










Bio-Technology and Bt Cotton World Future, Abdallah M. Albeltagy

Bio Technology and the future of world cotton production

"Transgenic Bt Cotton: in USA and

Some Developing Countries (China and India)"

Abdallah M. Albeltagy

Albeltagy515@gmail.com

Preface

Twenty years ago ( 1993 ) I travelled from Egypt ( Alexandria ) to USA
( Phoenix Arizona ) for a post doctoral fellowship to the Western Cotton Research
Laboratory ( WCRL ) to study " pink bollworm (PBW) sex pheromone trap catches and
boll infestation relationships ". Then, I had the honor to work with  Dr. T.J. Henneberry
( director of WCRL then ) , Dr. J. leggette and Dr. Steven Naranjo ( Entomologists ) ,
Dr. A. Barteltt ( Geneticist ) , O. Ellissy ( USDA ) and many other scientists. Since that
time I still in contact with Dr. Naranjo who mentioned to me several times the advanced
researches in PBW research and control programs in Arizona (AZ). Most discussions
with Dr. Naranjo concentrated in the transgenic Bt cotton programs in Az.

In March (2005) I sent a message to Dr. Naranjo asked him this question "What is new
in PBW research? ". Shortly he answered me saying that "What's new in PBW research
?. Well, several things. Transgenic Bt cotton has been widely adopted in AZ    (about 80
% of the acreage) and PBW has become a rare insect in cotton. So far there is no
evidence of resistance and the technology is very, very effective. It has essentially
eliminated all sprays for pinky and other caterpillars", and he enclosed his message with
the three reprints of his most recent research papers [Naranjo (2005a and b) and Naranjo
et al. (2005)]. These new information sent by Naranjo ( 2005 ) made me very interesting
in the subject of " Transgenic Bt crops , and especially transgenic Bt cotton " which is
now with two main other sources " Wikipedia and CICR reports " and in reference to
two article reviews of my publications(Albeltagy (2013a and Albeltagy2013b), are the
subject of this book . 

                                                                                    Abdallah M. Albeltagy

                                                                              Alexandria, Egypt

                                                                           March 2013
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Bt cotton commercially. (Bt) cotton reduces use of insecticides, cuts farmers' production

costs, and increases yields. 

Wikipedia showed that: Global adoption of Bt cotton has risen dramatically from
800,000 hectares in its year of introduction in 1996 to 5.7 million hectares (alone and
stacked with herbicide- tolerant cotton) in 2003. Significant economic and production
advantages have resulted from growing Bt cotton globally. Bt cotton can substantially
reduce the number of pesticide sprayings, which reduces worker and environmental
exposure to chemical insecticides and reduces energy use. The quality of life for farmers
and their families can be improved by the increased income and time savings offered by
Bt cotton. These economic, environmental, and social benefits are being realized by
large and smallholder farmers alike in eight countries around the world. 
Bt cotton was planted on over 15 million hectares in 11 countries in 2009 and has

contributed to a reduction of over 140 million kilograms of insecticide active ingredient

between 1996 and 2008. 

Wikipedia mentioned  that: It is estimated that between 1996 and 2005 the deployment
of Bt cotton has reduced the volume of insecticide active ingredient used for pest control
in cotton by 94.5 million kilograms and increased farm income through reduced costs
and improved yields by US$7.5 billion. 
The efficacy of Bt maize and cotton against major pest species has been associated with

an estimated 136.6 million kg global reduction in insecticide active ingredient used

between 1996 and 2006 (29.9% reduction). Benefits vary by country and region and are

heavily weighted towards cotton production, which has historically been one of the

largest users of insecticides in the world. 

Many cotton production strategies ( from the pest control point of view ) have been

applied in cotton production world wide, these strategies are :- 1- Insecticides

treatment Strategy (ITS) ; 2- Integrated pest management ( IPM ) strategy ( IPMS); 3-

Pheromone technology strategy ( PTS ) ; 4-Sterile insect release (SIR ) strategy (SIRS );

5- Biological control Strategy ( BCS); 6- Bt-transgenic strategy ( Bt.S) and Organic

strategy ( OS ) .  

This book focuses on the Bt cotton world use, benefits and production.  
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Introduction1 :-

Naranjo et al. (2008) mentioned that: Cotton was grown in more than 75 countries with a

total production of 26.6 billion kilograms in 2006 (National Cotton Council, 

http://www.cotton.org) and supplied almost 40% of total worldwide demand for fiber.

Four species of cotton (Gossypium) are cultivated worldwide, including G. herbaceum

and G. arboreum, which are mainly grown in Asia, G. barbadense or long staple cotton

cultivated in Egypt, India, the West Indies, and parts of the western USA and South

America. Gossypium hirsutum (upland cotton), the most common species, is cultivated

throughout the world. Cotton is a perennial plant, but through manipulation of irrigation, 

defoliants and cultivation it is grown as an annual crop. The harvestable portions of the

plant are found in the cotton fruit where the primary product, lint fiber, arises from the

growth of single cells on the seed surface. Cotton seed is used as animal feed or in the

production of oil used in some food products. Cotton is inhabited by a large diversity of

arthropods throughout the world. 

Hargreaves (1948) cataloged >1,300 herbivorous insects on cotton worldwide. Although

very few of these are of economic importance, cotton production has a long history of

employing insecticides for crop protection. It is estimated that cotton accounts for about

22.5% of total insecticide use worldwide (Anonymous, 1995). Advances in various pest

management technologies and practices in cotton are reducing the use and impact of

insecticides (Wilson et al., 2004; Brookes and Barfoot, 2006; Naranjo and Luttrell, 

2008); most prominent among these has been the use of biotechnology to enhance

protection against some of the most severe pests of this crop. 

Naranjo et al. (2008) reported  that: The adoption and use of genetically-modified (GM)

crops continues to grow rapidly worldwide. As of 2007, 23 countries were producing

GM crops on a total of 114.3 million hectares (James, 2007). Cottons genetically

1 - Naranjo, et. al., (2008). 
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modified to produce the selective toxin proteins of Bacillus thuringiensis (Bt; Cry1 and

Cry2 proteins) have been grown commercially since 1996. All current commercial lines

of Bt cotton are cultivars of G. hirsutum, however, transgenic G. barbadense producing

Bt toxins was approved for limited field evaluation in Australia in late 2007. The USA, 

Australia and Mexico were the first countries to permit commercial cultivation of Bt

cotton, followed by China and South Africa in 1997, Argentina in 1998, Colombia and

India in 2002, and Brazil in 2005 (Benedict and Ring, 2004; James, 2007). Widespread

cultivation of Bt cottons in Burkina Faso, West Africa is expected in the near future.

Indonesia commercialized Bt cotton in 2001 but ceased cultivation 2 years later when

regulatory permits expired. Commercial production is expected to resume there in the

future. The adoption rate of Bt cotton in India has been unprecedented. Production there

grew from about 50,000 ha in 2002 to 6.2 million hectares in 2007, a 12,300% increase

in 5 years (James, 2007). In 2007, 131 hybrids were approved for planting in India

compared with 4 in 2002, the initial year of cultivation. India now grows more Bt cotton

than any other country in the world. Pakistan, one of the five largest producers of cotton

in the world, has developed several indigenous Bt cotton varieties and wide-scale testing

is on-going. 

1) Bacillus thuringiensis ( Bt ) 2 :-

Under the title of Bacillus thuringiensis Wikipedia reported the following:-

Bacillus thuringiensis (or Bt) is a Gram-positive, soil-dwelling bacterium,

commonly used as a biological pesticide; alternatively, the Cry toxin may be extracted

and used as a pesticide. B. thuringiensis also occurs naturally in the gut of caterpillars of

various types of moths and butterflies, as well as on the dark surfaces of plants.[1]

During sporulation, many Bt strains produce crystal proteins (proteinaceous inclusions), 

called -endotoxins, that have insecticidal action. This has led to their use as

2 - Wikipedia, Bacillus thuringiensis.
http://en.wikipedia.org/wiki/Bacillus_thuringiensis
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insecticides, and more recently to genetically modified crops using Bt genes. There are,

however, many crystal-producing Bt strains that do not have insecticidal properties.[2]

It's shown in Fig. ( 1 ) the Spores and  bipyramidal crystals of Bacillus thuringiensis

morrisoni strain T08025 as it's  pointed out  on Wikipedia website page.

Fig.( 1) : Spores and bipyramidal crystals of Bacillus thuringiensis morrisoni strain

T08025. 

1- Discovery and study:-

Wikipedia reported that: B. thuringiensis was first discovered in 1901 by Japanese

biologist Shigetane Ishiwatari. In 1911, B. thuringiensis was rediscovered in Germany

by Ernst Berliner, who isolated it as the cause of a disease called Schlaffsucht in flour

moth caterpillars. In 1976, Robert A. Zakharyan reported the presence of a plasmid in a

strain of B. thuringiensis and suggested the plasmid's involvement in endospore and

crystal formation.[3][4] B. thuringiensis is closely related to B.cereus, a soil bacterium, 

and B.anthracis, the cause of anthrax: the three organisms differ mainly in their

plasmids. Like other members of the genus, all three are aerobes capable of producing

endospores.[1] Upon sporulation, B. thuringiensis forms crystals of proteinaceous

insecticidal -endotoxins (called crystal proteins or Cry proteins), which are encoded by

cry genes.[5] In most strains of B. thuringiensis, the cry genes are located on the

plasmid.[6][7][8]

Cry toxins have specific activities against insect species of the orders

Lepidoptera (moths and butterflies), Diptera (flies and mosquitoes), Coleoptera
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(beetles), Hymenoptera (wasps, bees, ants and sawflies) and nematodes. Thus, B.

thuringiensis serves as an important reservoir of Cry toxins for production of biological

insecticides and insect-resistant genetically modified crops. When insects ingest toxin

crystals, the alkaline pH of their digestive tract activates the toxin. Cry toxin gets

inserted into the insect gut cell membrane, forming a pore. The pore results in cell lysis

and eventual death of the insect.[9][10]

2 - Use in pest control :-

Wikipedia mentioned that: Spores and crystalline insecticidal proteins produced by B.

thuringiensis have been used to control insect pests since the 1920s.[11] They are now

used as specific insecticides under trade names such as Dipel and Thuricide. Because of

their specificity, these pesticides are regarded as environmentally friendly, with little or

no effect on humans, wildlife, pollinators, and most other beneficial insects. The Belgian

company Plant Genetic Systems was the first company (in 1985) to develop genetically

engineered (tobacco) plants with insect tolerance by expressing cry genes from B. 

thuringiensis.[12][13]

B. thuringiensis-based insecticides are often applied as liquid sprays on crop plants, 

where the insecticide must be ingested to be effective. The solubilized toxins are thought

to form pores in the midgut epithelium of susceptible larvae. Recent research has

suggested the midgut bacteria of susceptible larvae are required for B. thuringiensis

insecticidal activity.[14]

Bacillus thuringiensis serovar israelensis, a strain of B. thuringiensis is widely used as a

larvicide against mosquito larvae, where it is also considered an environmentally

friendly method of mosquito control. 
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3-Genetic engineering for pest control:-

a- Usage :-

It's shown in Fig. ( 2 ) the Bt toxins present in peanut leaves protect it from

extensive damage caused by Lesser Cornstalk Borer larvae  , also as it's  pointed

out on Wikipedia website page.

Fig.( 2 ) : Bt toxins present in peanut leaves (left image) protect it from

extensive damage caused by Lesser Cornstalk Borer larvae (right image).[15]

In 1995, potato plants producing Bt toxin were approved safe by the Environmental

Protection Agency, making it the first pesticide-producing crop to be approved in the

USA.[16] By 1996, Bt maize, Bt potato and Bt cotton were being grown by farmers in the

USA.[17]

Wikipedia mentioned  that: Bt crops (in corn and cotton) were planted on 281,500 km²

in 2006 (165,600 km² of Bt corn and 115900 km² of Bt cotton). This was equivalent to

11.1% and 33.6%, respectively, of global plantings of corn and cotton in 2006.[18]

Claims of major benefits to farmers, including poor farmers in developing countries, 

have been made by advocates of the technology, and have been challenged by

opponents. The task of isolating impacts of the technology is complicated by the

prevalence of biased observers, and by the rarity of controlled comparisons (such as

identical seeds, differing only in the presence or absence of the Bt trait, being grown in

identical situations). The main Bt crop being grown by small farmers in developing
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countries is cotton, and a recent exhaustive review of findings on Bt cotton by respected

and unbiased agricultural economists concluded, "the overall balance sheet, though

promising, is mixed. Economic returns are highly variable over years, farm type, and

geographical location".[19]

Because of the use of Bt crops, it's reported  that : the environmental impacts appear to

be positive during the first ten years of Bt crop use (1996 2005). One study concluded

insecticide use on cotton and corn during this period fell by 35.6 million kg of

insecticide active ingredient, which is roughly equal to the amount of pesticide applied

to arable crops in the EU in one year. Using the environmental impact quotient (EIQ)

measure of the impact of pesticide use on the environment,[20] the adoption of Bt

technology over this ten-year period resulted in 24.3% and 4.6% reduction, respectively,

in the environmental impact associated with insecticide use on the cotton and corn area

using the technology.[18]

b- Bt crop advantages :-

The Wikipedia report pointed out the advantages of transgenic Bt crops as follows:-

There are several advantages in expressing Bt toxins in transgenic Bt crops:

The level of toxin expression can be very high, thus delivering sufficient dosage

to the pest. 

The toxin expression is contained within the plant system, hence only those

insects that feed on the crop perish. 

The toxin expression can be modulated by using tissue-specific promoters, and

replaces the use of synthetic pesticides in the environment. The latter observation

has been well documented worldwide.[18]

c- Health and safety :-

The Wikipedia report pointed out the health and safety advantages of transgenic

Bt crops as follows:-
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Overall, Bt-modified crops appear to be environmentally safe.[21] The proteins produced

by Bt have been used in sprays for insect control in France since 1938 and the USA

since 1958 with no ill effects on the environment reported.[22]

Bt toxins are a potential alternative to broad-spectrum insecticides. The toxicity of each

Bt type is limited to one or two insect orders; it is nontoxic to vertebrates and many

beneficial arthropods, because Bt works by binding to the appropriate receptor on the

surface of midgut epithelial cells. Any organism that lacks the appropriate receptors in

its gut cannot be affected by Bt.[23][24]

There is evidence from laboratory settings that Bt toxins can affect nontarget organisms,

usually organisms closely related to the intended targets.[25] Typically, exposure occurs

through the consumption of plant parts, such as pollen or plant debris, or through Bt

ingestion by their predatory food choices. The methodology used by these researchers

has been called into question.[26]

A 2007 study funded by the European arm of Greenpeace suggested the possibility of a

slight but statistically meaningful risk of liver damage in rats.[27] The observed changes

have been found to be of no biological significance by the European Food Safety

Authority.[28]

d- Limitations of Bt crops :-  

It's clear from the Wikipedia report that there are several limitations of transgenic

Bt crops, these limitations are as follows:-

Constant exposure to a toxin creates evolutionary pressure for pests resistant to that

toxin. Already, a diamondback moth population is known to have acquired resistance to

Bt in spray form (i.e., not engineered) when used in organic agriculture.[29] The same

researcher has now reported the first documented case of pest resistance to biotech

cotton.[30][31]

One method of reducing resistance is the creation of non-Bt crop refuges to allow some

nonresistant insects to survive and maintain a susceptible population. To reduce the

chance an insect would become resistant to a Bt crop, the commercialization of
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transgenic cotton and maize in 1996 was accompanied with a management strategy to

prevent insects from becoming resistant to Bt crops, and insect resistance management

plans are mandatory for Bt crops planted in the USA and other countries. The aim is to

encourage a large population of pests so any genes for resistance are greatly diluted. 

This technique is based on the assumption that resistance genes will be recessive.

This means that with sufficiently high levels of transgene expression, nearly all of the

heterozygotes (S/s), i.e., the largest segment of the pest population carrying a resistance

allele, will be killed before they reach maturity, thus preventing transmission of the

resistance gene to their progeny.[32] The planting of refuges (i. e., fields of nontransgenic

plants) adjacent to fields of transgenic plants increases the likelihood that homozygous

resistant (s/s) individuals and any surviving heterozygotes will mate with susceptible

(S/S) individuals from the refuge, instead of with other individuals carrying the

resistance allele. As a result, the resistance gene frequency in the population would

remain low. 

Nevertheless, limitations can affect the success of the high-dose/refuge strategy. For

example, expression of the Bt gene can vary. For instance, if the temperature is not

ideal, this stress can lower the toxin production and make the plant more susceptible. 

More importantly, reduced late-season expression of toxin has been documented, 

possibly resulting from DNA methylation of the promoter.[33] So, while the high-

dose/refuge strategy has been successful at prolonging the durability of Bt crops, this

success has also had much to do with key factors independent of management strategy, 

including low initial resistance allele frequencies, fitness costs associated with

resistance, and the abundance of non-Bt host plants that have supplemented the refuges

planted as part of the resistance management strategy.[34]

e-

The Wikipedia report pointed out the problem of insect resistance in transgenic Bt

crops as follows:-
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In November 2009, Monsanto scientists found the pink bollworm had become resistant

to Bt cotton in parts of Gujarat, India. In four regions, Amreli, Bhavnagar, Junagarh and

Rajkot, the crop is no longer effective at killing the pests. This was the first instance of

Bt resistance confirmed by Monsanto anywhere in the world.[35] Monsanto confirmed

field resistance of the worm to the Cry1Ac first generation Bollgard cotton, which

expresses a single Bt gene.[36]

The Wikipedia report also pointed out the problem of Ssecondary pests in

transgenic Bt crops as follows:-

Several studies have documented surges in "sucking pests" (which are not affected by Bt

toxins) within a few years of adoption of Bt cotton. In China, the main problem has been

with mirids,[37][38] which have in some cases "completely eroded all benefits from Bt
[39]

Similar problems have been reported in India, with both mealy bugs [40][41] and aphids.[42]

g- Possible problems :-

Also the Wikipedia report pointed out some other possible problems in transgenic

Bt crops as follows:-

1- Lepidopteran toxicity : The most publicized problem associated with Bt crops is

the claim that pollen from Bt maize could kill the monarch butterfly.[43] This report was

puzzling because the pollen from most maize hybrids contains much lower levels of Bt

than the rest of the plant [44] and led to multiple follow-up studies. 

The initial study apparently was flawed by faulty pollen-collection procedure;

researchers fed nontoxic pollen mixed with anther walls containing Bt toxin.[45] The

weight of the evidence is that Bt crops do not pose a risk to the monarch butterfly.[46]

Monarch butterflies have no innate relationship to maize crops in the wild, and are not

believed to consume maize pollen (or pollen of related plants) in either life stage.
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2- Wild maize genetic contamination: A study in Nature reported that Bt-containing

maize genes were contaminating maize in its center of origin.[47] Nature later "concluded

that the evidence available is not sufficient to justify the publication of the original

paper."[48] However, there still remains a controversy over the highly unorthodox editor's

note on the part of Nature.[49][50] In 1998, Chapela, one of the original paper's authors, 

spoke out against Berkeley accepting a multimillion dollar research grant from the Swiss

pharmaceutical company, Novartis.[49]

A subsequent large-scale study, in 2005, failed to find any evidence of contamination in

Oaxaca.[51] However, further research confirmed initial findings concerning

contamination of natural maize by transgenic maize.[52]

However, further studies, such as that published in Molecular Ecology in 2008, have

shown some small-scale (about 1%) genetic contamination (by the 35S promoter) in

sampled fields in Mexico.[53][54] One meta-study has found evidence for and against Bt

contamination of maize, concluding that the preponderance of evidence points to Bt

maize contamination in Mexico.[55

3- Possible link to colony collapse disorder : As of 2007, a new phenomenon called

colony collapse disorder (CCD) began affecting bee hives all over North America.

Initial speculation on possible causes ranged from new parasites to pesticide use[56] to

the use of Bt resistant transgenic crops.[57] The Mid-Atlantic Apiculture Research and

Extension Consortium published a report in March 2007 that found no evidence that

pollen from Bt crops is adversely affecting bees.[58] The actual cause of CCD remains

unknown, and scientists believe that it may have multiple causes.[59]
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Chapter (2)

Bt Cotton Review

As I mentioned in the preface, it was a good opportunity to me to meet Dr.

Steven Naranjo, and work with him in 1993 in the Western Cotton Research

Laboratory (WCRL), Phoenix, Arizona, USA. The main source of my data and

information in this book is a part of the so many reviews that Dr. Naranjo

published in this subject. I'd like to give some information about Dr. Naranjo

himself before beginning to go ahead in the subject of this book. 

