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Abstract

A marked increase in global agricultural productivity and reduced inputs in terms of pesticide
consumption since past two decades has become possible due to new biotechnological approaches like
molecular genetic modification (GM crops) in agriculture. However, the future increases are hardly
assured due to underinvestment in agricultural research, grown up population pressure and increased
levels of resistance development in the insect-pests to the transgenic cotton. In this article, the triumph of
Bt cotton after its introduction in 1996, the hurdles it encounters in terms of resistance problems to
insects and secondary pest outbreaks; the possible strategies and future researchable areas for its
sustainable cultivation have been discussed.
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1. Introduction

India is world’s fifth largest country to have cultivated area under genetically modified (GM)
crops, at 11.4 million hectares in 2017 Bl But unlike other big growers, its entire GM crop
area is under a single crop i.e., cotton incorporating genes from the Bacillus thuringiensis (Bt)
a soil bacterium coding for resistance against Heliothis bollworms Bl Several crop
modifications achieved transgenic methods now being used worldwide. Perhaps the best
known of these are crop plants into which a gene from Bt, a bacterium that has long been used
as a biological pesticide because it produces a protein that is toxic to the larvae of certain kinds
of insects. Among various crops, cotton is one such crop which enjoys the benefits of genetic
engineering since the introduction of Bt gene. Insecticidal action of the bacterium was first
noted by a Japanese scientist Ishiwata in the year 1901 %, The Bt was just a beginning at that
time in USA. Since 1950s, the protein crystals and spores of several Bt strains have been used
as microbial insecticides [2%1, The Bt has been used as an insecticide for control of stored grain
pests since 1938 in France and from 1961 as a registered pesticide in the USA. Silent Spring
(1962), a book authored by Rachel Carson was also in support of products from B.
thuringiensis that can be used as a bio-control, alternative to the chemical insecticides for
killing various insect-pests.

About 162 insect species have been reported as the pests of cotton in India 24, of which 4-5
are emerging/invasive pests in the recent decade. Endotoxins produced by Cry genes of B.
thuringiensis were toxic to larvae of certain lepidopteran and coleopteran insects 11, The
chewing type mouthparts in lepidopteran insects promote the ingestion of Bt toxins that
solubilise the crystals in the midgut with alkaline pH 9 to 12. Activation of crystal proteins
involves cleavage of toxins that vary from species to species of the insect I3, As the insect
larvae ingest Bt toxin it leads to stop them feed further and a long starvation causes their
midgut paralysis, altered permeability and disintegrated epithelium with ultimate insect death
within 2-3 days after exposure that may vary with the insect species, age of the larvae and the
content of toxin being ingested %, In view to the toxic effect of Bt protein, the genetically
modified (GM) insect-resistant cotton (Gossypium hirsutum Linn.) was first commercially
developed by Monsanto in 1996 using cry gene of B. thuringiensis bacterium %1, Transgenic
or the Bt crops expressing the insecticidal proteins of Bt have been commercially available in
the U.S. since 1996 and their adoption continues to expand rapidly in the United States and
other parts of the world 1. Since the commercialization of Bt cotton several different Cry
genes from various bacterium strains have been identified. The cry genes- Cryl, Cry2, Cry9
and Cryl3 proteins are effective against lepidopterous pests, Cry3, Cry7 and Cry8 proteins
against coleopterans, while Cry4, Cry10 and Cry11 proteins affect the dipterous pests. Besides
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cotton, Bt genes have been transferred to a large number of
plant species including as cotton, potato, rice, eggplant,
oilseed rape, chickpea and so on 1121,

The transgenic cotton has played as an important tool in
developing an IPM strategy [6 6L 1051 egpecially for
lepidopteran larvae 7 % 92 104 Major Bt cotton growing
nations are the USA 8 China [*, India [, South Africa (38,
Mexico %1, Argentina ["®! and Pakistan ! and experienced
several benefits like reduced broad-spectrum insecticides,
improved target pest control, reduced input cost, enhanced
yield and good biological control. However, the targeted pests
became resistant to Bollgard | (BG |) in several nations and to
overcome this problem, Monsanto again released Bt cotton
with double genes- CrylAc and Cry2Ab (Bollgard I1).

