorded
during months of August and Scpiember.

Earlier workers (Cui and Xia, 1997 Wang and
Xia, 1997 1ol er el 1998 Ning eral.. 200 1) reported
that population of natural encmiies recorded on 1Bt
cotton and conventional cotton (non-131) did not
differ significantly. Though sucking pests of cotton
were present in less numbers in Bt and non-Bt
cotton, 1t crossed economic threshold level once
only during the month of July in both (Bt and non-
Bt hybrids). However, in case of non-Bt cotton
hybrids the incidence of bollworms crossed
economic threshold level five times and required
five insecticidal applications as compared to Bt
cotton hybrids where incidence yemained below
cconomic threshold level and did not warranted
any spray against bollworms, The significant
ditlerence i natural enemies population in Btand
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Table 2. Population of Geocoris bug and yellow wasp, P, hebracus on Bt and non-Bt cotton hybrids at

Ludhiana during kharif 2003

Hybrids Dates of Observations
10.7.03 121.7.03 § 1.8.03 {12.8.03122.8.0311.9.03] 10.9.03] 20.9.03 } Mean
Mean number of Geocoris bug / plant
1. RCH 134(8n* 1.00 0.67 0.70 0.73 1.47 .97 410 193 1.45
(1.29) {(L.30) | (1.32) | (L.57)y 1 (LA (2.26) | (L.71) ) (1.506)
2. RCH 134 {(non-Bry** 107 1.40 1.00 0.57 0.07 0.40 1.17 1.43 (.89
(1535 (L4 1 (1.25) | (L.O3) (L8} (147 | (1.56) § (1.37)
3. LHH 1445 097 .60 1.67 1.03 0.47 .90 1.30 2.00 1.12
(126) (163 | (142 | (1.20) PR3 | (152 | (1.73) | (1.46)
CD (p=0.05) NS (013 (010)  (0.12) (0.0 (01D (008 (0.07y  (0.03)
Mean number ol Yellow wasps / plant
I. RCH 134(B)* .23 0.17 0.17 0.13 1.00 1.20 1.07 1.23 0.65
(.t L4ty 1 enas)y | (La4d) 1 (L49) | (128)
2. RCH 134 (non-Bry** 0.03 0.10 0.17 0.20 0.67 0.80 0.83 0.83 .46
(1.02) (1.29) 3 (134 | (1.35) ) (133) ¢i.2n
3. LHH 144#%= 0.00 0.03 010 0.13 0.37 t.30 0.87 0.97 0.47
(1.00) (1.16) {1523 ) (1.37) | (1.40) | (121
CD (p=0.05) (0.06) NS NS NS (0.15) 1010y | (0.05) | (0.03) | (0.03)

Note: Figures in parentheses indicate "n+1 transformations.

s

Sprayed against sucking pests only {one spray - imidactoprid 200 SL (1 1/7/2003)}

= Sprayed against sucking pests and bollworms {six sprays - imidacloprid 200SL (11/7). endosultfan 35EC (5/8),
E-mite SO0EC {24/8), acephate 75 SP (28/8). quinalphos 25EC (11/9) and acephate 75 SP (15/9/2003)}.

non-Bt cotton is due to more number of insecticidal
sprays in non-Br cotton that lead to effective
contro! of pest population along with negative etfect
on the population of natural enemies. The negative
effect of nsecticides used for the control of pests
on the population of nutural enemies under Punjab
conditions has already been studied by different
workers (Sekhon, 1980: Singh, 1984: Sandhu, 1983)
stands in line with the present studies.Cui and Xia
(2000b} also reported that population of spiders
and lacewing under natural control was 15.9 and 14
per cent and under integrated management
practices was 1 1.8 and 139.5 per cent higher
compared to non-Bt transgenic cotton hybrids.
Studies conducted by Wu e¢r al. {2003} also

corroborate the present findings where they have
reported that population ol natural enemics was
significantly higher in Bt cotton ficlds than those
in the conventional cotton fields where insecticides
were used for the control of cotton bollworm.

Shannon Weaver’sindex

Shannon Weaver's index (E) was calculated
from the data on popuiation of natural encmies
recorded on different dates n carlier experiment.
The value of diversity index was comparatively
higher (1.271,1.296, 1.296 and 1.318)1n Breotton
hybrid RCH 134 as compared 1o non-Bt hybrids
RCH 134 (1102, 1155, 1.238 and 1 28 Hand LHH
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Table 3. Index of species diversity of natural enemies recorded on Bt and non-Bt cotton hybrids at

Ludhiana during kharif, 2003

Hybrids Shanon Weaver’s Index on different dates

107.03 1 21703 | 1.803 | 12.803 | 22803 | 1.9.03 | 109.03 | 20903
1.RCH 134(8Bn)* 1.271 1296 | 1.296 | 1.023 1151 1326 | 1.205 1318
2.RCH 134 (non-Bry** [.102 1155 | 1238 | 1084 1.141 1.323 1.340 1.281
3.LHH l44% 1.097 1,137 | 1093 | 1L.O97 1.143 1350 | 1.340 1.274

*  Sprayed against sucking pests only {one spray - Confidor 200SL (11/7/2003;}

Sprayed against sucking pests and bollworms {six sprays - imidacloprid 200SL (1 1/7), endosultan

35EC (5/8), E-mite SOEC (24/8), acephate 75 SP (28/8), quinalphos 25EC (1 1/9) and acephate 75 SP

(15/9/2003)}.