Steven E. Naranjo is the Center Director & Entomologist at the Arid-Land

Agricultural Research Center (21881 North Cardon Lane, Maricopa, Arizona, USA

85138 (520-316-6333 /520-316-6330 (FAX), steve.naranjo@ars.usda.gov

His Education: ( B.S. Zoology, Colorado State University 1978, M.S. Entomology,

University of Florida 1983, Ph.D. Entomology, Cornell University 1987. 

His Research Interests:

My areas of expertise include, population ecology, biological control, sampling and

decision-support systems, integrated pest management, and risk assessment in transgenic

crops. My current interests include characterizing and estimating the impact of arthropod

predation on cotton pests, conservation biological control through the use of selective

insecticides, non-target effects of transgenic cottons, seasonal ecology of whitefly and

lygus bugs, and survey and evaluation of arthropods inhabiting lesquerella and guayule,

two new desert crops. 

1) Effect of Bt cotton on different organisms : -

1-1- Arthropod Nontarget Effects in Bt Transgenic Crops3:

Naranjo et al. ( 2005 ) mentioned that : " Ten years ago the first crops modified through

genetic engineering to produce novel in-plant protectants became commercially

3 - Naranjo, et. al. (2005). 
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available in the United States. Since that time, the adoption and use of crops with built-

in resistance to lepidopteran and coleopteran insect pests and tolerance to certain

herbicides has grown rapidly in both industrial and developing countries worldwide. By

2004, 17 countries had adopted transgenic crops ranging from corn and cotton producing

insecticidal proteins of Bacillus thuringiensis Berliner (Bt) to corn, cotton, soybean, and

canola containing genetic constructs conferring tolerance to the herbicides glyphosate or

glufosinate. It is estimated that in 2004, 81 million hectares of transgenic crops were

cultivated in these 17 countries, the United States leading the way with 47.6 million

hectares (James 2004). In 2004, 32% of the yield corn and 46% of the upland cotton

acreage in the United States was planted with genetically modified cultivars producing

one or more Bt toxins (USDA 2004).  

The rapid and widespread adoption of transgenic crops in the United States and

elsewhere has prompted extensive debate over multiple issues related to human safety

and environmental risk. The putative environmental risks that have been articulated

include outcrossing of nontransgenic plants through pollen drift, horizontal transfer of

transgenes to unrelated organisms, loss of susceptibility to Bt toxins in target pests, 

disruption of ecosystem processes, and direct or indirect effects on non-target organisms

and biodiversity. There has been equal discourse expounding the potential benefits

associated with the use of transgenic crops in agricultural production systems, including

significant reductions in use of conventional, broad-spectrum insecticides, improved

suppression of target pests, improved yields, reductions in production costs leading to

increased profitability, and increased opportunities for biological control".

1-2- Effects of Transgenic Bt Cotton on The Function Of Natural Enemy

Community4 :

In his key and valuable review (2005 a), Naranjo reported that "Field

studies to assess effects of transgenic crops on non-target organisms primarily have

4 - Naranjo ( 2005a).
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focused on non-target abundance and diversity, whereas few have examined effects on

non-target community function. A 5-yr field study in Arizona assessed whether

transgenic cotton producing the Cry1Ac toxin of Bacillus thuringiensis (Bt) had an

effe on three key pests. Predator: prey ratios

for Bemisia tabaci (Gennadius) and Lygus hesperus Knight were similar in unsprayed Bt

and non-Bt cotton. Insecticide applications in positive control plots inconsistently

altered ratios for B. tabaci. Predation indices based on the known feeding activity of

selected predators showed that potential predator impact was unaltered by Bt cotton but

was consistently depressed with insecticide applications. Sentinel eggs and pupae of

Pectinophora gossypiella (Saunders) experienced the same rates of predation in both

unsprayed Bt and non-Bt cotton. Cohort-based life tables for B. tabaci showed that rates

of sucking predation, parasitism, and dislodgement (chewing predation in part) were

unchanged by Bt cotton. Underlying experimental designs were sufficient to consistently

detect changes of _20% in predator: prey ratios and predation indices and changes of

_10% in rates of P. gossypiella and B. tabaci mortality with _80% power (0.05). These

long-term studies showed essentially no effects of Bt cotton on natural enemy function

in Arizona cotton and further showed that minor reductions in density of several

predator taxa in Bt cotton observed in a companion study may have little ecological

meaning relative to natural enemy impact on key pests in the system".  

He also mentioned that " A rich diversity of parasitoid and arthropod

predator species are known to inhabit cotton fields (Whitcomb and Bell 1964, Van den

Bosch and Hagen 1966, Gonzalez et al. 1977), and it is generally recognized that natural

enemies play an important role in regulating pest herbivore populations (e.g., Leigh et

al. 1966, Eveleens et al. 1973, Stoltz and Stern 1978, Whitcomb 1980, Naranjo and

Ellsworth 2005). The use of insecticides with broad toxicity to both pests and their

natural enemies is one of the most severe constraints to realizing the potential of

biological control in managing pests of field and other crops (Stern et al. 1959, Newsom

et al. 1976, Croft, 1990). Improving the compatibility between chemical and biological
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control depends on minimizing the effects of insecticides on natural enemies through

reductions in use of boarders spectrum materials and adoption of more selective

compounds (Newsom et al. 1976, Hull and Beers 1985). Transgenic crops producing the

insecticidal proteins of Bacillus  thuringiensis Berliner (Bt) have the potential to

contribute to natural enemy conservation through both their selective activity and

associated reductions in the broad-spectrum insecticides they replace (Edge et al. 2001, 

Shelton et al. 2002, Federici 2003).

Naranjo (2005a) mentioned that: Transgenic Bt crops have been commercially available

in the United States since 1996, and their adoption continues to expand rapidly in the

United States and other parts of the developed and developing world (James 2004). In

2004, it was estimated that Bt cotton represented _46% of all upland cotton production

in the United States (USDA 2004). Use rates are much higher in Arizona where the

primary target is the pink bollworm, Pectinophora gossypiella (Saunders), a caterpillar

that feeds on seeds within the cotton fruit and is difficult to control with conventional

insecticides (Henneberry and Naranjo 1998). In Arizona, Bt cotton was grown on 81%

of the upland cotton acreage in 2003, most of it (74%) in a stacked configuration with

transgenes conferring resistance to the herbicide glyphosate (Tronstad et al. 2004). P.

gossypiella is highly susceptible to Bt cotton (Flint et al. 1996, Flint and Parks 1999, 

Ellsworth et al. 2002), and its wide-spread cultivation has been associated with dramatic

reductions in regional populations of this insect (Carrie` re et al. 2001). Along with the

potential benefits associated with the use of transgenic crops in agricultural production

systems, there are also putative risks, including outcrossing through pollen drift, 

horizontal transfer of transgenes to other organisms, food safety, loss of susceptibility to

Bt toxins in target pests, and direct or indirect effects on nontarget organisms including

the soil biota (Cannon 2000,  Wolfenbarger and Philer 2000, Marvier 2001, Shelton et

al. 2002, Conner et al. 2003). Various studies have examined arthropod nontarget effects

in both the laboratory and field (reviewed by Schuler et al. 1999, Glare et al. 2001, 

Pilson and Prendeville 2004, Lovei and Arpaia 2005, 
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laboratory studies have focused on defining the effects of direct exposure or indirect

exposure through trophic interactions to Bt toxins on the biology of nontarget species. 

Most field studies have largely focused on changes in abundance and diversity of

various nontarget taxa. Comparatively less attention has been focused on exploring tri-

trophic interactions and their implications on predator/ prey or host/parasitoid dynamics,

especially in the showed that Bt

transgenic rape did not affect parasitoid/ host interactions between Myzus persicae

(Sulzer) and its endoparasitoid Diaeretiella rapae (Mc- Intosh) or the ability of the

parasitoid to suppress aphid populations. Bourguet et al. (2002) found lower levels of

parasitism on Ostrinia nubilalis (Hu¨ bner) by tachinid parasitoids in Bt compared with

non-Bt corn. However, Orr and Landis (1997) found no differences in parasitism or

predation of natural eggs or parasitism of sentinel larvae of O. nubilalis by two species

of parasitic Hymenoptera between Bt and non-Bt corn. Likewise, Hilbeck et al. (1998)

generally found no difference in predation of Leptinotarsa decemlineata (Say) eggs on

potatoes that had received applications of beetle active Bt compared with those left

untreated, and Sisterson et al. (2004) reported no differences in rates of predation on

sentinel eggs of P. gossypiella in Bt compared with non-Bt cotton. Finally, Schoenly et

al. (2003) used food-web analyses to show that Bt sprays on rice in the Philippines had

no effect on trophic structure. These studies have been relatively short-term in nature

and for the most part have examined only a few of the potential interactions that may

occur between natural enemies and their prey or hosts in transgenic crops ". 

At the end of his review, he mentioned that " A 5-yr field study was conducted

within the main cotton-producing region of Arizona to assess the long-term impact of Bt

cotton producing the Cry1Ac endotoxin on the potential impact of the natural enemy

community on prey populations using three approaches. Comparative studies of natural

enemy abundance in Bt and non-Bt cotton are the subject of a companion paper

(Naranjo 2005). The objectives here were to (1) compare predator : prey ratios and
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predation indices for three key pests in western cotton, P. gossypiella, Bemisia tabaci

(Gennadius), and Lygus hesperus Knight, between Bt and non-Bt cotton over the entire

growing season in multiple years and to contrast any effects relative to conventional

production practices using an array of selective and broad-spectrum insecticides, and (2)

compare rates of natural enemy induced mortality on two of these key pests between

unsprayed Bt and non-Bt cotton using sentinel prey and field life-table studies over a 3-

yr period " .

1-3- Effects of Transgenic Bt Cotton on the Abundance of Nontarget Arthropod

Natural Enemies5 :-

Naranjo (2005b) mentioned that: A 6-yr field study assessed the long-term impact of Bt

cotton producing the Cry1Ac - endotoxin on 22 taxa of foliar-dwelling arthropod natural

enemies in Arizona. No chronic, long-term effects of Bt cotton were observed over

multiple generations of nontarget taxa. Zero-2 taxa declined significantly in unsprayed

Bt compared with non-Bt cotton each year. In contrast, positive control studies showed

that insecticide applications for caterpillars and other pests in both non-Bt and Bt cotton

had much greater negative effects on 10 taxa. Multivariate principal response curves

supported the findings of univariate analyses for the entire natural enemy community, 

showing no effect of Bt cotton but large and long-lasting negative effects from the use of

insecticides. Multi-year analyses provided greater statistical power and indicated

significant reductions that averaged 19% in five arthropod predator taxa in unsprayed Bt

compared with non-Bt cotton. Most of these reductions were likely associated with

reductions in lepidopteran prey. However, results of a companion study examining

natural enemy function suggest that these minor reductions in Bt cotton have little

ecological meaning. Multi-year analyses showed an average significant reduction of

48% in 13 taxa for plots receiving insecticide applications. On average, a 3-yr study with

four replicates per year was sufficient to discern changes of _20%, with 80% power in

unsprayed cotton. This long-term study indicates that the effects of Bt cotton on a

5 - Naranjo (2005b). 
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representative nontarget community are minor, especially in comparison with the

alternative use of broad-spectrum insecticides. Guidelines for improving nontarget field

studies are discussed. 

Also, he reported that: The adoption of transgenic crops producing insecticidal proteins

of Bacillus thuringiensis Berliner (Bt) continues to expand rapidly worldwide, with an

11% increase in the United States from 2003 to 2004 and much greater growth in certain

countries such as China (James 2004). Transgenic Bt cottons have been available

commercially in the United States since 1996, and it is estimated that _46% of all upland

cotton grown in the United States in 2004 was Bt cotton(USDA 2004). In Arizona, Bt

cotton was grown on 81% of the upland cotton acreage in 2003, most of it (74%) in a

stacked configuration with transgenes conferring glyphosate resistance (Tronstad et al. 

2004). The primary target of Bt cotton in Arizona and southern California is the pink

bollworm, Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae), a seed

feeding caterpillar that is difficult to control with conventional insecticides because of its

cryptic feeding habits (Henneberry and Naranjo 1998). Bt cotton is highly effective

against P. gossypiella (Flint et al. 1996, Flint and Parks 1999, Ellsworth et al. 2002), and

its widespread cultivation has had dramatic impacts on regional populations of this

insect in Arizona (Carrie` re et al. 2001). As with any new technology, both benefits and

risks are associated with the use of transgenic crops in agricultural production systems. 

Among the potential benefits are significant reductions in conventional, broad-spectrum

insecticide use, improved suppression of target pests, improved yields, reductions in

production costs leading to increased profitability, and increased opportunities for

biological control (Cannon 2000, Edge et al. 2001, Shelton et al. 2002, Federici 2003). 

There are also putative risks, including out crossing through pollen drift, horizontal

transfer of transgenes to other organisms, food safety, loss of susceptibility to Bt toxins

in target pests, disruption of ecosystem processes, and direct or indirect effects on

nontarget organisms and biodiversity (Cannon 2000, Wolfenbarger and Phifer 2000, 
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Marvier 2001, Shelton et al. 2002, Conner et al. 2003). Despite the long history of safety

2003, Benedict and Ring 2004), the season-long production of these toxins in crop

plants through genetic transformation has prompted research to address ecological

concerns such as effects on nontarget organisms, particularly arthropods. A growing

number of studies has examined nontarget effects in both the laboratory and field (see

reviews by Schuler et al. 1999, Glare et al. 2001, Pilson and Prendeville 2004, Lovei and

Arpaia 2005, findings from

research on sprayable products that Bt is highly selective. For example, Pilcher et al. 

(1997) found no effects on survival or development of Orius insidiosus (Say),  

Chrysoperla carnea Stephens, and Coleomegilla maculata (DeGeer) feeding on Bt corn

pollen; Riddick and Barbosa (1998a) found no effects on C. maculata feeding on

Leptinotarsa decemlineata (Say) that had fed on Bt potato, and Armer et al. (2000)

showed no deleterious effects of plant feeding by a number of heteropteran predators on

Bt potato foliage. Comparative field studies also generally have failed to show

significant effects of Bt potato (Riddick and Barbosa 1998b, Reed et al. 2001), Bt corn

(Orr and Landis 1997, Lozzia 1999, Wold et al. 2001, Bourguet et al. 2002, Al-Deeb and

Wilde 2003, Musser and Shelton 2003, Candolfi et al. 2004), or Bt cotton (Flint et al. 

1995, Men et al. 2003, Sisterson et al. 2004, Hagerty et al. 2005) on populations of

various nontarget arthropod taxa. Although studies initially reported negative effects of

Bt on the growth and survival of insects such as the monarch butterfly (Danaus

plexippus L.) (Losey et al. 1999, Hansen and Obrycki 2000) and C. carnea (Hilbeck et

al. 1998, 1999), subsequent studies have found that the result were caused by prey

quality factors rather than Bt toxins per se (Romeis et al. 2004) or that Bt crops pose

negligible risks to these insects in the field (Sears et al. 2001). There is a rich diversity

of parasitoid and arthropod predator species that naturally inhabit cotton fields in the

western United States (Van den Bosch and Hagen 1966, Gonzalez et al. 1977), and it is

generally recognized that they play an important role in regulating pest populations (e.g.,
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Leigh et al. 1966, Eveleens et al. 1973, Stoltz and Stern 1978, Naranjo and Ellsworth

2005). Although several field studies have examined the effects of Bt cotton on the

abundance and diversity of natural enemies, they have either examined only a few

arthropod natural enemy taxa (Flint et al. 1995, Luttrell et al. 1995, Deng et al. 2003, 

Hagerty et al. 2005) or have tended to focus analyses on higher taxonomic groupings or

pooled species groups (Men et al. 2003, Sisterson et al. 2004). In addition, several of

these studies were of relatively short duration, both in the number of seasons that were

examined and in the intensity of sampling within seasons. Current evidence suggests

that the Bt endotoxins produced in commercially available transgenic crops are not

acutely toxic and that the effects, if any, are likely to be the result of subtle sublethal and

indirect factors (Schuler et al. 1999, Groot and Dicke 2002, Conner et al. 2003). Such

potential effects are unlikely to be resolved without taxonomically broader and more

intensive long-term field studies.  

At the end of his review Naranjo pointed out that " A 6-yr field study was conducted

within the main cotton-producing region of Arizona to assess the long-term impact of Bt

cotton producing the Cry1Ac endotoxin on populations of 22 taxa of foliar-dwelling

arthropod natural enemies, primarily predators, commonly found in cotton. The overall

objectives of this study were to compare populations of these nontarget natural enemy

taxa and several key target and nontarget pests between Bt and non-Bt cottons over the

entire growing season in multiple years, and to contrast any potential effects relative to

conventional production practices using an array of currently available selective and

broad-spectrum insecticides. Additional goals were to examine the influence of plot size

and sampling method and to analyze the statistical power of underlying experimental

designs as a means of providing some guidance for the conduct of future nontarget

evaluations in transgenic crops".
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1-4- Future role of insect resistant genetically modified cotton6 :-

Naranjo et al. ( 2008 ) mentioned that " Worldwide, about 10.8 and 3.2 million hectares

of Bt cotton and cotton containing both insect resistance and tolerance to herbicides

were grown commercially in 2007, respectively (James, 2007). One commercial Bt

cotton genotype in China also expresses the cowpea trypsin inhibitor in addition to a

fusion Cry1A Bt protein, but it is used only on a small scale.

Naranjo et al. (2008) summarized the cotton production statistics and Bt cotton adoption

in these nine countries as shown in Table 1.

Many issues underpin the complex nature of developing robust and sustainable pest

management strategies for the cotton system. This chapter will expand upon the

opportunities and challenges of integrating Bt cotton into current and developing IPM

systems throughout cotton production regions of the world".

6 - Naranjo, et. al., 2008
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Table (1 ) : Summary production statistics and events for Bt cotton adopting countries, 20067.

Summarized from National Cotton Council (www.cotton.org), James (2006), and the AgBios

Database (www.agbios.com). Countries are ranked in order of their total cotton yield. SGK321

also produced a cowpea trypsin inhibitor (CpTI) ;-

a - This Cry1A toxins represents a fusion of Cry1Ac and Cry1Ab expressed as a single event

b - MON1445 and MON88913 represent events conferring tolerance to the herbicide glyphosate

c - Production in Australia was depressed in 2006 due to continued drought; the adoption rate is

consistent with recent years

d- GM cotton seed supply was disrupted in 2006 due to regulatory issues; adoption in 2005 was

>90%. 

7 - Naranjo, et. al. , 2008
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1-5- Bt Transgenic Cotton8 :-  

Grefenstette, et al. (2009) reported that: Genes from the bacterium Bacillus thuringiensis

(Bt) that produce the Cry1Ab or CrylAc proteins that are toxic specifically to

lepidopterous insect species were inserted into cotton plants by Perlak et al., (1990). 

Several field tests of Bt transgenic cotton indicated a high degree of efficacy against

lepidopterous insect pests (Wilson et al. 1992, Mahaffey et al. 1994, and Benedict et al. 

1996). In particular, Bt cotton provided an exceptionally high level of season-long

control of pink bollworm (Flint et al. 1995, Watson 1995, and Flint and Parks 1999). 

Bollgard® Cotton (Monsanto Technology LLC, St. Louis, Missouri), was the first Bt

transgenic cotton, commercially released in the U.S. and other cotton-growing countries

in 1996. In the first growing season of commercial Bt cotton, U.S. growers planted

approximately 1.6 million acres, which represented 14 percent of the total cotton acreage

(USDA, 1999). In 1997, about 25 percent of U.S. cotton acreage, approximately 3.4

million acres, was planted to Bt cotton (USDA, 1999). In Arizona, where PBW is a key

pest, approximately 60 to 70 percent of the Upland cotton acreage was planted to Bt

cotton in 1997 (Silvertooth, 1998), and 70 percent in 1998 (Patin et al. 1999).

Despite early concerns regarding potential development of PBW resistance to Bt cotton

(Bartlett 1995, Watson 1995, and Patin et al. 1999), evaluations of Bt cotton in 1995

through 2000 indicated that this cotton continues to provide a high degree of season-

long efficacy against PBW, irrespective of the suggested reduction in the amount of

toxic protein in fruit tissues late in the season (Henneberry et al. 2001). Ongoing

evaluations through the 2008 season have confirmed these earlier findings

1-6-  Pest Control with Bt Cotton9 :-   

Tabbashnik (2011) mentioned that: Crops genetically engineered to produce insecticidal

proteins from the bacterium Bacillus thuringiensis (Bt) kill some key pests and reduce

8 - Grefenstette, et. al. (2009) .

9 - Tabbashnik (2011).
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reliance on insecticide sprays. Such Bt crops were commercialized in 1996 and planted

on more than 50 million hectares (ha) worldwide in 2009. The major threat to the

continued success of Bt crops is evolution of resistance by pests. While most target pest

populations remain susceptible, resistance to Bt crops has been reported in some

populations of at least five species of pests2,3. For example, one of the most devastating

pests of cotton globally, the pink bollworm (Pectinophora gossypiella), evolved

resistance to transgenic cotton that produces Bt toxin Cry1Ac in western India.