2. Transgenic cotton: A global status

The transgenic cotton was cultivated over 11.4 and 189.8
million hectare area in 2017, respectively in India and the
World (%1, GM cotton is the first transgenic non-food crop that
has provided a specific, safe and effective tool against
lepidopterous pests [*5 47 62 82 gyer chemical insecticides
which have adverse effects on the natural fauna, pollinators
and other non target invertebrates 71, Cotton plant (Bollgard
I) was genetically modified to incorporate gene conferring
CrylAc protein (containing delta-endotoxins) derived from a
natural soil bacterium B. thuringiensis (Bt) var. kurstaki [¢3. A
rapid adoption of GM crops has been reported globally (up to
26 countries), and more than 18 million farmers have grown
these crops on more than 1.9 billion hectares. This crop has
reflected substantial economic, health, environmental and
social benefits to the growers by increasing their crop
productivity and conserving the biodiversity ©°. In 2011,
Paraguay approved GM cotton for the commercial production
and planted about 12,000 hectares in 2015-2016. In India,
cotton productivity increased through transgenic crop on 11.2
million hectares (96% of total cotton area). However, in
Pakistan it was cultivated over 2.9 million hectares (97% of
total 3 mha cotton area) “°. In USA, Bt cotton is being
planted since 1996 and it is estimated that 96 per cent of total
cotton area (4.78 million ha) is under cultivation of Bt cotton.
Brazil cultivated it as the third most major crop on an area of
1.01 million ha in 2017 24,

3. First generation bt cotton (Bollgard-1)

The first transgenic cotton (BG 1) containing lepidopteran pest
resistant gene CrylAc was approved for commercial
utilization in Australia and the USA in 1996, and in India it
was commercially approved by GEAC on 26" March
2002.This was the beginning of a new era in cotton
cultivation and since then plenty of Bt cotton hybrids from
private sector have been approved every year by GEAC.
Comparison of Bt vs non Bt has been done in several studies
and reported that Bt cotton has been highly effective in
controlling bollworms. There were lower (95%) rosette
blooms reported on the transgenic lines - 62 Bt and 65 Bt than
on the non-transgenic lines [ 101, The active larvae of pink
bollworm (PBW), Pectinophora gossypiella  Sunders
recovered from incubated bolls and per cent seed damage was
also reduced from 97 to 99 per cent in the transgenic over the
non-transgenic lines. Benedict et al. (1996) reported natural
bollworm incidence where there were less larvae (198
larvae/60 plants) on Bt cotton lines containing either CrylAc
or CrylAb. Also there were low flower bud and square injury

(20.60 and 11.77%, respectively) in such Bt lines. They
reported 1460 kg/ha average yield in all Bt cotton lines over
non Bt Coker 312 (1050 kg/ha). Harris et al. B3 in their
studies revealed transgenic cotton to provide an excellent
control of bollworm (BW), Helicoverpa zea in Mississippi
during 1992-95. Bachelar et al. 1% compared the performance
of Bollgard® cotton, NUCOTN 33B and other commercial
conventionally protected (with pyrethroids) varieties for boll
damage and revealed Bollgard® cotton to sustain about 50
per cent less damage by BW (2.30%) over the non Bt
conventional cotton and pyrethroid protected conventional
cotton (4.62%). Almost similar observations were recorded by
Wier et al. 1% for Bt cotton over non Bt cotton during 1995,
1996 and 1997 respectively, in Mississippi state. In a field
experiment, the non pyrethroid treated Bt cotton sustained a
yield loss of 6.6 to 31.7 per cent over pyrethroid treated Bt
cotton cultivars (%1, The insects were collected from Bt cotton
fields (with CrylAc) over 44 generations and it was observed
that in comparison with a susceptible strain, the larval
resistance of the Bt-selected populations to CrylAc toxin was
increased 106-fold [461,