144 (1.097,1.137, 1.093 and 1.274) in observations
recorded on Jul 10, Jul 21, Aug | and Sept 20, 2003,
respectively, whereas in rest of the observations it
was comparable in Bt and non-Bt hybrids (Table 3).
Higher value of index in case of RCH 134 (Bt) shows
that general diversity was more in Bt cotton during
the early growth period (July-August) and in end
September also leading to more complex food chain
which resulted in more stability of agro-ecosystem.
However, the value of diversity index was maximum
in LHH 144 (1.35 and 1.34) on Sept | and 10,
respectively.

However, earlier workers have reported
contrary results. Liu ef al. (2002) reported more
diversity index (0.771) in common cotton field than
in Bt cotton field with natural enemies to control
pests (0.221). So they reported that stability of
arthropod in the common cotton field was better
than that of the transgenic Bt cotton field. Men er
al. (2003) reported that Bt cotton increased the
diversity of arthropod communities and pest sub-
communities; however, it decreased the diversity
of natural enemy sub-communities. The present
studies were carried out under similar environmen tal
conditions, but the results of these studies cannot
be compared with above references due to
geographical differences.

ACKNOWLEDGEMENTS

The authors are highly thankful to
Incharge, Cotion Section, Department ol Plant

14

Breeding, Genetics & Biotechnology, Punjab
Agricultural University, Ludhiana for providing
necessary facilities for carrying out this rescarch
work. Useful suggestions offered by Dr K. S. Brar,
Senior Insect Ecologist, Department of Entoimology:,
PAU, Ludhiana are gratefully acknowledged.

REFERENCES

Cui. J. J. and Xia, J. Y. 1997, Effects of gansgenic Bi
cotton on the population dynamics of the main pests
and their natural enemies. Acta Agric Universitatis
Henanensis, 31: 351-56.,

Cui, J. J. and Xia. J. Y. 1998, Effects of carly seasonal
strain of Bt transgenic cotton on population
dynamics of the main pests and their natural encmies.
Acta Gassypii Sin 10: 255-62.

Cui, J. J.and Xia, J. Y. 20000, Effects of transgenic Bt
cotton R93-6 on the inscct community. Acra
Entomologica Sin, 43: 43-51.

Cui. J. J. and Xia. J. Y. 2000b. Effects of Bt (Beciflis
thuringiensisy transgenic cotton on the dynamic of
pest population and their Acta
Phytophylacie Sin, 27 141-45.

cnenies.

Liu, X X, Wang, . Xu. J.. Zhang, Q. W Feng, H. B
and Song., R. 2002, Transgenic Bt cotton’s
EXPression on cotton bollworm™s resistance and
efiect on the arthropod community in the fickd of
Souwth Xinjiang. Jowrnal of Chine Agricufiural
Universite, T 70-74,




Efiect of Br-cotton on biodiversity of natural enemies

Men, X. Y., Ge, F., Liu, X. H. and Yardim, E. N. 2003.
Diversity of arthropod communities in transgenic
Bt cotton and non-transgenic cofton agro-

ecosystems. Environmental Entomology, 32: 270-
75.

Ning, X. Z., Song, Q. P, Kong, X. H,, Chen, H., Meng.
J.W. He, Y. Z. and Zhang, S. L. 2001. A preliminary
research on the regularity of population fluctuation

of major insects and natural enemies in the field of

Bt wansgenic cotton in the Xinjiang region. China
Cottons, 28: 12-13.

Sandhu, S. 5. 1985, Impact of insecticidal spravs on
arthropod diversity and productivity inn hirsutun
cotton. M. Scthesis, Punjab Agricultural University,
Ludhiana, India pp 125.

Sekhon, B. 8. 1980. Role of parasitoids and predators in
the management of cotton bothworins in Punjab. Ph.
D. dissertation, Punjab Agricultural University,
Ludhiana, India. 137 pp.

Shannon, C. E. and Weaver, W. 1963, The Mathematical
Theory of Comnumicarion. University of Hlienis
Press, Urbana, USA. 117 pp.

Singh, L. 1984, Impact of spraving some svstenic and

non-systemic insecticides on arthropod diversity of
Ttirsutim conon. M. Sc thesis. Punjab Agriculural
University, Ludhiana. 68 pp.

Singh. J. and Sidhu, A. S, 1982, Impact of deltamethrin
and carbryal sprays on arthropod diversity and
productivity of hirsunon cotton in Punjab, pp. C
41-48. Progress Report for Entomology part, All
India Co-ordinated conon linprovement Project.

Singhal Vikas 1999 Indian Agriculrire 1999, pp. 35-40.
Indian Economic Data Rescarch Centre. New Delhi.

Tol. N, B, Van. Duger P. (ed) Lentz, G L. and Richter, D,
1998. Influence of B7 cotton on beneficial arthropod
populations, pp. 1052-1054. Proceedings of
Beltwide cotton Conferences Vol 2. San Diego.
California, USA.

Wang, C. Y. and Xia, J. Y. 1997, Differences of population
dynamics of bollworms and of population dynamics
of major natural enemies between Bt transgenic
cotton and conventional cotton. China Cottons, 24
13-15.

Wu, K. M. Peng, Y. F. and Jia. S. R. 2003, What we have
learnt on impacts of Br cotton on non-target
organisms in China. AgBiovtech Network, 5 1-4.

(Received: 25.07.2005; Revised: 19.12.2006; Accepted: 16.01.2007)

15