The pink bollworm is a major pest of cotton in the southwestern U.S. and in many other

countries. Bt cotton producing Cry1Ac kills essentially 100% of susceptible pink

bollworm larvae. However, our initial work indicated a high risk of pink bollworm

resistance to Bt cotton in Arizona. Laboratory selection quickly produced several strains

of pink bollworm resistant to Bt cotton producing Cry1Ac. In Arizona, pink bollworm

larvae feed almost exclusively on cotton and more than half of the sta

been planted to Bt cotton since 1997. Thus, the pink bollworm had the genetic potential

to evolve resistance and was under intense selection for resistance in the field. 

2)  Bt cotton and IPM 10 :-

2-1-General Considerations :

Naranjo, et. al., (2008) showed that: Modern pest control is guided by the principles of

integrated pest management (IPM) that have been articulated by numerous authors for

more than 50 years. 

selection and use of pest control tactics, singly or harmoniously coordinated into a

management strategy, based on cost/benefit analyses that take into account the interests

of and

which have biological activity against select insect pests, qualifies as one of the many

tactics that can be integrated into pest management strategies for cotton fig.( 3) .

Caterpillars, particularly the various species referred to as bollworms, are among the

10 - Naranjo, et al.,(2008)
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most damaging insect pests of cotton in most parts of the world. Within this context, Bt

cottons are virulent and selective forms of host plant resistance that represent both

opportunities and challenges. Aside from the obvious opportunities for improved

caterpillar control, the interactions and synergies from a single tactic such as host plant

resistance may provide benefits beyond its narrow range of direct control on a specific

group of pest species. Thus, although Bt cotton directly controls only lepidopteran pests, 

the associated reduction in insecticide use for these pests may facilitate or enhance the

effectiveness of other tactics such as biological control which in turn may directly

contribute to control of other pests in the system (e.g., Naranjo, 2001; Wu and Guo,

2003). Further, the large scale adoption of Bt cotton in many countries underpins an

area-wide suppression of target pests that greatly reduces overall regional populations

conventional cotton (e.g., Carrière et al., 2003;

and Wilson et al. (2004). At the same time, there are significant challenges with using Bt

cotton, the foremost of which is the potential for the development of resistance to Bt

toxins in populations of the target pests leading to failure of this control tactic. Other

challenges are manifested through the wide diversity of pests affecting cotton

worldwide. For example, Bt cotton may indirectly cause existing primary pests or

secondary pest problems to increase (Wu et al., 2002b; Lei et al., 2003; Williams, 2006).

Still more challenges center on the continuing debate on ecological effects and

environmental safety of Bt cotton and other GM crops (Marvier et al., 2007).

Figure 3. Conceptual model of IPM organized into three layers identifying the major pest control

components and their inter-relationships. 



Bio-Technology and Bt Cotton World Future, Abdallah M. Albeltagy

Naranjo et al. (2008) illustrated their point of view in this concept as shown in the

schematic diagram shown in fig.(3) . 

2-2- Target Pests

As previously noted Naranjo et al. (2008) viewed that: "The Bt Cry toxins produced in

all current commercialized GM cottons have specific activity against various

lepidopteran pests (Table 2). In countries adopting Bt cottons there are roughly 30

species or groups of caterpillar pests of concern. The primary targets of the first

generation of single gene transgenic cottons producing Cry1 or Cry2 were the species of

the bollworm/budworm complex (Heliothis and Helicoverpa spp.), the pink bollworm

(Pectinophora gossypiella), and various spiny and spotted bollworms (Earias spp.).

These cottons also have good activity against various other pests such as leafworms, leaf

perforators, semiloopers and other bollworms. However, single gene cottons have

limited activity against pests such as Spodoptera spp., Trichoplusia ni, Pseudoplusia

includes and cutworms (Benedict and Ring, 2004). The recently introduced pyramided

or dual gene transgenic cottons (e.g., Bollgard II, WideStrike) produce two different Cry

toxins and have a broader spectra of activity within the Lepidoptera, including efficacy

against many of the pests not previously controlled effectively by single gene constructs, 

and improved efficacy of the initial primary targets, most notably H. zea and H. 

armigera (Fitt and Wilson, 2000; Adamczyk et al., 2001; Chitkowski et al., 2003;

Adamczyk and Gore, 2004). Since the 2004/05 season, dual gene Bt cottons are now

grown exclusively in place of single gene constructs in Australia and use of dual gene Bt

cottons in the USA grew from about 14% of all Bt cottons in 2006 to nearly 34% in

2007 (USDA, 2006, 2007). In Australia, Mexico and the USA, single or double Bt gene

events are now frequently stacked with genes conferring tolerance to certain herbicides "
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Table ( 2 ) : Lepidoptera pest species affected by Bt cotton in adopting countries11

a- General efficacy rating for transgenic cottons producing Cry1Ac; 1 = no effect, 4 

= completely effective

11 - Naranjo et al.(2008) . 
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Also, Naranjo et al. (2008) showed the Lepidoptera pest species that affected by Bt 

cotton in adopting countries as shown in table (2).

2-3- Non-Target Pests and Changing Pest Problems :-

Naranjo, et. al. (2008) reported that: A relatively large number of pest species that are

not susceptible to the Bt toxins expressed in transgenic cottons affect cotton production

worldwide (Table 3). In general, most of these species exhibit the same pest status and

continue to be managed identically in Bt and conventional cotton systems. However, the

use of Bt cottons has led to indirect effects on some of these non-target pest species in

some productions systems and this is generally thought to be primarily due to reduced

insecticide use for caterpillars which previously provided collateral control. In Australia,

the reduced use of insecticides for bollworms has allowed some pests to become more

prominent. These include the green mirid (Creontiades dilutus) (Lei et al., 2003), green

vegetable bug (Nezara viridula), leaf hoppers (Austroasca viridigrisea and Amrasca

terraereginae), and thrips (Thrips tabaci, Frankliniella schultzei and F. occidentalis)

(Wilson et al., 2006). Of these the green mirid is most significant and is now sprayed as

many as three times per season (Doyle et al., 2006) with broad spectrum insecticides

(Khan et al., 2006). These products are disruptive to a wide range of natural enemies and

their use has in turn been linked with increased risk of spider mites (Tetranychus

urticae), aphids (Aphis gossypii), and whitefly (Bemisia tabaci B biotype) outbreaks

(Wilson et al., 1998; Farrell et al., 2006). This pattern of increased importance of

sucking pests, particularly mired plant bugs, in association with reduced insecticide use

for caterpillar pests has played out in other countries. In northern China a complex of

mirid plant bugs (Adelphocoris suturalis, A. lineolatus, A. fasciaticollis, Lygus lucorum,

and L. pratensis) have become key insect pests in Bt cotton fields in recent years (Wu et

al., 2002b). Leafhoppers (Empoasca biguttula), cotton aphids (Aphis gossypii) and

spider mites (Tetranychus cinnabarinus) have been observed to occur at higher levels in

Bt cotton in Henan Province (Deng et al., 2003; Men et al., 2005). Likewise, mirid plant
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bugs (Lygus spp., Neurocolpus nubilus) and stinkbugs (e.g., Nezara viridula) have

increased in pest status since the adoption of Bt cottons in the USA, particularly in the

mid-southern and southeastern production areas (Williams, 2006). Plant bugs also have

become more problematic in South Africa (Gouse et al., 2004). Finally, the reduction in

insecticide sprays, especially during both the flowering and boll formation phases, in

India has been associated with resurgence of some minor pests such as tobacco

caterpillar (Spodoptera litura), mealy bugs (Pseudococcus corymbatus, Pulvinaria

maxima, and Saissetia nigra), thrips (Thrips tabaci) and leafhoppers (Amrasca biguttula

biguttula) (Sharma et al., 2005). Many of these emergent pests are easily controlled with

insecticides and other pest management tactics. In contrast, lepidopteran pests, 

particularly those feeding within fruiting structures, are among the most difficult to

control and Bt cotton is a key tactic for their suppression. 

Naranjo, et. al.,  (2008 ) pointed out that : The reduction of insecticide use in Bt cotton is

the likely factor explaining resurgence in some non-target pests, but other factors may be 

involved as well. Reduced competition from target species may enable non-target pest

populations to thrive. Negative effects of Bt cotton on natural enemy populations might

also lead to enhanced non-target pest problems. However, the bulk of evidence to date

suggest that Bt crops are highly selective and that negative effects, if any, are relatively

minor in magnitude (Naranjo et al., 2005; Romeis et al., 2006; Marvier et al., 2007). 

Thus, it is more likely that problematic non-target pests are not under good biological

control even in conventional systems. 

. 
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Table (3 )12 : Major pest species not susceptible to Bt cotton in adopting countries

12 - Naranjo et.al. (2008). 
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Chapter (3)

Impact of Bt crops on non-target invertebrates and insecticide use patterns

In this chapter we are going to discuss the impact of Bt crops on non-target

invertebrates and insecticide use patterns as mentioned by Naranjo (2009)

1- Impact of Bt crops on non-target invertebrates and insecticide use patterns13 :-

Naranjo (2009 ) mentioned  that  : The insecticidal properties of Bacillus thuringiensis

(Bt) have been known for over a century and commercial products based on this

organism have been available for 70 years, occupying >90% of the bio-pesticide

market [2]. Bt, a Gram-positive bacterium capable of producing crystal proteins with

insecticidal activity during sporulation, is ubiquitous in the environment, and the genes

coding for these insecticidal proteins are now becoming ubiquitous in major crop plants

throughout the world via recombinant DNA technology. Bt potatoes were first

commercially produced in the USA in 1995, but issues with consumer acceptance led

to their retraction from the market after 5 years [3]. In contrast, Bt cotton was first

commercially produced in 1996 in Australia, Mexico and the USA and its adoption and

use has spread to six additional countries. Bt cotton is currently grown on _14 million

hectares worldwide, which represents _40% of all cotton production globally (Table

4)[4]. Similarly, Bt maize, first commercially produced in the USA (1996) and Canada

(1997) is now grown on a total of _28 million hectares in 15 countries representing

_19% of global maize production (Table 4).

13 - Naranjo 2009
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Table ( 4 )14 :  Summary production statistics for Bt maize and Bt cotton adopting

countries, 2007. 

Naranjo (2009 ) reported  that  : Overall, genetically engineered (GE) crops with either

insect resistance, herbicide tolerance, or both traits, were grown on _114.3 million

hectares worldwide in 2007[4] . GE soybean with herbicide tolerance was the leading

crop, comprising about 51% of the global GE crop area. There are a number of Bt

vegetable crops under development and evaluation including broccoli, cabbage,

cauliflower and egg plant [5]. Bt potatoes are likely to be re-introduced, probably in

Asia, Africa and Eastern Europe, in the future, and Bt rice is being evaluated in several

countries [6]. Malone et al.[7] review potential transgenic enhancements to crops based

on non-Bt approaches. At present, the only Bt crops being commercially produced are

14 - Naranjo (2009).  
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maize and cotton. Foliar-applied Bt products have been extensively evaluated for

safety[8,9], but the process of genetic engineering along with the continual, season-long

expression of Bt proteins in transgenic plants and other biological and sociological

issues have raised additional concerns about their environmental safety and benefits that

continue to be addressed by researchers. An extensive base of literature has amassed and

addressed various aspects of environment risk including evolution of resistance in

targeted pests, genetic drift, effects on soil structure and decomposition, effects on non-

target organisms and shifts in pest management strategies mainly insecticide usage

patterns. A wealth of review, synthesis and interpretive articles, and books, too extensive

to cite explicitly, have been written on these environmental issues. This review will

attempt to synthesize and generalize the literature bearing on invertebrate non-target

effects of transgenic Bt crops through meta-analyses of extant studies, and provide an

overview of changes in patterns of insecticide use as a result of Bt crop production

worldwide. This approach will hopefully provide a somewhat unique perspective that

does not directly duplicate the many excellent review articles, syntheses and books

already available[10- 27]. For coverage of the other environmental risk issues associated

with GE crops, the reader is directed to several recent reviews on pest resistance and

management, gene flow and soil ecosystem effects [30]. 

2- Bt Crops Within the Context of (IPM) 15 :-

Naranjo (2009) showed  that: The current suite of commercially available Bt crops

has been engineered for resistance to several of the most significant and most difficult

pests to control. The target pests for lepidopteran-active Bt maize are primarily the

European corn borer, Ostrinia nubilalis and several other stem-boring pests such as

Diatraea spp. and Sesemia nonagroides; for coleopteran-active Bt maize, the target is

corn rootworm, Diabrotica spp.[31] . In the cotton system, the primary targets are the

bollworm / budworm complex (Helicoverpa and Heliothis spp.), the pink bollworm, 

15 - Naranjo (2009). 
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Pectinophora gossypiella and other bollworms (Earias spp.)[32]. The primary target of

Bt potato when it was cultivated in the USA was the Colorado potato beetle,

Leptinotarsa decemlineata. Both maize, and especially cotton, production are impacted

by a wide range of additional pests not affected by Bt proteins, many of which can be

yield limiting if left uncontrolled. Thus, while Bt crops represent an important tactic for

managing critical key pests, they must be integrated into a more comprehensive IPM

programme in order to attain successful management of the entire pest complex. 

Examples of how this is being achieved have been recently detailed for maize, cotton

and other Bt crops that may become available in the future.

He also mentioned that: The prevailing perspective is that Bt crops represent host plant

resistance33] and as such provide a foundation for suppressing key pests with little

additional management input. Nonetheless, a fundamental component of modern IPM is

the use of sampling and economic thresholds to determine the need for control actions. 

Clearly, the decision to employ Bt crops for pest control is made at planting time before

the assessment of pest populations is possible. In general, the decision to use Bt crops is

associated with production areas where key caterpillar or beetle pests are a perennial

threat. Cotton producers in the San Joaquin Valley of California, USA, for example, do

not have issues with caterpillar pest and thus do not use Bt cotton in that region. Beyond

recognition of historical pest distribution patterns, the deployment of Bt cotton by

growers is based on their experience, their aversion to risk, and the anticipated benefits

and costs of the technology. For caterpillar-resistant Bt maize, researchers have

developed an evaluation system (http:// www.Btet.psu.edu), which potentially allows

growers to make more informed decisions about use of the technology based on pest

distribution, climate, and various agronomic and economic considerations. Hellmich et

al. suggest that the criticism that Bt crops do not conform to the basic prescriptive use

principles of IPM sets a double standard because use of resistant host plants derived

from conventional methods is viewed as a fundamental tactic in IPM. Further, tactics
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such as biological control, another fundamental element of IPM, have been facilitated by

Bt crops through broad-scale reductions in insecticide use (discussed in a later section). 

Ultimately, the decision to employ Bt crops rests with the grower.

However, the growing number of traits (insect resistance and herbicide tolerance) being

engineered into cotton and maize by the evolving crop biotechnology industry are

making it increasingly difficult for growers to choose the best cultivars for their

circumstances without also deploying unnecessary traits. This has consequences for

managing both pests and insecticide resistance. Non-target Effects of Bt Crops The

potential impact of Bt crops, or GE crops in general, on non-target organisms and

biodiversity was a concern well before the commercial production of these crops and

continues to be a well-researched topic today. As of late 2008, over 360 original

research articles have addressed non-target effects in a number of Bt crops: mainly

maize, cotton and potato. This does not include the many field and laboratory studies

conducted by industry as part of the registration process with regulatory agencies such

as the US Environmental Protection Agency. Several studies were published before

commercialization of Bt crops and there was a steep upward trend in research effort

during the late 1990s through to 2006. The pace of research appears to have lessened a

bit the last couple of years, but still remains significant. In addition, as noted above, a

number of review and synthesis articles have attempted to collate and summarize these

studies.  

3- Risk Assessment Considerations16 :-

About the risk assessment of Bt crops, Naranjo (2009) mentioned that: There

continues to be debate about the most appropriate approaches to assessing risk to non-

target organisms in transgenic crops [34-37]. Andow and Hilbeck [35] outlined and

discussed three general approaches to nontarget risk assessment: (1) the ecotoxicology

model, which is most often associated with the tiered approach used by regulatory

16 - Naranjo (2009). 
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bodies and focuses on acute toxicity;(2) the non-indigenous species model, which

focuses on species that may be at risk from the introduction of a non-indigenous species, 

in this case the transgenic plant; and (3) the ecological model, which employs a tiered

approach, but focuses on representative species belonging to functional groups that have

both ecological and anthropocentric relevance, and attempts to measure longerterm

fitness parameters based on potential routes of exposure to toxins. Many regulatory

bodies employ tierbased methodology to assess risk and there is general consensus in the

scientific community that such an approach is most suitable and appropriate.

Nonetheless, there remain differences of opinion on how best to employ risk assessment

systems based on differing objectives and philosophies [36]. Most recently, Romeis et

al. offered an international initiative for risk assessment that capitalizes on some of the

positive elements of both ecotoxicological and ecological approaches in an attempt to

provide a general framework that adequately characterizes risk, but does not unduly

hamper the introduction of important pest management technologies. In their approach, 

a problem formulation process is used to assess current knowledge and identify areas of

concern or uncertainly, which then establishes risk hypotheses that are tested in a tiered

approach. Further escalation through more complex and realistic tiers is only justified if

the null hypothesis of no risk is rejected or other uncertainties exist. Focus is placed on

important functional groups of non-target organisms, but based on practicality, the

authors recognize the need for representative surrogate species in the testing process. 

Regardless of the process it is ultimately up to decision-making bodies to determine the

balance of risks and benefits to society as a whole.  
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Chapter (4)

Bt Cotton In Arizona, USA

In this chapter, we could be able to have some knowledge about Bt cotton

application s in Arizona ( AZ), USA. 

Bt Cotton Advances IPM in Arizona17 :-

Naranjo and Ellsworth (2010) reported that: Transgenic cottons producing the

insecticidal proteins of B. thuringiensis (Bt) were first commercially planted in

Australia, Mexico, and the U.S. in 1996. Adoption was rapid, and by 2009, Bt cotton

was grown in 11 countries. The three largest cotton producers in the world, China, India,

and the U.S., have very high adoption rates (63-87% in 2009) contributing to about 50%

of the global cotton area planted to Bt cultivars (James 2009). Adoption in Arizona was

initially constrained in 1996 by seed supply, but rates expanded quickly to 64% in 1997

and 86% by 2006 (Table 5). Adoption rates nearing 100% from 2007 onward have been

driven by an exemption by U.S. Environmental Protection Agency for the normal refuge

planting requirements of non-Bt cotton to augment the eradication program (Antilla and

Liesner 2008). The effects of Bt cotton production on target pest populations and

damage potential have been dramatic. Carrière et al. (2003) measured the impact of Bt

cotton cultivation on regional suppression of pink bollworm. Similar large-scale

suppression has been observed for target pests of other Bt crops (Adamczyk and

Hubbard 2006, Hutchison et al. 2007). For example, high rates of Bt cotton adoption in

northern China led to wide-scale suppression of Helicoverpa armigera (Hübner) (Wu et

al. 2008) with the beneficial side-effect of reducing abundance of this polyphagous pest

in other crops such as maize, Zea mays L.; peanuts, Arachis hypogaea L.; soybeans, 

Glycine max L.; and various vegetables. On the contrary, Lu et al. (2010) suggested that

large-scale reductions of insecticides on Bt cotton in China may now be associated with

increasing abundance of various plant bugs. Bt cottons producing Cry1Ac or Cry1Ac

17 - Naranjo and Ellsworth (2010)
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plus Cry2Ab2 proteins are efficacious against pink bollworm, providing almost 100%

control (Ellsworth et al. 2002). Therefore, losses to pink bollworm and associated

insecticide use in Arizona are restricted to non-Bt cotton. With adoption rates nearing

100% since 2007 and eradication almost complete, overall damage to cotton by this pest

has been eliminated. Decline in insecticide use for pink bollworm has paralleled the

trend for crop damage. On average statewide for the whole cotton crop, almost seven

applications per hectare were made for pink bollworm in 1990, an outbreak year, but

reductions in number of sprays decreased to less than one in 1997 and has been

essentially, if not, zero since 2007. Moreover, insecticide use in Bt cotton has averaged

about 0.5 (range 0-1.4) sprays per hectare less than non-Bt cotton since 1999 even after

accounting for the elimination of pink bollworm sprays, thus indicating the synergistic

effect of the technology on total pest control (not shown). Bt cotton is highly selective

and numerous studies in Arizona and other parts of the world have demonstrated

negligible effects on non-target arthropods, including natural enemies (Naranjo 2005a,b;

Cattaneo et al. 2006; Sisterson et al. 2007; Wolfenbarger et al. 2008). Enabled by this

selectivity and supported by a truly integrated program, the benefits of Bt cotton have

cascaded to controlling other pests in the Arizona cotton system. In 1996, a bellwether

year in the state, not only was Bt cotton introduced, but a robust IPM program was

brought online that allowed growers to make rational decisions about the need for

controlling sweetpotato whitefly, Bemisia tabaci (Gennadius) (Ellsworth and Martinez-

Carrillo 2001, Naranjo and Ellsworth 2009a). The central component of this IPM system

was the preservation of natural enemies through the use of highly selective insecticides

and a simple decision protocol. Natural enemies, particularly insect predators, inflict

high levels of mortality on whitefly populations if left undisrupted by broad-spectrum

insecticide (Naranjo and Ellsworth 2009b). The key contribution of Bt cotton was the

elimination of such broad-spectrum sprays for pink bollworm, particularly the common

early-season sprays intended to extend suicidal emergence (Ellsworth and Meade 1994). 