Two Bt cotton varieties (DP 33B and DP 35B) in Mexico
provided good control of BW over the conventional variety
(DP-5690) and in addition formers needed one less insecticide
spray than the non-Bt cotton [7], In efficacy of Bt cotton to
PBW, the live PBW larvae and exit holes were found only in
DP-50 and not in Bt cotton lines (MONS-1 and MONS-2),
however no significant difference was there among varieties
in number of PBW hits on carpel wall. Also the lepidopteron
pressure during the season was low and therefore no
significant differences in yield were seen among the varieties
(831, Henneberry et al. 1 revealed per cent bolls with larval
entrance holes in the carpel walls with no difference in Bt (80
to 100%) and non-Bt cotton (65 to 100%). Per cent cotton
bolls with live PBW larvae were less in Bt cotton (70%).
Moreover, the Bt cotton bolls expressed higher resistance to
PBW infestation up to 180 days (second fruiting cycle)
showing reduced content of Bt toxin protein in the later stages
of crop growth.

Henneberry and Jech [ reported average entrance holes fed
by PBW as 19.6 and 14.4 per boll on Bt cotton variety-
NuCOTN33B and non-Bt cotton variety- DPL 5415,
respectively with artificial infestation. They also reported that
there were no larval exit holes found in NuCOTN33B but 1.8
exit holes per boll in DPL 5415. The infestation by this insect
was 17.2 and 10.5 per cent in open mature and immature
green bolls, respectively on DPL 5415, and 0.0 and 1.7 per
cent, respectively, on NuCOTN33B. Similarly, the larval
survival was reported as 21.5 per cent in DPL 5415 but <0.1
per cent in NUCOTN33B. Extremely low larval survival in
NuCOTN33B from >11000 entrance holes indicated a high
level of PBW susceptibility to this variety. Wu et al. 202
reported two Bt cotton cultivars- GK-1 and GK12 as highly
resistant to ABW throughout cotton season. There control
efficacy of GK-1 and GK-12 was 88.71-95.45, 92.75-97.65
and 93.33 per cent to the second, third and fourth generation
ABW, respectively. A damage rate of 6.53 per cent to cotton
squares was recorded to the Bt cotton cultivars with a yield
increase of 97.05-393.77 per cent. The maximum damage by
first and second instar ABW larvae was to the squares
(41.91%) and flowers (45.16%), however there were no
significant differences noticed in feeding behaviour of ABW
on Bt-cotton and non Bt crop.
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4. Second generation bt cotton (BG I1)

The first generation Bt cotton (BG 1) could not provide a
complete crop safety during entire crop season from BW
population which build up in the later stages of the crop. It
contained single gene (CrylAc) that was highly resistant to
the major insect pests- American bollworm, ABW
(Helicoverpa armigera Hubner), spotted bollworms, SBW
(Earias vittella Fabricius, E. insulana Biosdual and pink
bollworm, PBW (Pectinophora gossypiella Saunders) in India
but susceptible to other lepidopteran pests. The resistance will
also develop, if the target lepidopterans regularly feed upon
CrylAc Bt toxin for years. Keeping in view this, second
generation Bt cotton (BG Il) that contained double genes
(CrylAc+Cry2Ab) was introduced which also provided
enhanced mortality of tobacco budworm (Spodoptera litura
Fabricius), fall armyworm (Spodoptera frugiperda J.E.
Smith), beet armyworm (Spodoptera exigua Hubner), cabbage
looper (Trichoplusia ni Hubner) and soybean looper
(Pseudoplusia includens Walker) in addition to the BW
complex B, Two types of adaptive responses - reducing the
selective advantage of the resistance allele or modifying the
mating system so fewer resistance alleles are passed on to
future generations 2,

Bt technology has become the most convenient tool of insect
management in case of cotton crop. The background of BG Il
in terms of its bio-efficacy and variability in Cry protein
expression, and the dynamics of bollworms and S. litura were
considered in priority as insecticide resistance management
(IRM) tool in India. Since 2007 plenty of BG-Il Bt hybrids
expressing dual genes have been under cultivation. The
knowledge on exact advantage of these hybrids over BG-I
hybrids as well as non-Bt cultivars in terms of avoidable
sprays, horizon of bio-efficacy and IGR action with respect to
Indian Bt hybrids was scanty.