That success was followed by the adoption of selective insecticides to control western
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tarnished plant bug, Lygus hesperus Knight (Ellsworth and Barkley 2005). Altogether,

insecticide use in Arizona cotton has been driven to historical lows during the last 4

years (Table 5), enabled, in part, by the large-scale use of Bt cotton. These

transformational changes in cotton production have been witnessed globally. Brookes

and Barfoot (2010) estimated that Bt cotton production worldwide has reduced

insecticide active ingredient by more than 140 million kg between 1996 and 2008. 

They also mentioned that : Still, even with the success of Bt cotton and the overall

cotton IPM program in Arizona, challenges remain. As the pink bollworm eradication

program winds down in the next few years and enters the post-eradication era, constant

vigilance will be needed against re-invasion. The history of this pest in the U.S. and

elsewhere has taught us that the pink bollworm is resilient and we cannot become

complacent. Continued susceptibility of pink bollworm to Cry proteins is crucial

(Tabashnik et al. 2005) because Bt cotton will likely remain a key component in the

near-term, post-eradication era where it could function as a hedge to decades of future

investment in sterile insect release as the exclusive exclusion technology.  

At the same time, growers will want to shed the technology fee associated with Bt cotton

in due course even as the development of new elite germplasm is increasingly centered

strictly on Bt varieties. Ultimately, Arizona growers will be faced with an economic

decision of deploying a less-than-useful gene in the newest and best varieties, or older

and perhaps less productive non-Bt lines. Further, two of the three keys pests of Arizona

cotton (sweetpotato whitefly and pink bollworm) are exotic, invasive species and the

threat of invasion of new insect pests or new diseases (e.g., whitefly-transmitted cotton

leaf curl virus) is constant. Finally, the changing face of agriculture, particularly in the

western U.S., has direct and indirect effects on cotton production and IPM. Cotton

production has been declining in the west during the past decades and new crops as well

as changing distribution of existing crops has the potential to alter the agroecology in

ways we cannot always predict. 
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Table ( 5 )18 : Bt Cotton Adoption Rates, Yield Losses Caused by Pink Bollworm (PBW), and

Insecticide Applications for PBW and All Arthropod Pests, 1990-2009 in Arizonaa.

1. Compiled from Ellsworth et al. 2007 (rev. 2010) for upland . 

2. Separate records for non-Bt and Bt cotton were not collected until 1999. 

3. Estimates for non-Bt and Bt cotton acreage combined. 

(Estimates derived from USDA-AMS survey of market share by variety). 

4. Estimate derived from Monsanto sales records.

18 - Naranjo and Ellsworth (2010).
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Chapter (5)

Bt cotton in IPM programs

In this chapter, it'll be discussed the effectiveness of Bt transgenic cotton on IPM

programs. 

1) Impacts of Bt Transgenic Cotton on IPM19 :-

Naranjo (2011) reported that: The cultivation of crops that have been genetically

engineered (GE) to tolerate certain herbicides and resist specific insect pests has become

dominant in several countries worldwide. Between 1996 and 2009 GE crops were grown

on nearly 1 billion hectares of farmland globally [1]. Adoption continues to grow at a

rapid pace with an average of about 10 million additional hectares of production added

annually since 1996. In2009, GE crops were grown on 134 million hectares of farmland

in 25 countries. Total GE crop production continues to be dominated (63% in 2009) by

the cultivation of plants tolerant to the herbicides glyphosate or glufosinate. Insect-

resistant crops producing the toxins of Bacillus thuringiensis (Bt) comprise most of the

remaining market share (57% of these as stacked varieties with both insect resistance

and herbicide tolerance) with <1% of crops engineered for resistance to several viral

diseases. production and is

commercially cultivated in 78 countries from temperate, subtropical, and tropical

regions of the world [2].

Surveys have cataloged >1300 species of herbivorous insects inhabiting cotton[3], but

even though only a tiny fraction of these are considered pests of economic significance,

cotton has historically been one of the largest users of insecticides worldwide[4]. There

have been many improvements in the management of insect pests in cotton that have

contributed to a reduction of insecticide use in this crop in the past two decades [5,6]

with perhaps the most notable being advances in biotechnology that have allowed

engineering of plants to provide highly effective and selective control of caterpillar

19 - Naranjo (2011).. 
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(Order Lepidoptera) pests, the most significant pest group of cotton globally. Given the

importance of this pest group, it is no surprise that Bt cotton technology has been rapidly

adopted. Australia, Mexico, and the United States first allowed commercial production

of Bt cotton in 1996 and Argentina, China, and South Africa joined these early adopters

in the next two years (Table 6). Commercial production of Bt cotton in India, the largest

producer of cotton by land area was first legally allowed in 2002, and adoption rates

there have risen dramatically, with 87% of production in Bt varieties by 2009. Burkina

Faso was the latest large-scale cotton-producing nation, and the second nation on the

African continent, to allow Bt cotton cultivation, joining the list of adopters in 2008. 

Costa Rica permitted production in 2009, but all of its small output is for seed export. A

total of 11 countries now grow Bt cotton, including four of the top five cotton-producing

nations in the world, three of which have adoption rates over 60% (Table 6). As a result,

it is estimated that Bt cotton comprised about half of all the cotton grown worldwide in

2009. This paper compliments several recent treatises on the subject [7-9] by

highlighting specific elements of the impact of Bt cotton on integrated pest management

(IPM). I will focus on the role of Bt cotton in regional target pest suppression, its impact

on pest damage and insecticide use, interactions with non-target pests in the system, and

the role and impact of Bt cotton on the ecological services provided by biological

control. This paper will not cover resistance management, a key component in Bt crop

sustainability.  

2) TARGETS OF  BT COTTON20 :-

As noted Naranjo (2011) mentioned that: Bt cotton has specific activity against

lepidopteran insects, a characteristic that is governed by the specific receptors and

gut allowing activation of the Bt crystal (Cry)

proteins[10]. Roughly 30 species of lepidopteran pests are important in Bt adopting

countries, and the vast majority are highly susceptible to Bt cotton even though the

20 - Naranjo 2011
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primary targets of the technology are various bollworms and budworms such as

Helicoverpa and Heliothis spp., Pectinophora gossypiella, and Earias spp. As recent as a

few years ago, most Bt cotton produced only a single Cry protein (e.g., Cry1Ac in

Bollgard), but many countries are now using Bt cotton in which two different Cry

proteins are produced in the plant (e.g., Bollgard II and Widestrike). These provide for a

broader spectrum of activity against the Lepidoptera, enhanced control of caterpillars

that were already susceptible to single toxin transgenic plants, and better opportunities

for managing insect resistance to Cry proteins. Growers in Australia have been

exclusively using two-toxin Bt cotton since 2004. In the United States, 

registration of Bt cotton that produces only one Cry toxin (Bollgard) expired in 2009. 

Bollgard has been replaced primarily by Bt cotton that produces two toxins (Bollgard II

and Widestrike). Thus, Bt cotton varieties with two Cry proteins is becoming common, 

and most Bt cotton is also genetically engineered to be herbicide tolerant. 

3- AN IPM PERSPECTIVE :-  

He also showed that: For over five decades IPM has been the paradigm for pest control

in agricultural systems globally. IPM has been defined by Kogan [11]  

support system for the selection and use of pest control tactics, singly or harmoniously

coordinated into a management strategy, based on cost/benefit analyses that take into

account the interests of and impacts on producers, society, and the

Within this tactically based context, Bt crops in general can be characterized in one of

two ways; they can be considered as vehicles for the novel delivery of a selective

insecticide or as simply another example of host plant resistance

growth and development (antibiosis). The former characterization is perhaps a

consequence of the way in which regulatory agencies view transgenic plants. For

example, the U.S. Environmental Protection Agency (EPA) considers a Bt protein to be

they regulate transgenic plants with

pesticidal properties much as they do any synthetic or organic pesticide. This

characterization has raised debate on the question of whether or not Bt crops are
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compatible with one of the primary tenets of IPM, the delivery of control methods on an

as-needed or prescriptive basis, two upper layers of the pyramid). Bt proteins are

produced in Bt cotton and other Bt crops continually and not just when economic

infestations of pests might be feeding, leading to the perception of Bt crops as

prophylactic control. The concept of IPM is of course much broader and includes both

prescriptive and preventive components; these latter components are depicted as the

base of the pyramid  and are composed of tactics that may lead to the avoidance of pest

problems. Host plant resistance is one such preventive tactic and has long been

recognized as a key component of IPM [12]. Thus, if Bt crops are correctly classified as

a form of host plant resistance, then they are entirely compatible with IPM. In general, 

the development of conventional host plant resistance to key insect pests through

breeding and selection efforts has been limited. For example, cotton germplasm with

variable levels of insect resistance (including that against pests that are the targets of Bt

cotton) have been developed, but relatively few of these traits have been incorporated

into commercially viable cultivars[13]. Bt crops have simply accelerated the process of

developing high levels of host plant resistance through recombinations of specific

genetic material followed by crossing into multiple elite lines. Regardless of how one

characterizes Bt crops, they represent only one tactic that must be comprehensively

integrated to allow effective and sustainable management of all pests in the system [14

17].

This is particularly true of cotton, which, as noted above, suffers from the depredation of

many pests. The key lepidopteran pests of cotton are typically perennial threats, and thus

the deployment of Bt cotton in a preventative manner is warranted.6 However, beyond

an understanding of Bt

cotton should also be based on experience, personal levels of risk aversion, and a

weighing of the costs and benefits of the technology. These factors cannot always be

evaluated scientifically, and ultimately the decision to use Bt crops or any other form of

host plant resistance is up to the producer.
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4)REGIONAL TARGET PEST SUPPRESSION :-

It was showed by Naranjo (2011) that: It has long been recognized that control actions

applied synchronously to subpopulations within a region may result in large reductions

in total pest populations [18]. The general concept of area-wide management has been

developed and applied to insect pests in many systems [19]. The wide-scale adoption

and use of Bt cotton represents a very successful implementation of such a synchronous

control approach. Thus, it is no surprise that regional populations of target pests have

been negatively affected in areas where rates of Bt cotton adoption have been high, 

benefitting both adopters and non adopters of the technology. Carriere et al.[20], using

historical data from 1992 to 2001 encompassing 15 cotton-producing regions in Arizona,

showed declining populations of the pink bollworm, P. gossypiella, which feeds almost

exclusively on cotton, as a function of an increasing proportion of Bt cotton starting

three years after the initial introduction of the technology in 1996. These changes were

corrected for natural variations in weather that can affect P. gossypiella overwinter

survival. The authors further concluded that these regional declines in target pest

populations were associated with a threshold value in Bt adoption of 65%. The nearly

100% efficacy of Bt cotton against this cotton specialist [21] along with the potential of

this technology to cause regional declines in pest populations was largely responsible for

the inception of a phased, cooperative eradication program among growers and state and

federal agencies that was initiated in 2001. The program goal is the elimination of this

exotic pest from the continental United States and northern Mexico by 2011 [22]. In

addition to Bt cotton, the eradication program uses several methods that were developed

for management of P. gossypiella [23], including pheromone-based mating disruption,

mass release of sterile insects, various cultural control tactics, and insecticides. In 2006, 

the EPA granted Arizona an exemption from the mandatory refuge requirement, thus

allowing producers to plant 100% Bt cotton. This unprecedented decision was based on

the assumption that sterile insect releases would substitute for non-Bt refuges. To date,
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the program has nearly eliminated P. gossypiella from the Unites States and greatly

reduced populations in the northern bordering states of Mexico [24, 25]. This result

would probably have been impossible without the use of Bt cotton. There is little doubt

that the rapid success in Arizona was driven largely by the nearly 100% planting of Bt

cotton since 2006. 

He also mentioned that: Similar large-scale patterns of target pest suppression have been

seen for several other major target pests of Bt cotton. On the basis of 20 years of

pheromone trap captures for the polyphagous H. zea and H. virescens, Adamczyk and

Hubbard [26 ] examined regional trends in pest densities from a county in the

Mississippi delta. From 1986 to 1996 moth captures averaged about 15 moths per trap

per day for H. zea and about 20 for H. virescens, with neither species showing a

consistent decreasing trend over that period. However, between 1997 and 2005

populations of both moth species have been declining, but at different rates. H. virescens

has declined approximately 23-fold, whereas H. zea has declined only about 6-fold

during this same period. As cotton is the primary host of H. virescens during the summer

months, Bt cotton cultivation is the likely cause of declining abundance in this species. 

This association is less clear for the more polyphagous H. zea. The authors note that

several other factors including greater use of preplant herbicides eliminating weed hosts

and changes in soybean phenology and thus their attractiveness to H. zea relative to

cotton may have contributed to these changes in abundance. In addition, H. zea is less

susceptible to the Cry proteins in single-toxin Bt cotton, and better monitoring of their

populations in cotton has resulted in increased management of this species with foliar

insecticides. A final example comes from the H. armigera/cotton system in northern

China. This polyphagous cousin of H. zea is a major pest of cotton, corn, peanuts,

soybeans, and various vegetables in this region of China. Wu et al.[27] used extensive

historical data to show a linear decline in populations of H. armigera on cotton in six

provinces in northern China associated with increasing years since the adoption of Bt

cotton in 1997. In addition, this pattern of decline in Bt and non-Bt cotton has been
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mirrored in many of the other crops affected by H. armigera in this region and is likely

to lead to reduced insecticide use on a large scale in multiple crops. The authors suggest

that Bt cotton is acting as a dead-end trap crop [28] for this pest. 

Overall, these examples from China and the United States clearly demonstrate the

pest control technology deployed on an area-wide

basis. 

5) NON-TARGET PESTS :-

As emphasized above, Naranjo (2011) reported that: the use of host plant resistance in

the form of Bt cotton still represents only a single tactic in an overall IPM program. This

has been reinforced in some part of the world where other pests not affected by Bt toxins

have become more problematic. Many of these nontarget pests in cotton are important in

both Bt and non-Bt cotton and continue to be managed effectively in both types of crops

by the judicious use of insecticides and other tactics. Others have risen in importance

relative to other pests in the system but are no more problematic than in the past. For

example, the plant bug, Lygus hesperus, which is a sucking insect pest and not

susceptible to Bt proteins, is now considered to be the number one pest of cotton in

Arizona on the basis of the proportion of total insecticide sprays targeting this pest[29,30

].

However, insecticide use has plummeted to historic lows in Arizona cotton, and

insecticide use for L. hesperus has declined as well. On the contrary, large reductions in

insecticide use for target lepidopteran pests in Bt cotton have acted to release certain

pests that are not susceptible to Bt proteins and were once controlled with insecticides

applied for these lepidopteran pests. For example, in Australia, the green mirid, 

Creontiades dilutus, green vegetable bug (Nezara viridula), leafhoppers  (Austroasca

viridigrisea and Amrasca terraereginae), and thrips (Thrips tabaci, Frankliniella

schultzei, and Frankliniella occidentalis) have increased in importance [31, 32 ]. Sprays

for the former species have in turn been linked with increased risk of spider mite,

Tetranychus urticae, aphid, Aphis gossypii, and whitefly, Bemisia tabaci, outbreaks due
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to the disruption of natural enemies [33, 34]. In India, reduction in insecticide sprays has

precipitated the resurgence of some minor pests such as mealybugs (Pseudococcus

corymbatus, Pulvinaria maxima, and Saissetianigra), thrips (T. tabaci), and leafhoppers

(A. biguttula biguttula) [35]. Mirid plant bugs (Lygus spp., Neurocolpus nubilus) and

stinkbugs (e.g., N. viridula) have risen in pest status since the adoption of Bt cotton in

the midsouthern and southeastern cotton-producing regions of the United States [36].

Many of these emergent pests are easily controlled with insecticides and other pest

management tactics. Despite their increased importance, growers have adapted, 

particularly in Australia and the United States, such that overall use of insecticides for

cotton pest management has continued to decline over the past decade. A slightly

different pattern has emerged in northern China [37], where populations of a complex of

mirid plant bugs (Adelphocoris suturalis, Adelphocoris lineolatus, Adelphocoris

fasciaticollis, Lygus  lucorum, and Lygus pratensis) have risen dramatically in

association with reduced insecticide use in Bt cotton. Lu et al.2010[37] show a strong

positive correlation between both plant bug densities and the number of insecticide

sprays targeting plant bugs in cotton with an increasing proportion of Bt cotton adoption

on the basis of surveys at multiple sites in six provinces in northern China. In contrast to

the findings of this same group that showed significant regional reductions of H. 

armigera, plant bug populations have apparently grown regionally and are now affecting

a number of different crops outside cotton, including apples, grapes, peaches, pears, and

dates. Although other agronomic and environmental factors may be involved in

influencing these patterns, the lack of developed management systems for plant bugs in

China has exacerbated the problem. It is likely that once such management systems are

put in place, the problem in China will diminish as it has in Australia and the United

States. In the end, total insecticide use in cotton has declined in this region of China

despite increasing usage for plant bugs since the early 2000s [37]. In general, it would

appear that many of these more problematic pests were not under good biological

control prior to the introduction of Bt cotton and thus were unaffected by reductions in
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insecticide use that may have benefited natural enemy populations. With overall

reductions in insecticides, more emphasis should be placed on improving biological

control of these pests through augmentation, introduction, or conservation. There has

been no evidence that Bt cotton itself is having any direct effect on population changes

in these emergent pests [37 41]. Instead, the phenomenon ironically seems to be

closely tied to reduced insecticide use, an indirect effect of the technology. 

6) PEST DAMAGE AND INSECTICIDE USE :-

Naranjo (2011) pointed out that: Historically, cotton has been one of the largest users of

insecticides in the world [4,42], a trend largely driven by the presence of numerous

arthropod pest species, including lepidopteran pests, which are the most important

worldwide.  In the past 15 years or so this insecticide use pattern has undergone

significant change. This can be attributed to several factors such as the availability of

newer and more effective insecticides, eradication efforts targeting insects such as the

boll weevil, historically one of the most significant pest of cotton in the United States

and elsewhere, better overall IPM practices, and the adoption and deployment of Bt

cotton [6,42]. Using comparative

farm-level data in adopting countries, Brookes and Barfoot  continue to compile the

most comprehensive estimates available on the impact of GE crops on pesticide use, 

crop production, economics, and various environmental variables. They estimate that

GE crops of all types have reduced the volume of pesticide active ingredient use by 352

million kilograms globally between 1996 and 2008. Reductions in insecticide use in Bt

cotton alone account for nearly 40% of this change, a 141 million kilogram total

decrease and a 22% change for this crop over the 13 year period. Reductions in the

overall environmental toxicity of the insecticides used can be measured by changes in

the environmental impact quotient (EIQ) [44].  Brookes and Barfoot [46] estimate that

the EIQfor Bt cotton has been reduced by 24.8% over this 13 year period. These benefits

continue to accrue to developing nations disproportionately, with a 13.8:1 ratio of

reductions in insecticide EIQ in developing nations relative to developed nations [43].
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This is in large part driven by heavy rates of Bt cotton adoption by millions of farmers in

India and China. A side benefit of reduced insecticide application in Bt cotton has been

an estimated cumulative savings of 125 million liters of tractor fuel and an associated

reduction of 344 million kilograms of CO2 emissions [43]. The remainder of this section

will focus on pest damage and insecticide usage patterns in U.S. cotton as a case study

relative to Bt target and nontarget pests. Total damage by all pests in U.S. cotton

averaged 7.4% from 1986 to 1995 and declined to an average of about 5.4% from 1996

to 2009, a 27% reduction [45]. Damage inflicted by the three main targets of  Bt cotton

in the United States, H. zea, H. virescens, and P. gossypiella, averaged 2.2% prior to Bt

cotton and dropped 33% to an average of 1.5% from 1996 onward. During these same

pre- and post-Bt cotton periods, damage due to plant bugs collectively declined about

22% from an average of 1.2 to 1%, whereas low levels of stink bug damage increased

about 4-fold to 0.5%. Damage statistics are of course influenced by the amounts of

insecticides that are applied to control pest populations, and the inclusion of insecticide

use statistics provides a more complete picture of pest impacts. The average number of

total sprays per hectare averaged 5.5 in the pre-Bt cotton era but dropped 44% to an

average of just over 3 per hectare following the introduction of Bt cotton. A large

portion of this reduction was realized in the control of the three major lepidopteran

pests, with a 61% reduction in sprays for these pests between the pre- and post- Bt

cotton period. Eradication of the boll weevil from many cotton-producing states also

contributed to reductions in overall usage. On the contrary, sprays for plant bugs nearly

doubled, albeit the average application rate was only 0.6 spray per hectare from 1996 to

2009. Likewise, sprays for stinkbugs increased from 0 prior to Bt cotton to an average of

a little over 0.2 from 1996 onward. These patterns of yield loss and insecticide use in the

United States demonstrate how Bt cotton has contributed to greatly reducing the impact

of the key lepidopteran pests while also slightly exacerbating problems with plant bugs

and stink bugs due to reductions in overall insecticide use in the system. Regardless of

these nontarget pest issues, total insecticide use in cotton has been nearly cut in half as a
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result of Bt cotton and other advances in pest management since 1996.Overall, the use of

Bt cotton and associated advances in IPM over the past two decades has led to dramatic

global reductions in insecticide use in a crop once characterized as one of the largest

users of insecticides in the world. 

a Compiled from James [1] and National Cotton Council [2].

In table (6) Naranjo (2011) summarized the production of Bt cotton in adopting

countries. 

Table (6)21 : Summary Production Statistics for Bt cotton Adopting Countries, 2009a.

Country

yield

(M kg)

total   ha

(1000s) %Bt first Bt production

Argentina 181 430 70 1998

Australia 384 200 86 1996

Brazil 1252 836 14 2005

Burkina Faso 152 420 29 2008

China 7076 5300 68 1997

Colombia 30 38 64 2002

Costa Rica 0.2 1 2009

India 5117 10260 87 2002

Mexico 92 70 58 1996

South Africa 8 10 88 1997

United States 2654 3047 63 1996
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Chapter ( 6)

Transgenic Bt Cotton Applications In developing Countries

In this chapter " the Central Institute for Cotton Research Nagpur " ( CICR)  

Technical  Bulletin no:22 ( 2005 ), with the title " TRANSGENIC Bt COTTON " will

show us the experience of Bt cotton in India.

CICR report mentioned that: Cotton is one of the major fiber crops of global

significance. It is cultivated in tropical and subtropical regions of more than eighty

countries of world occupying nearly 33 m ha with an annual production of 19 to 20

million tones of bales. China, U.S.A., India, Pakistan, Uzbekistan, Australia, Brazil, 

Greece, Argentina and Egypt are major cotton producing countries. These countries

contribute nearly 85% of the global cotton production. Nearly 60 million people are

engaged in cotton production, marketing and processing. The textile industry which

utilizes the cotton provides employment to about 16% of the total workforce. Cotton in

its various forms also serves as raw material for more than 25 industries. 

Insect-resistant cotton was first introduced commercially in 1996. It is commonly

referred to as Bt cotton, because it produces an insecticidal protein from the naturally

occurring soil bacterium Bacillus  thuringiensis (Bt). Global adoption of Bt cotton has

risen dramatically from 800,000 hectares in its year of introduction in 1996 to 5.7

million hectares (alone and stacked with herbicide- tolerant cotton) in 2003. Significant

economic and production advantages have resulted from growing Bt cotton globally. Bt

cotton can substantially reduce the number of pesticide sprayings, which reduces worker

and environmental exposure to chemical insecticides and reduces energy use. The

quality of life for farmers and their families can be improved by the increased income

and time savings offered by Bt cotton. These economic, environmental, and social

benefits are being realized by large and smallholder farmers alike in many countries          

( USA, China , India, Brazil, Australia , Argentina, Burkina Faso , Mexico, Colombia, 

and South Africa ) around the world. 
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This review focuses on transgenic Bt cotton applications in the two main applying

countries (China and India) and its advantages and disadvantages. 

Introduction22

In India, 162 species of insect pests attack different stages of cotton. Of these, about a

dozen are major and half of them are key production constraints necessitating

management interventions in the crop ecosystem. The sucking pest complex comprising

of aphids, jassids, thrips and whitefly are widespread and fairly serious. However, their

damage can be efficiently contained by the existing practices of cultural, chemical, 

biological and host resistance means. The bollworms are most important tissue feeders

and highly damaging. Three types of bollworms viz. American bollworm (Helicoverpa

armigera), Pink bollworm (Pectionphora gossypiella) and spotted bollworm (Earias

vitella), normally referred as bollworm complex are by far the most damaging and loss

inducing pests of cotton. Amongst them, Helicoverpa emerged as a key pest all over the

country causing as high as 80% losses in cotton.

I) Transgenic Bt cotton23 :-

To give the reader good and benefit information about Bt cotton, CICR report

asked some questions and answered it as follows :-

1- What is Bt?

The Bt is a short form of ubiquitous soil bacterioum Bacillus thuringiensis. This

bacterium is gram positive and spore forming that forms parasporal crystals during

stationary phase of its growth cycle. The synthesized crystalline proteins called

endotoxin

epithelium tissues of midgut of caterpillars. These protein often appear microscopically

as distinctly shaped crystals and constitute about 20-30% of dry weight of sporulated

cultures. These proteins are characterized by their insecticidal activity and are therefore

CICR (2005).

CICR (2005).
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grouped into four classes i.e. Lepidoptera-specific (Cry I), Lepidoptera and Diptera-

specific (Cry II), Coleoptera-specific (Cry III) and Diptera-specific (Cry IV). Different

strains of Bt produce more than 25 different but related insecticidal crystal proteins

(ICPs). These are toxic to larvae of different insects including disease vectors and many

agricultural pests. 

Cotton bollworms belong to the order Lepidoptera and therefore are sensitive to Bt Cry I

and Cry II proteins, which are specific to them. Other beneficial insects are unaffected

by these proteins. The gene bank data base of Bacillus Genetic Stock Centre (BCSC)

have given a list of Cry(Crystal), Cyt (Cytolytic) and Vip genes either synthetic or

modified versions from B. thuringiensis. about 22 classes of Cry including 126 Cry

genes have been registered along with a Crt gene and 3 Vip (Vegetative insecticidal

protein) genes. But popularly and effectively utilized are Cry 1 Ac, Cry 1 Ab in different

crops. 

2. What is Bt Cotton?

A genotype or individual which is developed by the techniques of genetic engineering is

referred to as transgenic. In other words, genetically engineered organisms are called

transgenics. A transgenic may be a plant, an animal or a microbe. Transgenic plants

contain foreign gene or genetically modified gene of the same species. The foreign gene

may be from a distantly related species, closely related species or unrelated species or

from micro-organisms such as fungi, bacteria and viruses. Bt cotton refers to transgenic

cotton which contains endotoxin protein inducing gene from soil bacterium Bacillus

thuringiensis. The first transgenic plant was developed in 1983 in tobacco (Fraley

et.al.1983) in U.S.A. In cotton, the first transgenic plant was developed in 1987 in

U.S.A. by Monsanto, Delta and Pine companies (Benedict and Altman, 2001).Later on, 

the research work on development of transgenic was intensified all over the globe and

several transgenic plants were developed. The transgenic cotton is of two types viz. (1)

Bollgard and (2) roundup ready cotton. The former confers resistance to bollworms and

the latter is resistant to herbicides. The area under herbicide resistant transgenic cotton is
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restricted to USA. However, bollworm resistant Bt transgenic cotton has spread to

several countries. Transgenic disease resistant cottons have not yet been developed. 

Characterization of antifungal factors is underway at the USDA (Rajasekharan

et.al.1999). In India, a few resistant genes against Fusarium and Verticillium wilts have

been isolated and are being transformed into cotton. Chinese scientists have isolated

the wilts (Zhang et.al.2000).

3. How Bt cotton is developed?

For development of transgenic of any crop, there are five important steps: (a)

Identification of effective gene or genes, (b) Gene transfer technology, (c) Regeneration

ability from protoplasts, callus or tissues, (d) Gene expression of the product at desired

level, (e) Proper integration of genes so that are carried for generations by usual means

of reproduction. Once identification of bollworm inhibiting genes has been achieved, 

molecular biologists have step by step solved the problems to achieve perfect

transgenics. In case of cotton, Agrobacterium-mediated gene transfer technique has been

essentially used (Firozabady et al. 1987). Although now for direct gene transfer to

protoplast, biolistic gene transfer techniques are available. The regeneration of cotton

plants from callus and somantic embryogenesis have so far been restricted to few

one big hurdle in gene transfer. There are reports of induction of somantic

embryogenesis has also been reported from china and Australia but in India, attempts to

repeat it with Indian genotypes have been unsuccessful .To circumvent the problem of

genotype-limited regeneration of callus or leaf tissues, transformation and regeneration

from meristematic tissues was attempted which was found useful. Using Cry 1 Ab and

Cry 1 Ac genes, transgenic cottons with perfect integration, expression and reproduction

was achieved first in USA in 1987. Subsequently, there are reports from china and

Australia. In coming years, the techniques are being invented and the problems of

genotype-dependent regeneration will be sorted out. 
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There are four important methods of foreign gene (DNA) transfer in crop plants viz. 

plasmid  method, particle bombardment, direct DNA uptake and micro-injection

(Stewart, 1991). These methods are also known as systems of DNA delivery for genetic

transformation. The soil borne bacterium Agrobacterium tumifaciens (termed as

method has three main limitations viz. host specificity, somaclonal variation and slow

generation. There are two main advantages of Agrobacterium mediated DNA transfer

method. Firstly, this method has some control over the copy number and site of

integration of transgene which is not possible in particle bombardment method.

Secondly, this is a cheaper method of genetic transformation than particle bombardment

method. Perlak et al. (1991) transferred successfully the Cry 1 Ac gene to cotton via

Agrobacterium with CaMV promoter and the Cry protein produces by transgenic cotton

was found highly toxic to bollworms. This method was later used extensively by others. 

The particle bombardment method in which the foreign DNA is delivered into plant

cells through high velocity metal particles, has some advantages over the Agrobacterium

mediated method of DNA transfer, this method does not exhibit host specificity. Hence, 

it can be effectively used for the development of transgenic plants in various plant

species. Moreover, this method is technically simple than Agrobacterium mediated DNA

transfer method. In this method, there is no need of isolating protoplast. The other two

method viz. direct DNA transfer and microinjection technique are rarely used for

developing transgenics in cotton Currently, two DNA delivery system, viz.(1)

Agrobacterium mediated gene transfer, and (2) bombardment of cells with plasmid DNA

coated particles, are widely used for development of transgenic (genetically engineered)

plants in cotton ( Umbeck et.al 1987; Firoozbady et. al. 1987;  Finer and McMullen, 

1990). The first two workers used Agrobacterium method while the last workers used

biolistic method of gene transfer in cotton for developing transgenic plants. More than

37 transgenic plants have been developed in cotton so far by these two methods. 
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4. How is Bt cotton different from conventionally bred cotton?

The scientific basis of plant breeding was established soon after the discovery of

etics is that the traits /

characters are controlled by genes that genes are located on discrete structure called

chromosomes located in the nucleus of each cell of an organism, and that mixing or

recombination of parental genes occurs during the formation of sex cells in the first

generation progeny. The number of different chromosomes in a cell is specific to the

species. For example, in Upland cotton i.e. G. hirsutum and Egyptian cotton (G.

barbadense) which are tetraplodis have 52 chromosomes while in the Indian diploid

desi cottons, G. arboreum, G. herbaceum, the chromosome number is 26. In a normal

plant, two copies of each chromosome are present. One set of chromosomes (say 26 in

G. hirsutum) is contributed by a male parent and one set by the female parent. Two

copies of each chromosome means that each gene is present in at least two copies, 

although many genes may be present in multiple copies in the genome. A plant trait

controlled by one gene pair such as fiber colour is called qualitative trait. However, most

of the characters of agronomic or economic importance are quantitative and controlled

by the interaction of many genes. For most traits different versions of the controlling

genes exist. It is this diversity of gene type that provides the basis of traditional plant

breeding. The breeder attempts to introduce a large number of genes (desirable) from a

range of different genetic sources into a single superior genotype. Traditionally, it is

done by sexual hybridization. Thus, gene transfer is limited to plants that are sexually

compatible. While selecting for traits, a breeder has to eliminate the unwanted genes

contributed by donor parent and thus involves the process of backcross, intercross, self

pollination strategies and selections. Traditional breeding deals with large blocks of

DNA and often a long drawn process to achieve breakage of undesirable linkages, 

methods have been useful in enhancing the yield potential by more than 200 kg lint per

ha in India on an average. Traditional breeding has also limited use in evolving
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bollworm-resistant cultivars as no precise sources of donors within compatible types are

available for large scale breeding. 

Genetic Engineering (GE) is a breeding strategy that attempts to avoid the problems

associated with the transfer of large blocks of genetic material between two parents. The

current state of technologies allows only a very limited number of foreign genes (from

any life source) at a time to be introduced into a plant. However, single gene traits cause

least disruption of the existing plant genome and are much easier to develop in

subsequent breeding efforts. Two components are required to accomplish genetic

engineering. The first is the knowledge of plant genomic structure and the structure of a

single gene, and the second is the ability to develop a complete plant from a single cell

(regeneration). Not all varieties can be regenerated so direct GE is limited to a few that

can be. These are unfortunately not agronomically superior and hence a series of

backcrossing and selection is required to put the new gene into the best varieties. Genes

are composed of DNA, a linear series of four basic chemical subunits. The linear order

of these subunits determines the regulation and expression of genes. Each chromosome

consists of one exceptionally long double stranded DNA molecule, and the genes are

arranged linearly along the strand, usually with long stretches of non-functional DNA

sequence, each with a different function, (1) a sequence at the start of gene called

promoter, dictates when, where and how much of the gene product will be produced, (2)

a central region, called the coding region, provides the genetic code for the gene

product, and (3) a terminal region, where the gene ends. The final product of the gene,

with few exception, is generally a protein. The function of each gene / protein is

specific, but collectively these functions range from nutrition storage and cell structure

to metabolic catalysts (enzymes) and plant defensive agents. Protein with  latter

functions are used in Bt cotton lines. In reality, individual

insertion of foreign DNA. Various techniques are available to do this, but the most

common method relies on a system provided by nature. The bacterium causing the

crown gall disease Agrobacterium tumefaciens
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transfers some of its own DNA to plant cell as a part of the disease process. Scientists

discovered that the bacteria, while no longer causing the crown gall disease, retain the

hus

allows any gene to be transferred to a plant cell through this bacteria. Since the specific

site on chromosome where new DNA is inserted into an existing gene, it is necessary to

do many transformations and regeneration events and then select the transgenic plant

that gives the best performance. This is called Agrobacterium-mediated gene transfer.

There are other methods of gene transfer available now, such as direct gene transfer to

protoplasts and biolistic gene transfer where bombardment of regenerable tissues with

DNA coated microprojectiles at a very high velocity is used for ingestion of foreign

genes into plant cells. Traditional  breeding methods deals with blocks of chromosomes

based on sexual hybridization and recombination. GE deals with a very limited number

of defined genes designed to impart traits to a crop that are not present in the traditional

germplasm breeding pool. 

II) Impact of ( Bt ) Crops On the Developing countries24 :-

Huesing and English ( 2004 ) reported that : Genetically modified (GM) plants are

already phenomenally successful; they are being grown on more than 67 million

hectares (ha) in 18 countries worldwide, and the amount is increasing by 10% or more

annually (Table 7; James, 2003a, 2003b). This remarkable growth has all occurred since

1994, when the first transgenic crop, the Flavr Savr tomato, became available to farmers.

Seven such crops are currently being grown (cotton, canola, maize, papaya, potato, 

soybean, and squash), but most of the world's  bioengineered hectarage is in cotton (7

million ha), maize (10 million ha), and soybean (33 million ha; James, 2003a, 2003b). 

Two agronomic traits resistance to herbicides and resistance to insect pests account

for virtually all planted hectares. The commercial, economic, and social benefits

resulting from the use of herbicide and insect resistance traits is now widely established

Huesing and English (2004
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in North and South America as well as Australia and Asia (Table 8; James, 2003a,

2003b; Shelton, Zhao, & Roush, 2002). Genetically modified crops are most often

associated with high-input industrial economies, but farmers in the developing world are

rapidly adopting them. Surprisingly, nearly one third of all GM crop hectares are now

grown in developing nations. Genetically modified crops provide much for the

developing world, where yield constraints such as insects are often far more crippling

than in the industrial world. In those places where high percentages of the population are

farmers and crop productivity is low, the ramifications of crop pest, weed, and disease

control are profound. To explore the implications of GM crops for the developing world, 

it is useful to focus on just one trait resistance to insect pests. We will proceed by first

briefly outlining the experience gained using insect-resistant crops in the industrialized

world over the last decade and then describing how these technologies are being adopted

and adapted for use in developing countries. 
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Table (7): Countries growing Bt-based PIP crops in 200425.

25 - Huesing and English (2004). 

Country Crop Trait All GM acreage

Australia Cottona Cry1Ac, Cry2Ab 0.1 million ha

Argentina
Cottona Cry1Ac, Cry2Ab 13.9 million ha

Maizeb N/A

Brazil GM (but not PIP) 3.0 million ha

Bulgaria Maizeb Cry1Ab <0.05 million ha

Canada Maizeb Cry1Ab 4.4 million ha

China
Cottona Cry1Ac 2.8 million ha

Rice Multiple

Columbia
Cottona Cry1Ac <0.05 million ha

Maize Cry1Ab 12,000 acres

Germany Maizeb Cry1Ab <0.05 million ha

Honduras Maizeb Cry1Ab <0.05 million ha

India Cottona Cry1Ac 0.5 million ha

Indonesia Cottona Cry1Ac <0.05 million ha

Mexico Cottona Cry1Ac <0.05 million ha

Philippines Maizeb Cry1Ab <0.05 million ha

Romania Soybean No insect traits > 0.05 million ha

South Africa
Cottona Cry1Ac 0.4 million ha

White and yellow maizeb Cry1Ab

Spain Maizeb Cry1Ab <0.05 million ha

United States
Cottona Cry1Ac, Cry2Ab 42.8 million ha

Maizeb Cry1Ab,Cry1Fa, Cry3Bb

Uruguay Maizeb Cry1Ac >0.05 million
a Bt cotton is grown in nine countries: Australia, Argentina, China, Colombia, India,
b Bt maize is grown in eleven countries: Argentina, Bulgaria, Canada, Columbia,
Note. Data from James (2003a, 2003b, 2004a, 2004b).
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Table (8): The commercial, economic, and social benefits of Bt crops26.  

Impacted

areas
Current Future

Agricultural

practices

use of pesticides   

efficient use of water
crops

Government

and social

conomic gains

agricultural sector

   

improvements in food and feed quality

Economic

benefits

growers

insects and weeds

osts such

from subsistance farming as farmer

incomes improve and more modern

Economic

benefits

consumers

   

pesticide usage

pathogen loads
including quality traits

1- Plant Incorporated Protectants Bt Crops

Huesing and English (2004) reported that: Crop plants bioengineered to produce insect

specific toxins termed "plant incorporated protectants" (PIPs) by the United States

Environmental Protection Agency (EPA) were first sold to farmers in the late 1990s. 

They have proven to be one of the safest, most effective means of insect control ever

developed  

26 - Huesing and English (2004
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(http://www.epa.gov/pesticides/biopesticides/pips/). Currently, all commercial PIP crops

are based on genes encoding various forms of insect-specific toxins from the bacterium

Bacillus thuringiensis (Bt; Federici, 2002). Bt is a natural choice for this role, because it

produces a large variety of toxins expressed from single genes that are very specific for

certain orders of insect pests (e.g., Lepidoptera, larvae of butterflies and moths, or

Coleoptera, beetle larvae). Bt also has a long history of safe use going back to the 1930s

(Shelton et al., 2002). Past or present commercialized Bt crops and their respective Bt

genes include cotton (cry1Ac, cry2Ab2, cry1Fa2), maize (cry1Ab, cry1Ac, cry1Fa2, 

cry3Bb1, cry9C), and potato (cry3Aa) (Federici, 2002; Shelton et al, 2002). Future PIPs

include engineered chimeric Bt toxins (e.g., a Cry1Ac/Cry1Fa hybrid protein; Perlak et

al., 2001), vegetative insecticidal proteins such as Vip3A (Estruch et al., 1996), binary

Bt toxins (Baum et al., 2004; Ellis et al., 2002), as well as hybrid Bt toxins targeting

multiple insect orders (Naimov, Weemen-Hendriks, Dukiandjiev, & de Maagd, 2001).