The initial evaluation reports of Bollgard Il in Australia
showed variable expression of Cry genes not only for a single
gene but also for double genes-a pyramid case. The Bollgard
Il (Cry2Ab) gave more gene expression in seed (43.9 ug/g),
leaves (23.8 pg/g), whole plant (8.87 ug/g) and pollen (<0.25
Mg/g) during 1998. This gene was absent in Ingard while
trends in crylAc were equal both in Ingard and Bollgard 1l
with slightly more concentration in the later one. Further, the
concentration of Cry2Ab protein in leaf samples from
Bollgard Il at different sampling dates in the season was
maximum at 55 DAS in 1998 (40 pg/g) and 1999 (14.3 pg/g).
However, such expression reached to 16 or 11 pg/g of tissue
by 108 DAS [,

Bt cotton was planted on 24.1 million hectares in 2017, which
shows a decrease by 8% from 2016. The 8% increase in total
Bt cotton area globally was mainly due to an improved global
market value and the high adoption rate of insect resistant
cotton in 2017 B3,

In evaluation of BGs | and Il performance with artificial BW
infestation, Gore et al. (2002) revealed that BW larvae injured
a total of 6.4 fruiting forms per 10 plants in BG I, 11.5
fruiting forms on BG | while 25.0 fruiting forms on non-Bt
cotton. The mean fruiting forms injury was 0.8 per BW larvae
in BG I, 3.5 in BG | and 6.6 in non-Bt cotton. Chitkowski et
al. 1 also evaluated the efficacy of BG Il (CrylAc+Cry2Ab
genes) against BW and revealed that there were large number
of H. armigera and soybean looper, Pseudoplusia larvae in
BG Il cotton but it did not reach the treatment threshold of 3/
100 plants on any of the sampling dates. In contrary, it was on

1 or 2 sampling dates in BG | cotton (CrylAc) and several
times in conventional cultivar. There were negligible fruiting
bodies damaged by corn earworm (Helicoverpa zea Boddie)
in BG II, whereas Bollgard | had 4.3 per 3 m of row. In
overall, the damaged fruiting bodies in BG were higher than
in BG Il on all the sampling dates, but there were significant
differences noticed in only one location. On the contrary,
damage to fruiting bodies in conventional cotton was
significantly higher than in either BG I or 1I.

The untreated conventional, BG | and Il cotton cultivars had
same Heliothine egg deposition on the terminal portions and
terminals with heliothine eggs varied from 8.1 to 8.7 per cent
in conventional and Bollgard I cultivars, respectively. But, as
with larval ratings, the per cent squares suffering BW damage
low less in BG Il than in BG I. Similarly, the per cent
reduction in BW infested squares for BG | and Il lines was
10-fold and 19-fold, respectively, while per cent squares
sustaining damage were reduced by 6 fold by B | and 16-fold
by BG Il genotypes over the conventional cotton varieties 3,
Strickland and Annells 8] revealed excellent efficacy of BG
Il to the lepidopteran pests based on very less larvae over the
conventional and INGARD cotton. The lepidopteran pest
surviving in BG Il was low of the cluster caterpillar, S. litura,
which might be due to the poor control by Bt proteins. BG Il
gave higher vyield (5.44 bales/ha) than conventional (1.60
bales/ha) and INGARD (4.83 bales/ha) using similar
insecticides. Udikeri [*¢1 found new generation Bt cotton
MRC-7201 (BG-II) with CrylAc+Cry2Ab genes to be best
against BWs. The incidence of H. armigera was 0.13
larva/plant in MRC-7201 (BG-I11) with 5.05 per cent damage
which was on par with MRC-6322 Bt that revealed BG-II as
superior than all BG-I cultivars under unprotected conditions.
Bheemanna et al. [l reported no larval population of H.
armigera on BG Il (MRC-7201) over the BG-1 (MRC-6322)
that had 0.12 and 0.19 larvae/plant in the later season.
Similarly, BG-1l had no S. litura larvae, whereas BG-I
recorded 4.34 and 5.41 larvae per meter row in both the
locations. Also no defoliation was recorded in BG Il due to S.
litura, but it ranged from 20 to 35 per cent in BG-1 and non
Bt.