Additional crops (e.g., apple, broccoli, cabbage, tobacco, tomato, soybean, and rice)

have also been engineered to express Bt genes but have not yet been commercialized. 

2- Insect-Protected Cotton

Huesing and English (2004) mentioned that: The first broadly successful commercial

PIP crop, Bollgard cotton, was marketed in the United States in 1996. By 2000, it was

planted on 1.8 million acres (or about 12% of the total US cotton acreage; Perlak et al., 

2001). Bollgard cotton was developed to control several lepidopteran pests of cotton

through the Bt cry1Ac gene. Bollgard cotton has two significant benefits for US farmers

and society. The first benefit is economic: Studies conducted in the late 1990s showed

that US growers obtained an average yield advantage (the sum of increased yield and

decreased insect control costs) of nearly $50/acre (Perlak et al., 2001). The second

benefit directly impacts farmers and indirectly impacts consumers. Because of the high

value of cotton lint and the extensive damage done by insect pests, cotton fields were

heavily sprayed with conventional insecticides. The introduction of Bollgard cotton

triggered a dramatic reduction in the use of insecticides. During the first year Bollgard
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was planted, the US cotton belt had the lowest recorded pesticide application rate since

the 1940s (Smith, 1997).

They also showed that : Nine countries now produce or shortly will produce commercial

Bt cotton. These are Argentina, Australia, China, Columbia, India, Indonesia, Mexico, 

South Africa, and the United States (Cabanilla, Abdoulaye, & Sanders, 2003; James,

2003b). This list illustrates that cotton is also an important crop in many developing

nations and is particularly well suited to small-scale farming (Burgeat & Tangermann, 

2003). Cotton pests are similar around the world, so Bt cotton can be used effectively in

most places. Indeed, the developing world badly needs better cotton insect control for

several reasons. First, conventional insecticides are not always the best solution, due to

their lack of availability and high cost, insect resistance, the need for applicator training

and sprayers that are expensive and not widely available, and so forth. Second, the

inherent value of the cotton crop is high. Third, cotton plants are largely outside the

consumer food chain. For these reasons, insect-resistant cotton was one of the first

transgenic crops used in the developing world. As we will later see, Bt cotton has had an

even greater impact in the developing world than in the developed countries. 

III) Global transgenic Bt cotton applications :-

There are many publications considering transgenic Bt cotton around the world, in

Argentina (Qaim et. al. 200327 ); in Mexico (Traxler and Godoy-Avila 200428 ) ; in

South Africa (Gouse et. al. 200429); but we are going to focus on its applications in the

main two countries , China ( Huang et al. 2002, Pray et. al. 200230 and Dong et. al. 

200431) , and  India ( Barwale et al. 2004, CICR 2005 and  Karihaloo and Kumer 200932

).

27 - Qaim, et. al.( 2003 ). 
28 - Traxler and  Godoy-Avila (2004 ) . 

29 - Gouse et.al. (2004).
30 - Pray,  et al.(2002).
31 - Dong et al (2004 ) . 
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1) The fat Bt cotton spread33 :-

CICR report (2005) showed that: The era of transgenic cotton began in 1990 with

introduction of Cry 1A (b) and Cry 1A (c) genes into cotton plants and transformed

plants showed high level of resistance to Helicoverpa. In USA, the first product

d in 1996 by the Monsanto Company.  

The Bt cotton was tested extensively in the USA and approved by US Environmental

Protection Agency (EPA), the USDA and US Food and Drug Administration. The field

and lab tests proved that the transgenic cotton is highly effective against neonate larvae

of Helicoverpa and Pectinophora. The toxin gene delivers the Bt protein directly to the

neonates after they hatch and try to feed. The Bt gene from originally GE mother plant

was transferred to advance cotton cultivars through backcrossing. The GE cotton in

china has also been developed combining Bt and the cowpea trypsin inhibitor (CpT1)

gene. Transgenic cottons resistant to lepidopteran pests are commercially cultivated in

Australia, Mexico, china, USA and Argentina (Table 9). The maximum area under Bt

cotton is in USA (72%) followed by south Africa (40%), Australia (30%) and Mexico

(25%).

Table (9) : Area of transgenic Bt cotton in different countries (2000-2001)34. 

ICAC 1999 to 2001

CICR report (2005) reported that: In India, after extensive testing of Bt cotton in

AICCIP and farmers field, government of India has approved commercial cultivation of

32 - Karihaloo, and Kumer (2009).

33 - CICR report (2005) . 
34 - CICR report ( 2005 ). 
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Bt cotton with effect from 2002 crop season. The area under Bt cotton, looking to its

impact on bollworm control, is likely to increase in India in the years ahead. It has been

given to understand that in the current year, Bt cotton is planted in 40,000 ha which is

only 0.03% of the total area now. It is expected to grow to 2.5% in next year as number

of other players in the field are coming forward (Mayee and Rao, 2002).

2) Global impact of Insect Resistant ( Bt ) Cotton35 :-

1- Development of Bt Cotton :-

Purcell and Perlak ( 2oo4 ) pointed out that : Bt cotton produces an insecticidal

protein (Cry1Ac) from the naturally occurring soil bacterium Bacillus thuringiensis (Bt)

that protects the cotton plant from certain lepidopteran (caterpillar) insect pests (Perlak

et al., 2001). Coker 312 cotton was transformed to express the Cry1Ac gene from Bt, 

resulting in cotton plants that were resistant to attack from major lepidopteran pests

(Perlak et al., 1990). Many years of development followed to deliver the trait in

germplasm varieties that meet the strict agronomic requirements of growers worldwide

(Perlak et al., 2001). In the United States, Monsanto's Bt cotton is known as Bollgard®

cotton. Extensive testing of Bt plants has demonstrated their safety and advantages

(Betz, Hammond, & Fuchs, 2000). The food, feed, and environmental safety of

Bollgard  ® cotton was evaluated by regulatory agencies prior to commercialization. 

Regulatory approval has been granted in countries where Bt cotton is grown as well as

in countries that import Bt cottonseed products. Studies were conducted on the safety of

the produced proteins, food/feed composition, and environmental safety. On the basis of

this evaluation, Bollgard® cotton and its processed fractions were found to be

substantially equivalent to conventionally bred cotton, and the Bt protein was shown to

be safe for human and animal consumption. Bt cotton was found to pose comparable or

fewer risks to the environment than traditional cotton treated with commercially

35 -Purcell and Perlak (2oo4) .
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approved insecticides. Safety data on Bollgard® has been provided to additional

regulatory authorities globally, and regulatory review continues in these countries. 

2- Adoption of Bt Cotton :-

They also mentioned that: Global adoption of Bt cotton has risen dramatically from

800,000 hectares in 1996 to 5.7 million hectares (alone and stacked with herbicide-

tolerant cotton) in 2003 (James, 2003). In 2002, Bt cotton was grown commercially in

the United States, Mexico, Argentina, South Africa, China, India, Australia, and

Indonesia, and pre-commercial plantings were grown in Colombia (James, 2002). Bt

cotton is a global product, with plantings in North America (United States), Australia,

three countries in Latin America, one country in Africa, and three countries in Asia. 

Large-acreage farmers in industrialized countries (such as the United States and

Australia) derive significant value from Bt cotton, but the vast majority of growers are in

developing countries. More than six million Bt cotton farmers are in developing

countries; the vast majority of these are resource-poor farmers in China and South

Africa (James, 2002). A number of studies have examined the significant economic, 

environmental, and social benefits derived from growing Bt cotton (International

Service for the Acquisition of Agri-biotech Applications, 2002; Ismael, Bennett, &

Morse, 2002a, 2002b; James, 2002; Pray, Huang, Hu, & Rozelle, 2002; Purcell, 

Oppenhuizen, Wofford, Reed, & Perlak, 2004).
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Figure (4): Potential economic and production benefits of Bt cotton. Adapted from

Purcell et al. (2004).

3- Economic and Production Benefits

They showed the significant economic advantages have resulted from growing Bt cotton

around the world (Figure 4). Bt cotton provided US farmers with an average net income

increase of $20/acre and increased the total net value of US cotton production by $103

million in 2001 (Gianessi, Silvers, Sankula, & Carpenter, 2002). In China, net revenue

increases have ranged from $357/hectare to $549/hectare in the three years studied when

one compares Bt cotton with non-Bt cotton (Pray et al., 2002). In South Africa,

smallholder farmers in the Makhathini region raised their yields and reduced their

application costs, netting an economic advantage for Bt cotton growers of about

$25.51/hectare (Ismael et al., 2002a, 2002b). Yield advantages have been noted in a

number of studies, ranging from 5.10% in China, more than 10% in the United States, 

and more than 20% in four other countries (James, 2002). A recent report found that in

field trials in India, average yields for Bt cotton hybrids were 80% greater than non-Bt

hybrids (Qaim & Zilberman, 2003), although other results from India are less dramatic

(James, 2002). Production advantages can result from the level of insect control

achieved and the time savings and reduced labor needs that may result (Benedict & 
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Altman, 2001; Edge, Benedict, Carroll, & Reding, 2001). Bt cotton is a valuable option

for growers, as it provides superior pest control of pests with several features that

provide advantages over other insect control agents (Benedict & Altman, 2001; Edge et

al., 2001; Perlak et al., 2001).

4- Environmental Benefits :-  

Purcell and Perlak (2oo4) pointed out that: Bt cotton can substantially reduce the

number of pesticide sprayings, which can provide significant environmental benefits

(Figure 5). A number of studies have demonstrated that insecticide sprays are reduced

by using Bt cotton (Carpenter et al., 2002; Edge et al., 2001; James, 2002). Growers in

the United States reduced insecticide use by 1,870,000 pounds of active ingredient (AI)

per year in 2001 ( Gianessi et al., 2002). In China, insecticide applications were reduced

by an average of 67% and the kilograms of active ingredient by 80% (Huang, Rozelle,

Pray, & Wang, 2002), while South African growers reduced sprays by 66% ( Ismael et

al., 2002a). The use of Bt cotton in place of conventional systems can positively impact

nontarget organisms (NTOs) and beneficial organisms by preserving populations (Head

et al., 2001; Smith, 1997; Xia, Cui, Ma, Dong, & Cui, 1999) and is compatible with

integrated pest management initiatives (Benedict & Altman, 2001). In addition, Bt

cotton adoption can provide secondary positive environmental impacts such as (a)

saving on  raw materials needed to manufacture chemical insecticides; (b) conserving

fuel oil required to manufacture, distribute, and apply such insecticides; and (c)

eliminating the need to use and dispose of insecticide containers (Leonard & Smith,

2001).
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Figure (5) . Potential environmental benefits of Bt cotton. Adapted from Purcell et al. (2004).

Figure  (6 ) . Potential smallholder farmer benefits of Bt cotton. Adapted from Purcell et al. 

(2004).

  

5- Benefits for Smallholder Farmers

They showed that: Bt cotton and other tools which lead to more productive agricultural

systems can benefit smallholder farmers and their broader agricultural communities

(Figure 6). At the macroeconomic level, the increased productivity can stabilize

production and reduce risks for lenders. At the farm level, improvements in the insect

control system being used can positively impact the quality of life for farmers and their
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families by increasing incomes, reducing insecticide sprayings, and offering savings in

time (Ismael et al., 2002a; Pray et al., 2002). The nutritional demands of families may

also be better met, as these families now have increased income that could potentially be

used for more food purchases and food consumption (James, 2002; Pray, Ma, Huang, &

Qiao, 2001). Time savings may be particularly important for women in South Africa,

where women serve as heads of many of the households. The time saved by using Bt

cotton may allow these women to care for children, elderly, or the sick or to engage in

income-generating activities (Ismael et al., 2002a). Children were also a beneficiary of

this technology, as those children in South Africa who no longer have to spray

insecticides could now potentially devote more time to educational or other worthwhile

pursuits (Ismael, 2002a). Water savings from using Bt cotton by reducing insecticide

sprays are another source of significant benefits for smallholder farmers. The use of Bt

cotton on a typical 1.7 hectare farm in the Makhathini Flats region of South Africa

would result in a labor reduction of 12 days of spraying, eliminate 100 km of walking, 

and save 1,000 liters of water while increasing income by $85 (James, 2002). These

cumulative benefits have dramatic social relevance for a segment of society that can

benefit most. 
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Chapter (7)

Bt cotton application In China36

In this chapter we'll focus on the Bt cotton applications in China, as mentioned by

Huang et al. (2002) mentioned that: Despite growing evidence that Bacillus

thuringiensis (Bt) cotton reduces use of insecticides, cuts farmers' production costs, and

increases yields in the United States (Perlak et al., 2001), key  countries that criticize

biotechnology continue to doubt its usefulness, particularly for small farmers in

developing countries. Examples of such countries include China (Pray, Huang, Ma, &

Qiao, 2001; Huang, Hu, Rozelle, Qiao, & Pray, 2002), South Africa (Ismael et al., 

2001), and Mexico (Traxler, Godoy-Avila, Falck-Zepeda, & Espinoza-Arellano, 2001). 

A recent article in the journal of Genetic Resources Action International (GRAIN, 2001)

argues that Bt cotton does not have any positive impact on yields and implies that

bollworms are becoming a problem in China and are resistant to Bt cotton. 

Haung et al (2002) reported that: Alternatively, research presented in this article

documents the impact of Bt cotton in China using three years of farm-level surveys. It

builds upon earlier research where we examined the impact of Bt cotton in China using

1999 data from 283 farmers in Hebei and Shandong Provinces (Pray et al., 2001; Huang, 

Hu, et al., 2002; Huang et al., in press; Huang, Rozelle, et al., 2002). These recent

articles demonstrated that adoption of Bt cotton led to positive and significant economic

and health benefits for poor, small farmers. 

However, China's rural economy is evolving rapidly. As a result, the rural environment

may have changed so much in recent years that the benefits and costs from Bt cotton to

Chinese farmers may also have changed. Although the commercialization of cotton

markets began in the late 1990s, most cotton was still purchased by the State Cotton and

Jute Corporation in 1999 at a price fixed by the government. Since 2000, the

government has allowed the price of cotton to fluctuate with market conditions. Cotton

36 - Huang et. al., 2002
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mills are now allowed to buy cotton directly from growers. On the input side, the New

Seed Law passed in 2000 gave legitimacy to private seed companies and allowed them

to operate in many provinces. These changes led to sharp changes in the price of cotton, 

increased Bt cottonseed availability, and changed pricing strategies for Bt cottonseed. 

In the context of China's changing agricultural economy, the overall goal of this research

is to review the findings of our earlier efforts that analyzed the effect of Bt cotton

adoption in 1999 and the results of two follow-up surveys conducted in 2000 and 2001. 

Reports from government officials indicate that adoption of Bt cotton is spreading

rapidly in the major cotton growing regions of China. Our survey data on yields and

econometric analysis indicate that the adoption of Bt cotton continued to increase output

per hectare in 2000 and 2001 and that the yield gains extended to all provinces in our

sample. More importantly, Bt cotton farmers also increased their incomes by being

reducing use of pesticides and labor. However, Bt cotton's success has attenuated its

benefits. Rising yields and expanding area has begun to push cotton prices down. As a

result, consumers are now enjoying some of the gains that accrued previously to

producers. Finally, data from the survey shows that Bt cotton continues to have positive

environmental impacts by reducing pesticide use. We provide evidence that farmers

have fewer health problems because of reduced pesticide use. We conclude with

evidence that China is not unique and that there are lessons for other developing

countries in their experience.

1- Bt Cotton Development and Adoption in China

Huang et al. (2002) mentioned that: China has made a major investment in

biotechnology research (Huang,  Rozelle, et al., 2002). These investments started in the

mid-1980s and were accelerated in the late 1980s by the Ministry of Science and

Technologies' 863 Plan.1 Unlike biotechnology research in most other countries of the

world, the private sector has not played a major role in biotech research in China.

Insect pests, particularly the cotton bollworm ( Helicoverpa armigera ), have been a

major problem for cotton production in northern China. China's farmers have learned to
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combat these pests using pesticides. Initially, farmers used chlorinated hydrocarbons

(e.g., DDT) until they were banned for environmental and health reasons in the early

1980s (Stone, 1988). In the mid-1980s, farmers began to use organophosphates;

however, in the case of cotton, pests developed resistance. In the early 1990s, farmers

began to use pyrethroids, which were more effective and safer than organophosphates. 

However, as in the case of other pesticides, China's bollworms began to rapidly develop

resistance to pyrethroids in the mid-1990s. At this time, farmers resorted to chemical

cocktails of organophosphates, pyrethroids, and other chemicals (including DDT, 

although use of chlorinated hydrocarbons is illegal) with less and less impact on pests. 

With rising pest populations and increasingly ineffective pesticides, the volume of

pesticides used by Chinese cotton farmers rose sharply. Farmers use more pesticides per

hectare on cotton than on any other field crop in China (Huang, Hu, et al., 2002). And in

the aggregate, Chinese cotton farmers use more pesticides than farmers of any other crop

with the exception of rice, where the sown area for rice is many times that for cotton. 

Overall, Chinese cotton production expends nearly US$500 million on pesticides

annually (Huang et al., in press).

Huang et al. (2002) reported that: China's pest problems have led the nation's scientists

to pursue a variety of strategies including development of new pesticides, breeding of

new pest-resistant cotton varieties, and development of integrated pest management

(IPM) programs for pest control. Consequently, when the possibility of incorporating

genes for pest resistance came closer to reality, China's scientists became actively

involved. With funding primarily from government research sources, a group of public

research institutes led by the Chinese Academy of Agricultural Sciences (CAAS)

developed Bt cotton varieties using a modified Bt fusion gene (Cry1ab and Cry 1Ac).

The gene was transformed into major Chinese cotton varieties using China's own

methods (pollen tube pathways). Researchers tested the varieties for their impact on the

environment and then released them for commercial use in 1997 (Pray et al., 2001).
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Monsanto, in collaboration with the cottonseed company Delta and Pineland, developed

Bt cotton varieties that were approved for US commercial use in 1996. They began to

collaborate with the Chinese National Cotton Research Institute of the CAAS at

Anyang, Henan in the mid-1990s. In 1997, several varieties were tested and approved by

the Chinese Biosafety Committee for commercialization. Concurrently, scientists in the

Cotton Research Institute were working on their own varieties. The research team began

to release their varieties in the late 1990s. 

As the adoption of Bt cotton spread, China's government research institutes at the

province and prefecture levels produced new Bt varieties by backcrossing the Monsanto

and CAAS varieties into their own local varieties. These varieties are now being adopted

in Henan, Shandong, and elsewhere. Interviews with officials from local seed companies

and officials in July 2001 and August 2002 confirmed that such practices were

widespread in almost every province in Northern China.

At present, the CAAS has permission from the Biosafety Committee to sell 22 Bt cotton

varieties in all Chinese provinces. The Biosafety Committee has approved the sale of

five Delta and Pineland Bt varieties in four provinces. Many other varieties from

national institutes like the Cotton Research Institute, Anyang, and provincial institutes

are being grown, but some of these local varieties did not go through the official

approval procedure set by the Chinese Biosafety Committee. In the wake of

commercialization of these approved and non approved varieties, the spread of Bt cotton

has been very rapid. From nil in 1996, we estimate that farmers planted more than 2

million hectares of Bt cotton in 2001 (Table 10). This means that 45% of China's cotton

growing area was planted with Bt cotton in 2001. 

Although the spread of Bt cotton in China has relied on the varieties introduced by the

public research system and seeds sold (at least initially) by the state-run seed network, 

the adoption of Bt varieties has been the result of decisions by millions of Chinese small

farmers. Our survey estimates that between 4.7 and 5.1 million farms adopted Bt cotton

in 2001 (Table 10).
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Table (10) estimates the adoption rate and area planted in Bt cotton by Chinese cotton-

producing provinces. Bt cotton production began in 1997 when a few thousand hectares

were planted in both Hebei and Henan farm fields for seed production. In 1998, 

commercial production of Bt cotton by Chinese farmers started in the Yellow River

cotton-producing region of Hebei, Shandong and Henan. Production rapidly expanded to 

97% of the respective cotton growing areas in Hebei by 2000, and in Shandong by 2001. 

In Henan, the adoption rate reached nearly 70% in 2001 (Table 11).

Table (10): Bt cotton adoption in China, 1997-2001. 

In the southern provinces of Anhui and Jiangsu, Bt cotton production started in 1998. 

Use increased fairly rapidly in Anhui, where within four years the Bt cotton adoption

rate reached 45%. Less rapid adoption of Bt cotton occurred in Jiangsu. This is probably

due to two facts observed during our field survey: (a) Farmers in the province told us

that the red spider mite problem is more serious than bollworm in their cotton

production; and (b) several varieties of hybrid cotton from China's Cotton Research

Institute and their provincial academy have been performing well in terms of yield. 

Additionally, there were small amounts of Bt cotton planted in Jiangxi and Hubei within

the Yangtze River Basin, Shanxi and Shaanxi within the Yellow River Basin, and

elsewhere, including Xinjiang in Western China.
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Table (11): Bt cotton adoption in China by province, 1997-2001. 

2-Data and Surveys

Huang et al. (2002) showed that: To assess the impact of biotechnology in China we

conducted a series of surveys in 1999, 2000, and 2001. In each successive year, we

increased our sample size and the number of provinces surveyed as the use of Bt cotton

spread throughout China.

In 1999, we began with a sample of two counties in Hebei and three counties in

Shandong. The counties where the survey was conducted were selected so that we could

compare Monsanto's Bt cotton variety, CAAS Bt varieties, and conventional cotton. 

Hebei  had to be included because it was the only province in which Monsanto varieties

had been approved for commercial use. One of two counties surveyed in the Hebei

province was Xinji County, chosen because it was the only place where the newest

CAAS genetically engineered variety was grown. We chose counties in Shandong

province because the CAAS Bt cotton variety GK-12 and some non-Bt cotton varieties

were grown there. After selection of provinces and counties, in the second phase of

sample selection, two villages from each county were randomly selected. Finally, a

sample of about 25-30 farmers (the number varies with village size) from each village

was randomly selected by our survey team based on the entire list of farmers in the

village, provided by the local household registration office. Trained numerators from the
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Center for Chinese Agricultural Policy interviewed each farmer for about 2-3 hours. The

total number of farmers in our 1999 survey sample was 283. 

In 2000, we included two additional counties in Henan province to assess the efficiency

of Bt cotton compared to conventional cotton varieties grown there. Henan is in the

same Yellow River cotton-growing region as Hebei and Shandong and has similar

agronomic and climatic characteristics. As we did in 1999, counties were selected based

on the inclusion of both Bt and non-Bt cotton producers and the same sampling rules for

selection of villages and farmers were followed. In 2000, we continued to survey the

same villages in Hebei and Shandong that we surveyed in 1999. The total number of

farmers interviewed increased in 2000 to 407. 

In 2001, we added Anhui and Jiangsu provinces because the use of Bt cotton had spread

further south. We followed a similar sampling approach as that used in 1999 and 2000

for the selection of counties, villages, and farmers. However, in our quest to compare the

use of Bt and non-Bt cotton production, we now had to drop some of the farmers

previously surveyed in our 1999 and 2000 sampled villages in Hebei and Shangdong

and two villages (from one county) in Henan because they had fully adopted Bt cotton in

2001. Thus, the total number of farmers interviewed in 2001 was 366.

3-Performance of Bt Cotton in Farm Fields :

In China, Bt cotton was developed in order to provide more effective protection against

pests. Scientists expected that farmers who grew Bt cotton would be able to substantially

reduce the amount of pesticides used and have better control over bollworm pests. This

in turn would reduce costs of production and increase yields. Scientists expected that Bt

cotton would yield more per hectare because of reduced damage from bollworms. 

4- Yield Impacts :

Data in Table (12) shows that: Bt cotton variety yields are higher than those of non-Bt

varieties. For example, in 2001 when comparing yields for all of surveyed farms, Bt

varieties were about 10% higher. This is consistent with previous findings using
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econometric techniques, where an 8-15% yield increase was due to the adoption of Bt

cotton in 1999 (Huang, Hu, et al., 2002).

Additionally, increased yields of Bt cotton occurred over time in provinces that had used

Bt cotton for several years. Thus, according to our data, there is no obvious deterioration

of the effectiveness of Bt varieties over time. These increasing yields also counter

suggestions that bollworms are becoming resistant to Bt cotton. Instead, the trends in our

sample suggest that farmers may be learning to better manage Bt cotton varieties, thus

obtaining higher yields. 

5- Cost of Production Impacts

When comparing pesticide use on Bt cotton to that of non-Bt cotton in Table (13), our

data demonstrates that Bt cotton varieties exhibit reduced pesticide usage. For the

provinces that adopted Bt cotton first Hebei and Shandong Table (13) shows that

pesticide usage has remained low. In the provinces of Henan and Anhui, where Bt cotton

was recently introduced commercially, the mean application of pesticides has been

dramatically reduced when compared to non-Bt cotton. Only in Jiangsu, where red

spider mites are the main pest rather than bollworms (Hsu & Gale, 2001), was the

difference in pesticide use small between Bt and non-Bt cotton only 7 kilograms per

hectare. This suggests that the spread of Bt cotton may be reduced as it moves away

from the regions in which bollworms have historically been the major pest-Hebei and

Shandong. As a consequence, the economic benefits from producing Bt cotton are not as

great, especially with higher Bt seed prices. 

In Henan, bollworm problems are as important as in Hebei; however, farmers can only

buy inferior varieties of Bt cotton. There is a virtual monopoly on seed production and

sales by the Provincial Seed Company supplying varieties from the local research

institutes. In addition, China's Biosafety Committee has refused to allow the 33B or 90B

varieties to be grown in the Province. Thus, farmers have to grow illegal 33B and CAAS

varieties supplied by private seed traders or local Bt varieties that have not been
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approved by the Biosafety Committee. Part of the problem for the Henan varieties is that

the level of Bt expression is reduced by midseason (Wu, 2002).

When looking solely at pesticide use per hectare on Bt cotton, our sample does appear to

show some increase over time (Table 13). In those provinces for which we have data for

all three surveyed years, results on pesticide use per hectare is mixed. In the Hebei

province, for example, pesticide usage increased between 1999 and 2001. In Shandong, 

however, after pesticide use per hectare increased between 1999 and 2000, it decreased

in 2001. Precise assessment of impacts of Bt cotton on pesticide usage calls for a more

methodologically oriented estimation, which is presented in the later part of this article.

Table (12): Yield of Bt and non-Bt cotton in sampled provinces, 1999-2001.  

6- Farmer Income Impacts

Table (14) includes data on average per-hectare costs and returns and thus net revenue

(or income). Regarding inputs, seed costs were always greater for Bt cotton varieties

compared to non-Bt varieties. However, this difference was offset by a much greater
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reduction in expenditures for pesticides and labor, because Bt cotton farmers did not

have to spend as much time spraying pesticides. The total cost per hectare of producing

Bt cotton was much less than that for non-Bt cotton in 1999 and 2001, but slightly

higher in 2000, mainly due to higher fertilizer inputs. 

Output revenues for Bt cotton were higher than revenues for non-Bt cotton due to higher

yields obtained by Bt cotton (as shown in Table 14), assuming identical prices for Bt and

non-Bt cotton. After deducting total production costs from output revenues, Table (14)

(last row) shows that net income from producing Bt cotton varieties was higher than for

non-Bt varieties. 

Table (13): Pesticide application (kg/ha) on Bt and non-Bt cotton, 1999-2001. 

Year Location Bt cotton Non-Bt cotton

1999

All samples 11.8 60.7

Hebei 5.7   

Shandong 15.3 60.7

2000

All samples 20.5 48.5

Hebei 15.5   

Shandong 24.5   

Henan 18 48.5

2001

All samples 32.9 87.5

Hebei 19.6   

Shandong 21.2   

Henan 15.2 35.9

Anhui 62.6 119

Jiangsu 41 47.9

Note. Red spider mite is the most serious problem in Anhui

and Jiangsu in 2001, while bollworm is less serious. 
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Table (14):  Average per-hectare costs and returns (US$) for all surveyed farmers, 1999-2001.

  

2001 2000 1999

Bt

Non-

Bt Bt

Non-

Bt Bt Non-Bt

Output

revenue 1277 1154 1578 1013 1362 1265

Nonlabor costs

Seed 78 18 59 21 62 63a

Pesticide 78 186 52 118 31 177

Chemical

fertilizer 162 211 132 128 154 154

Organic

fertilizer 44 53 41 18 28 34

Other

costs 82 65 86 70 120 88

Labor 557 846 840 841 616 756

Total

costs 1000 1379 1211 1196 1011 1271

Net

revenue 277 -225 367 -183 351 -6
a Seed prices for conventional cotton were high in 1999 because nine

farmers reported growing a new variety, "Bu Xiu" cotton, which was

supposed to require less labor and management; however, seed costs

equaled $155/ha. $1=8.3 Yuan. 
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7- Farmer Health and Environmental Impacts

As shown in Table (13), the reduction of pesticide use due to Bt cotton has been

substantial. In China, because pesticides are primarily applied with small backpack

sprayers that are either hand-pumped or have a small engine, and because farmers

typically do not use any protective clothing, applying pesticides is a hazardous task

farmers almost always end up completely covered with pesticides. Hence, it is important

to know if the reduction in pesticide use can be linked to improved farmer health. In the

past, a large numbers of farmers became sick from pesticide applications each year

(Huang et al., 2001).

According to our data, by reducing the use of pesticides Bt cotton has also reduced the

number of farmers who are poisoned annually by pesticides. Table (15) divides our

sample farmers into three groups: (a) those that exclusively use non-Bt cotton varieties,

(b) those that use both Bt and non-Bt varieties, and (c) those that plant only Bt cotton

varieties. When comparing the first group to other groups, a higher percentage of

farmers planting only non-Bt cotton reported poisoning in each of the years 1999, 2000, 

and 2001. The percentages were particularly high 22% and 29% in the first two years. 

In contrast, between 5% and 8% of farmers who used only Bt cotton reported that they

had become sick from spraying pesticides. 

Perhaps most importantly, the total decline in pesticide use has been impressive. Using

the differences in average pesticide use in Table ( 13 )  and the area planted in Bt cotton

in Table 4, a rough estimate of the decline in pesticide usage can be calculated. In 1999, 

the reduction in pesticide use was more than 20,000 tons of pesticides; in 2001, due to

increased area planted in Bt cotton and subsequent reduction in pesticide use per hectare,

a reduction of about 80,000 tons or about 25% of all pesticides sprayed in China in the

middle 1990s is estimated. We will re-estimate these figures after we present our

econometric results below. This has significant implications for the environment, 

particular for the quality of drinking water for local farmers in cotton-producing regions,

where farmers depend on ground water for both domestic and irrigation uses. 
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Table (15): Impact of Bt on farmer poisoning, 1999-2001.  

8- Production and Price Impacts

a- Production Location and Trends.  

Bt cotton has rejuvenated cotton production in the Yellow River area of China (North

China). Cotton production was at its highest level in 1991 when the nation produced

more than 3 million tons. Production in the Yellow River region then plunged to 1.4

million tons in 1993. This was largely due to a severe bollworm infestation, as well as

increased labor costs in the region and changes in relative crop returns (Hsu & Gale, 

2001, p.19). In 1999 when Bt cotton started to spread extensively in the region, this

cotton production area rebounded. In Hebei and Shandong provinces, planted cotton

area went from 729,700 hectares in 1998 to 876,100 hectares in 2000 (National

Statistical Bureau of China, 1999-2001). Farmers were responding to the pest-resistant

characteristics of the Bt that allowed them to successfully grow cotton despite the

presence of bollworms, as well as reduced their production costs. 
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Concurrently, cotton production in the Yangtze region (South China) has remained

steady while cotton production has risen gradually in Northwest China. The Northwest

cotton region is basically irrigated desert. As a result, the area has fewer pest problems, 

higher yields, and higher fiber quality than other regions of the country. The major

problem of the Northwest cotton region is that it is far away from cotton markets, which

are primarily in the Yangtze region and to a lesser extent in the Yellow River region. To

offset transportation costs and encourage more production in this region, the Chinese

government provides subsidies for such important inputs as irrigation and mechanized

tillage, planting, and harvesting. 

b- Price Fluctuations. Other things held equal, recent increases in production due to

lower costs should have led to lower prices of raw cotton, which would have passed

some of the gains from Bt cotton to consumers. Instead, cotton prices went up between

1999 and 2000. They did not decline until 2001. In our 1999 sample, farmers received

3.4 yuan per kilogram for Bt cotton and 3.32 yuan per kilogram for conventional cotton. 

Prices of Bt cotton and non-Bt cotton then went up to 4.45 and 4.42 yuan per kilogram

respectively, in 2000, an increase of about 30%. In 2001, prices declined sharply to 3.02

and 3.07 for Bt and conventional cotton, respectively, a level approximately 10% below

1999 prices. 

These price fluctuations are primarily due to the changes in domestic supply and

demand factors as well as changes in the global cotton market. The later has been

heavily distorted by cotton farm subsidies in exporting countries (i.e., the US).

According to a recent study by Fan (2002), adoption of Bt cotton in 1997-2001 reduced

cotton prices by about 3%. The textile industry in particular, and consumers in general, 

gain part of these benefits from farmers' adoption of Bt cotton. The implications of these

price trends are that some of the gains from the adoption of Bt cotton are starting to be

passed to consumers. In this case, the first set of consumers is the large cotton mills that

produce yarn and cloth. Despite the decrease in prices in 2001, this simple descriptive
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budget analysis shows that farmers were able to increase net incomes by about $500 per

hectare by growing Bt cotton instead of non-Bt cotton (Table 14).

To verify our survey results on Bt cotton reduced use of pesticides and increased

yields the remainder of this article will develop an empirical model to measure the

impacts of transgenic crops with pest resistance on pesticide use and yield. The models

are then estimated using our survey data, and the results of econometric estimation are

presented. 
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Chapter (8)

Bt cotton In India37

In this chapter we are going to be familiar with the Indian practices in Bt cotton

through tow sources: 1- Barwale et al. (2004) and 2- CICR report (2005).  

Barwale et al. (2004) reported that: Cotton provides a livelihood to more than 60

million people in India by way of support in agriculture, processing, and use of cotton in

textiles. Cotton contributes 29.8% of the Indian agricultural gross domestic product, and

nearly nine million hectares of land in India is used to produce 14.2 million bales of

cotton lint. Indian cotton production is third in the world in quantity, although the

productivity is substantially low. The major reason for this low productivity is damage

caused by insect pests notably Helicoverpa armigera, commonly referred to as

American Bollworm. Nearly Rs.12 billion worth of pesticides are used in India to

control just the bollworm complex of cotton. Mahyco (Maharashtra Hybrid Seed

Company), in collaboration with Monsanto, has introduced Bt cotton technology into

India. Bt cotton carries the Cry1Ac gene derived from the common soil bacterium

Bacillus thuringiensis var. kurstaki, which results in the expression of the Cry1Ac

protein that confers resistance to the bollworm complex. 

1- Experience in Other Parts of the World

Barwale et al. ( 2004 ) mentioned that : Bt cotton has already been commercialized in

six countries: the United States (1996), Australia (1997), South Africa (1997), Argentina

(1998), Mexico (1996), China (1998), and Indonesia (2000). Bt cotton is being

extensively field tested under permit in Brazil, Colombia, Thailand, and Zambia.

Globally, Bt cotton was planted on one million acres (405, 000 ha) in 2000. Due to its

excellent performance, the benefits to the farmer of Bt cotton have been consistently

superior for the six years of commercialization. 

37 - Barwale et. al. 2004.
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2- Bt Cotton in India

Barwale et al. (2004) reported that: Bt cotton seeds were first tested in India for

germination, vigor, and insect efficacy. Other experiments were conducted to confirm

the environmental safety of Bt cotton, including tests of gene flow, persistence of the

transformed plants,  weediness characteristics, crossability of the transgenic pollen with

the nontransgenic relative and near relatives, effect of the pollen on insects and

nontarget organisms, and changes in the soil microbial flora (Table 16). These studies

were conducted under the unique environmental conditions of India and with the Bt trait

in Indian germplasm. Studies of the molecular characterization and stability of the

Cry1Ac gene were also carried out, as well as feeding studies and tests of food and feed

safety, toxicity, and allergenicity. 

3- Bt Cotton Agronomic Benefits

Barwale et al. (2004) reported that: Trials conducted in several locations in 1998/99, 

1999/2000, 2000/01, and 2001/02 demonstrated the following agronomic benefits of Bt

cotton:

good control of bollworm species in different growing areas;  

significantly higher yield and boll retention (compared to control or non-Bt

cotton);  

reduction in expense of insecticide application;  

additional revenue (Rs.2,500-4,000/acre) in farm income (compared to non-Bt

cotton); and  

no adverse effect on nontarget insects or adjacent non-Bt cotton crops.  

4- Bt Cotton Approval for Commercial Cultivation:

Barwale et al. ( 2004 ) showed that : The Genetic Engineering Approval Committee

(GEAC), in its 32nd meeting, held on March 26, 2002, made the landmark decision of

approving cultivation of Bt cotton in India; three hybrids (MECH 162 Bt, MECH 184
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Bt, and MECH 12 Bt) were approved for cultivation with the stipulation that certain

conditions be met (Table 17). These hybrids are high yielding and produce medium-

long- to long-staple fiber.

Table (16):Timeline summary for regulatory processes leading to commercial release of Bt cotton

in India.

Years Studies undertaken India-oversight committeesa

1995-1996
Application and permit for importation of Bt cotton seed

containing the Cry1Ac gene
DBT

1996-2000
Greenhouse breeding for integration of the Cry1Ac gene

into Indian germplasm, seed purification, and stock
DBT

1996-2000
Limited field studies for potential of pollen escape, 

aggressiveness, and persistence
RCGM (DBT)

1998-2001 Biochemical and toxicology studies RCGM (DBT), GEAC

1998-2000
Multilocation field trials: agronomic and entomology

performance of first-generation Bt cotton hybrids,

conducted by Mahyco and State agriculture universities

RCGM (DBT), MEC  

2000-2001 Soil rhizosphere evaluations and protein expression

analyses from multilocation field trials
RCGM (DBT), GEAC

2001
Advanced stage multilocation field performance trials of

first-generation Bt cotton hybrids, conducted by ICAR
GEAC, ICAR, DBT, MEC  

2002

Submission of final biosafety, environmental safety, 

gene efficacy and performance documentation to GEAC;

commercial release of first-generation Bt cotton hybrids

by GEAC

GEAC

2002-

ongoing

Continued field performance trials of second-generation

Bt cotton hybrids for regulatory approval

RCGM (DBT), GEAC, ICAR,

MEC
a DBT = Department of Biotechnology; GEAC = Genetic Engineering Approval Committee; RCGM =

Review Committee for Genetic Modification (constituted by DBT); ICAR = Indian Council of

Agriculture Research; MEC = Monitoring & Evaluation Committees (constituted by GEAC and
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The GEAC also approved production of seed; subsequently, seed for cultivating 100,000

acres (40,485 ha) was available for planting by Indian farmers. The seed was distributed

in the states of Maharashtra, Madhya Pradesh, Karnataka, Andhra Pradesh, Gujarat, and

Tamil Nadu in the kharif 2002 planting season. The areas planted to Bt cotton were

14746, 2220, 3908, 5608, 8854, and 2702 hectares spread over the three hybrids. 

Table (17): Commercial cultivation of Bt cotton hybrids in India, 2002 (hectares).

State MECH-12 MECH-162 MECH-184 Total

Maharashtra 112 9,300 5,334 14,746

Madhya Pradesh 60 404 1,756 2,220

Karnataka 3,828 80 3,908

Andhra Pradesh 44 5,564 5,608

Gujarat 76 4,136 4,642 8,854

Tamil Nadu 2,042 660 2,702

Total 292 25,274 12,472 38,038

Barwale et al. (2004) pointed out that: This year's cotton-growing season in India was

affected by high rainfall in some areas and a long dry spell followed by heavy

downpours (resulting in unfavorable conditions for cotton cultivation) in other areas. 

The overall pest pressure this year for bollworm complex was also low. However, across

the cotton-growing areas, control of the bollworm complex was observed in Bt cotton;

the amount of spraying required, if any, was significantly lower for Bt than for non-Bt

cotton hybrids. Bt cotton yields were significantly higher than those of non-Bt cotton, 

and the average increase in yield was about 30% over non-Bt hybrids in similar

conditions. The quality of Bt cotton was cleaner with better color, and Bt cotton

provided rates commensurate with the quality of the fiber based on the hybrids available.

The data in Table 12 shows that in addition to the substantial increase in yield, there is a

significant decrease in the number of insecticide sprays associated with the use of Bt
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cotton the overall average indicates a yield increase of 8.1 quintals of cotton and a

reduction of 1.93 sprays. These two factors add to the total economic benefit. Table(18)

indicates that there is an average additional income of more than Rs.18,000/ha for Bt

compared to non-Bt cotton. 

Table (18): Bt cotton results from kharifa 2002 season, June-December (yield in quintalsb).