5. Present scenario of Bt cotton

In case of cotton crop usually the growers rely heavily on the
use of chemical insecticides to control various pests on cotton
crop [ 8l Their mere dependence on the insecticides has
escalated the production cost in cotton. But the Bt cotton
resulted in lesser applications of insecticides to control
various insect pests [13 18 47. 55 761 Bt cotton is adopted by
Indian farmers with such an enthusiasm that by 2012 there
were 1128 Bt cotton hybrids available in the market. The
insecticide applications were reduced up to 7 numbers in
South Africa 3, 14 in China "4, 5-6 in Australia 9 and 2.5
in India ™ for controlling different pests on Bt cotton. In
Southeast Asia, the Bt cotton significantly reduced the
insecticide usage by 72 per cent thereby increasing the yield
up to 11.4 per cent with estimated profit of US $126.02/ha 59,
Also the reduced insecticide use has increased the predatory
fauna and affected the arthropod population in Bt cotton field
1341 At present, the transgenic crops are currently grown in 28
countries and adoption is predicted to continue its steady
growth 0. Although there is high dependency on Bt hybrids
for cotton cultivation but there are few concerns emerged with
adoption of Bt technology which are highlighted below.
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6. Resistance breakdown, possible causes and future
research

The most important strategy for delaying the development of
resistance to Bt crops is to increases the chances of survival of
susceptible insects on ‘‘refuges’” of same crop plants that do
not produce Bt toxins (% 87 8 971 The primary resistance
mitigation measure for Bt crops has been the use of refuges to
provide a source of large numbers of Bt-susceptible insects to
counter any resistant insects and the IRM refuge strategy has
largely been successful in delaying insect resistance [,
However, an increase in area under Bt cotton and lack of
proper regulations for growing refugia and IRM strategies
leads to problems like development of resistant pest
populations in cotton. The Bt cotton hybrids in India exhibits
traits in hemizygous form as compared to Bt cotton varieties
planted in the United States, China and Australia. There is
great variation in expression of CrylAc in boll tissues ranged
between 1.25 to 10.00 pg g™' (dry weight basis) in India B 74
as compared to 5 pg g in boll rinds of Bt cotton varieties in
United States and Australia. Keeping all this in view United
States started large scale laboratory studies in United states in
1997-98 to check the resistance of Bt CrylAc to Pink boll
worm and their field collections yielded a highly resistant
strain of PBW to Cry1Ac . In China the Bt cotton (Cry1Ac)
was reported to become tolerant to H. armigera in field
studies during 2007 4. In 2008 high infestation of PBW in a
Bt cotton with CrylAc was recorded in Gujrat, and in 2010 in
Maharashtra and Madhya Pradesh 2% 271, Bambawale et al. !4
emphasised that inadequate planting of refuges in Bt cotton
fields may be one of the major cause of field resistance of Bt
cotton to PBW in India. Field data from India and China
showed substantial survival of susceptible pink bollworm
larvae on approved Bt cotton varieties/hybrids that produce
CrylAc % 69 981 \which indicates a failure to meet out the
recommended high dose of cry proteins. Although the area
planted to Bollgard Il has dramatically increased since 2009,
refuge management remains a critical component of
managing resistance to all proteins in Bollgard 1l cotton.
Kranthi 2 reported 40-80% incidence of PBW in BG II
cotton hybrids in Amreli and Bhavnagar districts of Gujrat.
Fradrick et al. [? reported multi-toxin resistance enables
PBW survival on pyramid Bt cotton containing Cry 1Ac and
Cry 2 Ab. Jeffrey et al. 2% reported multi-toxin resistance
enables pink bollworm survival on pyramid Bt cotton (BG II)
containing Cry 1Ac and Cry 2 Ab genes. There was high risk
of resistance to pink bollworm to Cry2Ab in India where the
refuges of non-Bt host plants are scarce, resistance to CrylAc
was widespread, and the exposure to Cry2Ab was extensive
(1991, The North India i.e. Punjab, Haryana and Rajasthan, was
assumed to be free from PBW incidence in Bt varieties/
hybrids until 2017 but in Kharif-2018 the incidence of PBW
was observed in both BG | and Il cotton hybrids/varieties up
to varying extents in Haryana as well as Punjab (unpublished
data). Also it has been highlighted 1% that the success of
transgenic cotton is still being an unanswered task in the
developing nations.

More than 90 per cent of cotton growers did not use refuges
packet across Maharashtra, Andhra Pradesh and Punjab in
India %%, To overcome the problem of resistance development
in Bt cotton we need to be strict in making guidelines and
regulations of growing refuges along with the cotton crop,
though it is not a permanent solution to the insect resistance
but will definitely delay the development of resistance. It is
mandatory to grow refuges of non Bt cotton in or near Bt

cotton fields in some parts of United States to delay pest
resistance (USEPA, 2002). Mallet and Porter % emphasised
that seed mixtures have several advantages relative to block
refuges and also these mixtures will increase the dominance
of resistance by increasing survival of heterozygous larvae
relative to homozygous susceptible larvae. In 2010, the
regulations were modified to include refuges planted with
mixtures of Bt and non-Bt seeds that yield a random array of
Bt and non-Bt plants side-by side within fields in United
States. Keeping in view this, Indian governments has also
taken the decision to use seed mixtures of Bt and non-Bt
plants side-by side from the kharif-2019 onwards. Also mass
Release of sterile moth of Pink boll worm and plantings of
refuges of non Bt cotton will help to suppress the resistance to
two decades in Arizona %%l Another way to combat insect
resistance is gene pyramiding of Bt cotton genes, which helps
in delaying resistance development. In respect of this
Bollgard Il cotton released by Monsanto which adds one
more protein i.e.Vip3A to CrylAC and Cry2AB found in
Bollgard Il, to create a triple-mode-of action [?61, Bayers Crop
Sciences Twin Link cotton offers two Bt proteins Cry1Ab and
Cry2Ae and Twin Link Plus offers three Bt proteins (CrylAb,
Cry2Ae and Vip3Aal9), whereas, Wide Strike Il of Dow
Agro Sciences has contains CrylAc, CrylF and a Vip3A for
durability and improved insect resistance management [26,
Despite legal regulations of GEAC, BG | cotton was brought
to India illegally in 2000 in Gujarat and also illegal smuggling
and cultivation of BG Il cotton seeds (5.5 lakh packets) into
the Vidarbha district was reported ['%71. Monsanto was all set
to release BG Ill (with an additional gene vip3) in India,
however, it withdrew its decision considering the anti-GM
atmosphere. It entered illegally through traders in Yavatmal
from Andhra Pradesh apart from Gujarat 91, Although these
technologies are new and not registered for commercial
cultivation in India but surely these will help in enhancement
of resistance durability and sustainable cotton production.
Strict regulation in plantings of refuges, mass release of male
sterile moths and gene pyramiding are some of the areas
which when integrated will result in insect resistant
management in cotton.

7. New emerging pests

Since 2002, with the adoption of Bt cotton, the changes in
complex of various insect-pests on Bt cotton are evident in
India due to its large scale cultivation. Mealy and mirid bugs
emerged as potential threat to the Bt cotton and with the
cultivation of Bt cotton mealy bug has became havoc in
cotton since 2006. During 2007- 08, the pest caused serious
damage in Punjab with nearly 0.2 million bales yield loss
(Worth Rs 1.59 hillion). It also caused similar situation in
Haryana state followed by Rajasthan, Sourashtra (Gujarat),
Maharashtra, Andhra Pradesh, and once again the farmers
were forced to rely on heavy insecticidal usage once to
control mealy bugs on this crop. For the sustainability of Bt
technology, there needs longer-term monitoring of possible
secondary effects and farmers’ behavior in maintaining
refuges /1. The conventional taxonomy and molecular
analyses has confirmed the presence of mealy bug,
Phenacoccus solenopsis (Tinsely) throughout the country.
Other mealy bug species, Phenacoccus solani and
Maconellicoccus hirsutus (Pseudococcidae: Homoptera) also
appear in the isolated patches. A green mirid, Creontiades
biseratense (Distant) started appearing since 2005 in
Karnataka and causes heavy shedding of squares and small
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sized bolls in Bt cotton. Apart from this, Campylomma livida
(Reuter) was reported from Mabharastra. Besides this, S. litura
is also potential threat to the Bt cotton. The major reasons
which have triggered the outbreak of secondary pest species
on Bt cotton was reduced applications of broad-spectrum
insecticides, natural enemy populations and interspecific
competition with the target pests 1%,