State
Non-Bt

yield
Bt yield

Yield

increase

with Bt

Non-Bt

sprays

Bt

sprays

Spray

reduction

with Bt

Economic

benefit

per

hectarec

Andhra

Pradesh

14.42 20.52

6.1

4.81 2.08

2.73 Rs.16,747(5-25)

(12.5-

32.5) (1-8) (0-4)

Gujarat 19.8 28.35

8.55

3.42 2.09

1.33 Rs.18,430(3.7-37.5) (10-44) (1-7) (0-5)

Karnataka 10.5 17.82

7.32

2.53 1

1.53 Rs.16,170(1.3-30) (7.5-40) (0-6) (0-3)

Madhya

Pradesh

15 25.82

10.82

3.29 0.93

2.36 Rs.24,000(10-50) (35-62.5) (1-9) (0-3)

Maharashtra 14.47 20.82

6.35

2.78 0.99

1.79 Rs.14,490(2.5-45) (2.5-62.5) (0-7) (0-4)

Total 13.25 21.35 8.1 3.1 1.17 1.93 Rs.18,130

Note. All figures given in the table are based on a survey conducted by Mahnyco in the six

states where Bt cottonseed cotton was sold in the kharif 2002 season.a The total sample size

was 1,069 farmers. Averages are on weighted average basis. Figures in parentheses represent

the range for yield (quintals per hectare) and number of sprays.
a Kharif refers to a crop that is harvested at the beginning of winter. 
b 1 quintal = 100 kg.
c Economic benefit per hectare was calculated on the basis of an average cotton rate of

Rs.2,000/q and an average cost of each bollworm complex spray of Rs.1,000/ha.
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5- Projection of Bt Cotton for Next Three Years

Barwale et al. (2004) reported that: Today, Bt cotton comprises 0.78% of the hybrid

cotton area (Table 19). It is projected that the 2003/04 and 2004/05 seasons will have Bt

coverage of 6.40% and 11.65%, respectively. 

6- Conclusion ;-

Barwale et al. (2004) concluded that: The benefits of Bt cotton in India are in line with

those enjoyed by farmers worldwide who have cultivated Bt cotton. The area under Bt

cotton cultivation is expected to increase it is likely that an area of 500,000 hectares

will be covered by 2005, leading to increased production and reduced costs in an

environmentally favorable manner. This will positively affect the livelihood of millions

of small farmers by improving their net incomes. 

Bt cotton is undoubtedly the most extensively studied cotton variety today. Rigorous

scientific studies conducted in India and abroad demonstrate that Bt cotton and its

products are safe for the environment, humans, animals, and agriculture. In fact, the use

of Bt cotton is a positive step towards environmental protection because it makes

possible the reduction of the insecticide load in the environment and reduces handling of

such chemicals by farmers. This reduced use of insecticides will enhance the

effectiveness of biological controls and implementation of Integrated Pest Management

(IPM) programs. The higher farm income observed in the experiments has now been

demonstrated by the large-scale use of Bt cotton by Indian farmers, and the

incorporation of the gene is proving an effective and environmentally friendly plant

protection tool resulting in greater cultivation of Bt cotton in the coming years. The

cotton trade is looking forward to the productivity and quality benefits of Bt cottonseed. 

Efforts are being made to incorporate another gene (Bollgard II) to improve efficacy and

postpone possible resistance problems. As newer products are approved in the regulatory

system, it is likely that farmers will have greater choice to plant hybrids according to

market quality requirements. 
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Table ( 19): Projection of Bt cotton planting area in India (hectares).  

Hybrids
2002/03 2003/04 2004/05

Area %a Area %a Area %a

MECH-12 292 0.01 80,000 1.66 80,000 1.66

MECH-162 25,274 0.52 160,000 3.33 160,000 3.33

MECH-184 12,472 0.25 28,000 0.58 40,000 0.83

New hybridsb 40,000 0.83 280,000 5.83

Total 38,038 0.78 92,000 6.40 560,000 11.65

a % = percentage of area under hybrid cotton. Percentages are based on the

present total of 4.8 million hectares of hybrid cotton area in India. b New

hybrids will be made available only on the approval of the Ministry of

Environment and Forests. Figures for new hybrids also include the sales figures

of the hybrids developed by the sublicensees. 

7- The major advantage of Bt cotton38:

CICR report (2005) showed the major advantages of Bt cotton as follows:-

1. The Bt cotton has inbuilt genetic resistance to bollworms and is very effective in

controlling the yield losses caused by bollworms to a considerable extent (Rummel et al. 

1994, Flint et al. 1995, Bacheler and Mott, 1996). The resistance is governed by a single

dominant gene.

2. Use of Bt cotton recues use of pesticides resulting in reducing the cost of cultivation. 

3. It results in improvement of yield levels and also improves margin of profit to the

farmers. 

4. It provides opportunities to grow cotton in areas of severe bollworm incidence.

38 - CICR report (2005). 
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5. It promotes ecofriendly cultivation of cotton and allows multiplication of beneficial

insects i.e. parasites and predators of bollworms (Fitt et al. 1994, Luttrell and Nerzog, 

1994).

6. It also reduces environmental pollution and risk of health hazards associated with use

of insecticides because in Bt cotton the insecticides are rarely used. An average

reduction of 3.6 sprays per crop season has been reported in Bt varieties as compared to

non-Bt. 

8- Risks and Potential Impacts of Bt cotton on Human Health:-

CICR report (2005) showed the risk and potential impact of Bt cotton as follows:-

In the United States, the impacts of Bt cottons to human health have been investigated

and approved prior to their use by the U.S. Food and Drug Administration (FDA). FDA

is making this review mandatory prior to use and is establishing guidelines for voluntary

labeling. Australia, Office of the Gene Technology Regulator, which coordinates

assessments from the relevant health and environment authorities, also has robust

regulatory requirements. Other countries and international groups do similar reviews

prior to approval. Safety assessment of Bt cotton on human and animal health is science

and risk-based and has focused on the following:

A detailed understanding of the biology of cotton, including the uses of the

products derived from cotton. 

A biochemical characterization of the introduced proteins, estimation of the levels

of the protein in the important plant products, and a detailed assessment of the

safety of the introduced proteins. The safety assessment includes: (1) a history of

safe consumption of the proteins by humans or animals;(2) any prior animal

toxicity testing of the proteins; (3) results from the field and lab safety studies to

assess the allergic effect, toxicity and digestibility of the expressed proteins, and

(4) assessment of the dietary consumption of the proteins by humans and animals

of cotton products. 
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A determination of any unintended effects on the quality traits of the crop as a

result of the insertion of the genetic material or the resulting protein expression. 

The concep

concept included multiple location trials of agronomic characteristics and plant

morphology, fibre quality, and nutritional components of the cottonseed oil and

meal. These nutritional composition studies include proximates (protein, fat, 

carbohydrates, ash moisture and calories), fatty acid, spectrum, amino acid

spectrum, and gossypol. Additionally, the equivalence of cottonseed oil and meal

was also determined. 

Feeding studies with cottonseed or cottonseed meal were conducted with rats or

other animals to determine any adverse health or behavioral effects. 

Review and testing of cotton products used in medical and personal hygiene

products and food. 

CICR report (2005) showed that: Changes at the molecular level can be

made to produce a particular compound that could trigger actions extremely

important for the cotton industry. For instance, researches in the private and

public sectors after many years of research developed a system which would case

the plant to produce only infertile seed. This technique was named the

Technology Protection System (TPS) and it means that farmers had to buy seed

every year. TPS could be used not only with GE cotton but in other varieties too. 

The plans to commercialize TPS have been withdrawn, in part, because of public

objections of the technology. GE could be used to produce genetic characteristics

that might be objectionable by some farmers because of their traditional

approaches to seed use and /or production practices. Even before GE cotton

became available, fears were expresses that insects could develop resistance to the

toxin produced by the Bt gene. Now it is almost universally accepted that insects

will eventually develop resistance to the toxin, thus, measures have already been

adopted to delay the development of resistance. The potential for resistance to
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develop in the target insects also means there is a need to routinely reengineer

cotton with new genes that will produce toxins with different modes of action. 

CICR report (2005) pointed out that:  Currently, only two types of GE cottons involving

three different genes have been commercialized and neither demonstrates any interaction

with other genetic material in the cotton plant to produce deleterious effects. But, such

interactions are not impossible.

A review of all safety information indicates that Bt cotton does not pose any different

risk to human or animal health than conventional cotton. Each of the proteins introduced

into Bt cotton commercialized to date has been shown not to require a tolerance level by

the U.S.

CICR report (2005) mentioned that: Environmental Protection Agency (EPA). This

means these proteins are considered sage for human or animal consumption. Tolerance

set by the EPA establish allowable, safe limits of pesticides in food (i.e. cottonseed oil)

and feed (i.e. cottonseed, cottonseed meal, cottonseed hulls). Additional approvals for

the use in food and feed of products derived from Bt cotton have been obtained

following scientific review in Japan, Australia, Argentina, South Africa, Mexico,

Canada and China. Scoured and bleached cotton, as it is used for medical and personal

hygienic products as well as for chemical products, does not contain DNA or protein

from a transgenic plant.

9- The Impacts Of Bt applications on the Environment:-

CICR report (2005) reported that: In the U.S., the U.S. Department of Agriculture

(USDA) is responsible for field testing of all agricultural biotechnology crops. USDA

evaluates whether a technology could pose a threat to plant or animal health. The U.S.

Environmental Protection Agency (EPA) has regulatory authority for crops such as Bt

cotton, which claim pesticidal properties (i.e. pest-protected plants). EPA regulates (40

Code of Federal Regulations part 152.20) environmental exposure to these crops to

ensure there are no adverse effects to the environment, non-target insects, and other
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organisms (e.g. microbes, earthworms and nematodes).EPA has announced that they

will amend these regulations on the oversight of biological control agents by the end of

2000 to clarify how they regulate genetically engineered plant pesticides. Other

countries and international groups conduct similar reviews prior to approving the use of

Bt cottons. 

The impact of Bt cotton on the environment has had science and risk-based assessments

that have focused on the following components:

1- Agronomic performance of all new cotton varieties is typically assessed through

field observations to determine morphology, yield, lint quality, plant growth

characteristics, and susceptibility to diseases and insects. These factors were all

unaffected by the insertion of genetic material, except for the targeted differences

in the proteins produced and the commensurate yield increases as an insect

consequences. 

2-  An assessment of the biology of Bt plants for pest or weediness potential relative to

conventional cotton includes the potential for cross-pollination to weedy relatives, 

dormancy and germination changes, and overwintering potential. The inserted genetic

material in these cotton products behaves as any other DNA that is transferred to

progeny through Mendelian inheritance. For gene flow to occur via normal sexual

transmission, certain conditions must exist; the two parents must be sexually compatible, 

their periods of flowering must coincide, a suitable pollen vector must be present and

capable of transferring pollen between the two parents and resulting progeny must be

fertile and ecologically fit for the environment in which they find themselves. Wild

propulations of G.hirsutum are relatively rare and tend to be widely dispersed. Most

grow in non-agricultural areas. Cotton is normally considered a self-pollinating crop, but

can be cross-pollinated by certain insects. However, the possibility of cross pollination

of the introduced genes from Bt cotton to other Gossypium species or to other plants of
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the same family is extremely low to nil for the following reasons and has been

confirmed in cross-pollination studies. 

(i) Upland and Egyptian / Pima cotton has 52 chromosomes and is incompatible with

cultivated or wild diploid cotton species having 26 chromosomes, and, therefore, cannot

cross and produce fertile offspring. 

(ii) Although cross pollination to species having 52 chromosomes can occur,

commercial cotton production generally does not occur in the same geographical

locations where wild relatives are found. For example, cross pollination to

G.tomentosum in Hawaii is possible, but no commercial cotton is grown in Hawaii. 

(iii) There are no identified species outside the cotton family that are sexually

compatible with cultivated cotton. 

3-As assessment of impacts on non-target insect species has been conducted. Testing

was conducted with the Bt protein due to its insecticidal properties. A large amount of

testing has been conducted on the sprayable Bt products with demonstrated safety to

non-target organisms. These results were confirmed for Bt cotton. The insects tested

represent major insect classes and included adult and larval stages of honeybees, green

lacewing, ladybird beetles, and parasitic Hymenoptera, as well as common soil

organisms, earthworms and springtails. The absence of toxic effects in the non-target

organism studies, even at the protein (Cry 1 Ac) levels considerably above the maximum

predicted environmental exposure, demonstrate that Bt protein would not have adverse

impacts on these and related non-target organisms. Additional field observation studies

of impacts of Bt cotton on nontarget organisms have shown increases in populations due

to the reduction in non-specific pesticide use. Research with Bt the reduction in non-

specific pesticide use. Research with Bt cotton on the persistence of these toxins, and

their possible ecological and environmental effects in soil, demonstrated that the protein

(Cry 1 Ab) is released in root exudates from Bt  corn grown in the lab and in natural soil

in the field. However, no significant difference was observed in the amount of toxin in
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the soil between Bt corn and non-Bt corn, nor was there any effect on soil microbes, 

earthworms and nematodes, which are non-target species. The field study on the effect

of Bt pollen on monarch butterflies showed that the concentration of Bt pollen adhering

to milkweeds (the staple food of the larvae) within a few (1-5) meters of corn fields was

typically too low to cause mortality of even small monarch caterpillars that might be

present during pollen shed. Due to its large particle size (90-100 microns), most corn

pollen deposits stay within the cornfield .Cotton pollen is in the same size range as corn

pollen, however, cotton pollen is spiny and never transported by wind as corn is. Cotton

pollen leaves a flower only when harvested for food by bees, and these are unaffected by

Bt proteins. Non-target Lepidopteran larvae are not exposed to Bt proteins. Non-target

Lepidopteran larvae are not exposed to Bt toxins from Bt cotton away from the plant

itself.

Any larvae that forages on the cotton is, by definition, a target pest. Adult butterflies and

moths may visit a cotton field for nectar, but they do not eat pollen and nectar contains

no protein. 

4-Am assessment of the environmental fate of the introduced proteins has been

conducted. Soil degradation of the protein (Cry 1 Ac) alone or in cotton tissue was

studied under both lab. and field conditions, each showing rapid elimination of

insecticidal activity in the soil, which was comparable to half-lives reported for

microbial products. 

Based on the low levels of environmental exposure to the introduced proteins and the

data generated in the environmental safety assessments listed above, there are no

anticipated adverse effects on the environment nor have any been reported since the

introduction of Bt cotton in 1996 in any country where it is cultivated. Indeed, the most

significant impact on the environment from the use of Bt cotton involves many of the

benefits of the technology, such as reduced pesticide use.
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CICR report (2005) summarized the effect of Bt cotton on the health of animals, poultry, 

human and environment as follows:-

1. The feeding of Bt cotton seed to animal has not been reported to have any adverse

effect. 

2. Seed of Bt cotton and its cake do not have any adverse effect on digestion of animals. 

Moreover, no allergic or toxic effect of use of Bt cotton seed and meal has been

reported. 

3. The oil extracted from the seed of Bt cotton has not been found to have any adverse

effect on human health. 

4. No adverse effect of Bt cotton has been reported on non target beneficial insects so

far.

5. The possibilities of cross pollination of Bt cotton to other species of Gossypium are

nil to negligible because the Bt gene has been inserted in upland cotton (2n=52) which

cannot outcross with cultivated or wild diploid cotton species (2n-26).

6. It can also not outcross with tetraploid wild species such as G .tomentosum which are

found either in cultivated areas or extremely isolated species gardens maintained at

different research institutes. 

7. The upland cotton in which Bt gene has been inserted does not have cross

compatibility with outer genera of the family of Malvaceae.

8. No adverse effect of Bt cotton on the environment has been reported by any of the

countries where Bt cotton is commercially cultivated

10- The Benefits of Bt Cotton39?

CICR report (2005) mentioned that: The introduction of Bt cotton has provided growers

with a new tool for managing bollworms in cotton. Numerous benefits of this

technology accrue to the grower, the global cotton industry, and society on many levels-

economic, environmental and social. These benefits include direct benefits, such as

39 - CICR report ( 2005 ) . 
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reduced pesticide use, improved crop management effectiveness, reduced production

costs, improved crop management effectiveness, reduced production costs, improved

yield and profitability, reduction in farming risk and improvement opportunity to grow

cotton in areas of severe pest infestation. Indirect significant benefits of the technology

include improved populations of beneficial insects and wildlife in cotton field, reduced

pesticides runoff, air pollution and waste from the use insecticides, improved farm

worker and neighbor safety, reduction in labour costs and time, reduction in fossil fuel

use and improved soil quality. 

The most significant benefit of biotech cotton to date has been the reduction in

insecticidal usage for the control of certain bollworms. Numerous studies, conducted

across the United States and in Australia, China, Mexico and Spain, have demonstrated

an overall reduction in sprays for Lepidoptera pests. The number of spray reduction

ranges from 1.0 to 7.7 sprays per crop season. An average reduction of 3.6 sprays per

crop has also been proved by large scale DBT testing of MAHYCO of hybrids in India

in 2000-2001season. 

Seven academies of science from around the world (the Royal Society of London, the

U.S. National Academy of Sciences, the Brazilian Academy of Sciences, the Chinese

Academy of Sciences, the Indian National Science Academy, the Mexican Academy of

Sciences and the Third World Academy of Sciences) issued a report, Transgenic Plants

and World Agriculture, in July 2000 spelling out the promise of agriculture

biotechnology to alleviate hunger and poverty in the world. The paper urges

governments to base their decisions regarding biotechnology on sound science and

indicates that it will be critical to use the best science to make wise choices with respect

to these technologies. It was pointed out that public health regulatory systems need to be

put in place in every country to identify and monitor any potential adverse human health

effects of transgenic plants, as is the case for any new plant variety. Likewise,

environmental concerns must be addressed against the agricultural technologies

currently in use that cause environmental problems. Procedures that most nations
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already have in place to approve the use of new crop plants could serve as the model for

a more formal risk-assessment process. Also the report, Genetically Modified Pest-

Protected Plants: Science and Regulation, published in April 2000 by the U.S. National

Aca

unique hazards exist either in the use of recombinant DNA techniques or in the

introducing recombinant DNA engineered organisms into the environment should be

based on the nature of the organism and the environment into which it is introduced, not

CICR report (2005) reported that: The initial commercial GE cotton crops are designed

primarily to deal with pests. To the extent that they reduce overall pesticide use, they

reduce the potential for collateral damage to non-target species, including humans. Even

if the effect of the technology is merely to substitute one pesticide for another, the net

effect might be to reduce negative environmental consequences. 

11-Future Thrusts40

CICR report (2005) mentioned that: The genetic resistance is the cheapest and the most

efficient method of protecting crop plants from pests. The Bt transgenic cotton with

inbuilt genetic resistance to bollworms will help in protection of natural enemies of

insect pests i.e. predators and parasites. It will also help in reduction the cost of

cultivation by reducing the use of pesticides. Moreover, it will reduce environmental

pollution and health hazards caused by pesticides usage. Transgenic cottons with Bt

endotoxin protein does reduce expenditure on insecticides and create eco-friendly

environment without reduction in yield. The future research work on Bt transgenic

cottons needs to be directed towards following thrust areas:

1. Through widespread cultivation of Bt transgenic cotton, the main risk is development

of insect resistance against Bt toxin. Hence, multiple sources of resistance should be

40 - CICR report (2005). 
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identified and used in developing bollworm and herbicide resistant Bt transgenic cottons

to avoid the risk of developing insect resistance and herbicide resistant weeds. 

2. Recently, some transgenic Bt cotton hybrids have been released for commercial

cultivation in India. The seed of these transgenic hybrids is very costly. The price of

seed is Rs.1600/- for a packet of 450 g. which cannot be afforded by small and marginal

farmers. Hence, there is need to provide Bt transgenic seeds at cheaper rate, which can

be afforded by small and marginal farmers. 

3. Cotton crop also suffers from abiotic stresses such as drought and salinity. There is

need to develop Bt transgenic cottons with resistance to drought and salinity conditions. 

4. In case of hybrids, the farmer has to purchase fresh seed every year at a very high

cost. Hence, efforts should be made to develop Bt transgenic straight cotton varieties, 

the seed of which can be used by the farmers for 3-4 years. 

5. Cotton is a fiber, oil and protein yielding crop. There is need to improve the quality of

proteins and oil through genetic engineering besides fiber quality improvement. 

6. Besides, Bt gene, several other genes can be used in future for developing resistant

genotypes of cotton to various insects. For example, cholesterol oxidaze gene from

Streptomycetes fungus can be used for developing boll weevil resistant genotypes. 

7. The spider and scorpion venom genes can also be used for developing insect resistant

genotypes of cotton. 

8. The Helicoverpa armigera stunt virus contains three genes which attack midgut of

Heliothis and ceases its feeding. 

9. Protease inhibitor gene from cowpea, soybean and rhizomes of African Taro are being

used for development of transgenic cotton. 

10. Diploid cottons cover about 25% of cotton area in India. Hence there is need to

develop transgenic Bt varieties and hybrids of diploid cotton. 
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