8. Impact on diversity of pests and predators

The increased populations of the natural enemies on the
transgenic cotton may be due to lesser applications of
chemical insecticides 4. The transgenic cotton may act as a
refuge for the predatory fauna in the large scale crop
production and there the non-Bt cotton may be sprayed with
insecticides (61, The absence of hosts or direct toxic effects of
Bt toxin resulted into the reduced parasitoid activity on Bt
cotton [¢71. Some adverse effects of Bt toxin on the survival
and development of predatory fauna have been reported [l
There were no significant differences reported in the
abundance of insect predators between unsprayed Bt and non
Bt cotton fields [, Although, the transgenic cotton is more
effective to the target pests only without any adverse effects
on the predatory fauna ™ but the behavioural change of non-
target organisms or by the removal of their prey/hosts make
the chances the insect predators and parasitoids being
indirectly influenced 4. Several studies have shown no direct
effects of Bt toxin on green lace wing predator, Chrysoperla
carnea Stephens "], The adverse effects may be due to the
ingestion of Bt toxin during feeding on lepidopterous larvae
or may be due to the consumption of intoxicated non-target
prey that may pick up the Bt toxin [8l. A few indirect effects
on the predatory insects have been reported through unhealthy
prey/hosts but at the same time the increased parasitism of
unhealthy prey/host due to Bt toxin their population may be
increased 81, The transgenic cotton can affect field predatory
fauna through removal of eggs, larvae and pupae of
lepidopterous pests which serve as their food sources %1, The
Bt toxic effects on predatory fauna might be either due to
ingestion of Bt toxin fed lepidopterous larvae or the
consumption of intoxicated non-target prey might have picked
up the Bt toxin 1. A rich diversity of insect predatory fauna
and the parasitoids found on cotton play a significant role for
regulation of the pest population 4, A few field reports have
indicated no significant difference of populations of predatory
fauna on Bt and non-Bt cotton and where the differences
noticed indicated their populations significantly higher on Bt
than the non-Bt cotton due to lower insecticide use in the Bt
fields 3. Dhillon and Sharma 22 reported no significant
influence of Bt cotton on the abundance of different natural
enemies like chrysopids, ladybird beetles and spiders. Several
field studies have indicated no direct adverse effects of
transgenic crops on the insect predatory fauna [l. Singh [0
has also talked about the eco-toxicological impact of Bt
cotton on predatory fauna.

The transgenic cotton acts specifically against the target pests
without any direct adverse effect on non-target pest
population. The BG | provided a significant season long field
control of the most target pests like American bollworm,
Helicoverpa armigera, spotted bollworms, Earias spp. and
pink bollworm, Pectinophora gossypiella) with effect on
tobacco caterpillar, Spodoptera species. Genetically modified
or Bt cotton is no longer resistant to pink bollworm- a major
pest in Maharashtra, prompting the state government to write
to the Union government to seek its intervention ©2, The

reports of BW, H. zea larvae feeding in white flowers of BG
cotton have been relatively common since the
commercialization of this technology in 1996 2. Also the
reduced insecticidal applications on Bt cotton has positive
impact on populations of beneficial insects and can enhance
the stability of rare species. The transgenic cotton is not
resistant to the non-target sucking insect pests. As this cotton
has no adverse effects on the non-target insect population and
need lesser applications of broad-spectrum insecticides,
therefore it can be an important tool of IPM program in cotton
agro-ecosystem [18. 105,

9. Insecticide resistance management (IRM)

The US Environmental Protection Agency's (USEPA) Office
of Pesticide Programs (OPP) has worked on the development
and analysis of IRM strategies and has mandated specific
IRM requirements for Bt crops since 1995B1, As plant
incorporated protection system of toxin administering Bt
crystal proteins offers a great deal of selection pressure to
bollworms. Thus resistance development in bollworms such
as H. armigera and H. zea (Boddie) has been well adopted
and hence refugia have been incorporated as IRM strategy by
EPA of UAS which our country too adopted. The key IRM
strategy used to delay the resistance development followed
worldwide is maintaining refugia (20% protected or 5%
unprotected non Bt cotton) at the beginning of era of Bt
cottons and now growing dual gene cultivars. Use of insect
resistant BTK lines or equally efficacious commercial BTK
cultivars in production agriculture can reduce insecticide
applications against various insect pests while increasing farm
profit and opportunities for the use of biological control (4],
The transgenic plants expressing insecticidal proteins from Bt
first commercialized in 1996, but according to some
scientists, regulators and environmentalists their widespread
use could inevitably lead to resistance development and the
loss of public health particularly, the susceptibility of various
insect pests to Bt proteins. A decade later, Bt corn and cotton
were grown over more than 80 million hectares area
worldwide. Despite dire predictions to the contrary, resistance
to Bt crop has yet to be documented, indicating that resistance
management strategies have been effective so far. However,
the current strategies to delay the resistance development
remain far from ideal. A decade with no resistance provided a
timely opportunity to the researchers, regulators and
industrialists to reassess the risk of resistance and the most
effective ways to preserve Bt and other novel insect-resistant
crops B9, Arshad et al. [8 presented few alternative means to
minimize the resistance development in target pests i.e., i)
planting of refuge crop that does not contain Bt based product
for susceptible target insect pests, ii) expression of Bt proteins
at consistent and high levels in all the plant structures, iii)
monitoring for shift in baseline susceptibility of target pests to
Bt based products, and iv) using other IPM control strategies.

10. Future perspectives

An increasing confidence in the benefits of Bt crops and the
availability of new Bt varieties conferred the protection
against additional crop pests 4. In recent years, unusually
high level of pink bollworm infestation on dual Bt cotton (BG
I1) has been observed in south and central India (8. Complete
failure of Bt cotton has been experienced in India due to
emergence of pink bollworm which developed resistance
against Bt cotton. Such incidences cause great concerns
among the scientists as presently there is no other way than
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insecticidal sprays to manage the PBW. Also, the lack of
resistance observed in the field to current Bt crops attests to
the potential sustainability of this technology, but caution
continues to be warranted because at least one insect species,
the diamondback moth, has evolved resistance in the field to
foliar Bt sprays, and the selection pressure for resistance in
other insect species to Bt cotton will only increase its
adoption levels.

The second-generation insecticidal transgenic cotton should
not be seen as a panacea to manage insect pest problem and
Bt resistance but rather as a changing knowledge related to
the ecology and genetics of resistance to Bt. Any highly
effective strategy for a given crop is based on the best
available models and will not remain static in the face of our
rapidly changing knowledge. The continuous use of Bt crops
too will result in development of the selection pressure on
various pests from these crops. Success of the application of
Bt crop in cotton is unquestionable but the panic of
developing resistance in pests against Bt protein will always
be there. Although selection pressure on pests can be
minimized by using multifaceted IPM strategies %! by which
a particular Bt variety can last for many years in cultivation.
However, there is need of continuous search for resistance
genes and their interaction with insect pests. Monitoring for
changes in resistant-allele frequencies in field populations
may increasingly play a critical role in the future insecticide
resistance management. Economic threshold level of various
pests also needs to be re-determined continuously in scenario
of changing pest status. There is need to re-access the
chemicals used in cotton crop with the emergence of new
pests on Bt cotton 1%, It should be estimated that presently
chemical used on Bt cotton crop are still decreased or not
which was the reason for adaption of Bt cotton. GM
technology should be last resort to tackle insect-pests damage
in any crop when there is not enough variation in the
germplasm.

As said by Dr. M. S. Swaminathan in an interview to The
Hindu, 16 August 2017 ™ that in most cases normal
Mendelian breeding is sufficient in tackling various biotic and
abiotic challenges and genetic engineering technology is not
necessary. There is need to devise a way to get the GM
technology’s benefits without its associated risks and it should
be used where there is no other way to address the challenge.
Moreover, there needs monitoring and management of
resistance to Cry proteins in the first and second generation
genotypes for sustainability of Bt technology, develop an IPM
for BG-1I cotton with emphasis on sucking pest management
with biorationals to achieve pesticide free cultivation of
cotton and conduct studies on causes and remedies to contain
the problems associated with expression of toxin [,
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