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Technical Seminar 2012
The Technical Seminar at the 71st Plenary Meeting held 
in Interlaken, Switzerland from October 7-11, 2012 was 
held on the topic ‘Intellectual Property Rights and the Role 
of Private Breeders.’ Six researchers from six different 
countries presented papers. The publication is available for 
free down load at  http://icac.org/publications/publication-
catalog?pub=pubdetail.php?id=P0000055.

Regional Network Meeting
The 11th Meeting of the Inter-Regional Cooperative Research 
Network on Cotton for the Mediterranean and Middle East 
Regions was held in Antalya, Turkey from November 5-7, 2012. 
All papers presented at the meeting are available at http://icac.
org/papers/papers-technical-information/communication-

among-researchers/interregional-cooperative-network-on-
cotton-for-the-mediterranean-and-middle-east-regions.

ICAC Books
ICAC has lowered the price of the book Cotton: Technology 
for the 21st Century from US$180 to US$100. The book 
has 16 chapters, each contributed by highly respected and 
internationally recognized authors from across the world. The 
book Cotton Facts is still sold at US$50 plus shipping. Send 
orders to publications@icac.org or visit the ICAC web page 
htpp://.icac.org. 

ICAC Researcher of the Year 2013
Applications will be accepted from February 1 to March 31, 
2013. For more information visit http://icac.org/technical-
information/researcher-of-the-year.

Frequently Asked Questions About  
Biotech Cotton II

The bollworm complex caused more damage to cotton 
than any other group of pests during the 1980s and the first 
half of 1990s. Insecticide use had reached its peak in many 
countries and the consequences of insecticide resistance had 
also become evident in cotton producing countries, big and 
small. The only exception to the impact of bollworms was in 
the Americas and, more particularly, the Central American 
countries, where the greatest damage was not attributable to 
the bollworm, but to the boll weevil, Anthonomus grandis. 
The US boll weevil eradication program proved to be effective 
and was expanding to the west, but the Central American 
countries could not afford to continue increasing the use 
of insecticides to control that pest. Ultimately, the Central 
American countries succumbed to the combined impact of 
the high cost of insecticides and the consequences of frequent 
spraying. The environmental impact was, of course, a concern. 
However, at that time, the cotton industry was not as aware 
as it is today, after having witnessed the disastrous effects 
of insecticide use. So, the cessation of cotton production in 
Central American, showed how destructive resistance to 
insecticides could be, and the bollworm complex emerged 
as the major threat to cotton production. There could not 
have been a more suitable moment than the early 1990s for 
the introduction of a new technology, such as biotech cotton. 
The pesticide industry could not cope with demands from the 
field, even though target-specific pesticides employing softer 
chemicals were soon to be introduced, along with measures to 
avoid the resistance problem.
According to ICAC data, in 2011/12 biotech cotton was 
planted on 65% of the world cotton area. Biotech cotton 
accounted for 69% of global production and 64% of the 
cotton traded internationally that same year. Biotech cotton 

is still commercialized in only 12 countries, and most of 
them have already reached their peak in terms of area planted 
to such varieties. Unlike Australia, South Africa and the 
US, the countries in the process of adopting biotech cotton 
are not expected to devote 90-95% of their cotton area to 
biotech varieties. There are only a few countries expected 
to commercialize biotech cotton within the next few years. 
The rate of adoption, in terms of the number of countries, has 
certainly slowed, but this has nothing to do with the promise 
of the technology. This issue and other related questions 
are discussed herein. (This article supersedes the article 
‘Commonly Asked Questions about Transgenic Cotton’ 
published in the June 2002 issue of THE ICAC RECORDER.) 

What is the Correct Term for 
a Product Developed Using 
Biotechnology?
Biotechnology is a science and it is a very broad field that can 
encompass various techniques, not only for the transformation 
of living organisms but also for a great many other uses. The 
techniques used and products developed may be different, 
but in every case there must be a living organism involved in 
the improvement of another living organism. Biotechnology 
is also defined as the application of scientific and technical 
advances in life sciences to the development of new products. 
Biotechnology is not limited to genetic engineering, tissue 
culture, DNA studies, and the like; it applies to a much broader 
field and its possibilities are still far from being exhausted. 
Neither is biotechnology limited exclusively to transgenic 
plants, as the transfer of genes may take place within species, 
among species or across species. It is true that the early 
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products developed through biotechnology, particularly in 
cotton, were transgenic and genetically engineered, which 
means that cross-species genes were used and recombinant 
DNA technology was employed selectively to develop insect-
resistant and herbicide-tolerant cotton varieties. Cotton 
products developed using biotechnology have been saddled 
with so many incorrect names, including GMO cotton, 
genetically engineered cotton, transgenic cotton and Bt cotton. 
But none of these terms encompasses the sort of product 
that is not genetically modified, genetically engineered, or 
transgenic and does not carry a Bt gene. It is true that no such 
product is on the market yet, but it may very well be developed 
and commercialized soon. The International Cotton Advisory 
Committee constituted an expert panel in 2003 comprising 
nine members, mostly researchers. The Expert Panel published 
a report in November 2004 wherein they commented that 
the implementation of the tools of modern biotechnology is 
resulting in an expanding number of products best described 
by the term ‘biotech.’ The term ‘biotech cotton’ covers all the 
currently available biotech varieties and also leaves a margin 
for the new products hopefully to be developed through 
biotechnology. ‘Biotech cotton’ is the right term and since 
2004, ICAC has encouraged its use by the cotton community. 

Does Biotech Cotton Have a  
Higher Yield Potential? 
Insect-resistant and herbicide-tolerant biotech cottons have 
specific objectives. The addition of a non-hirsutum gene 
(responsible for producing a specific toxin) from soil bacterium 
Bacillus thuringiensis in no way enhances the genetic ability 
of a plant to produce higher yields than its otherwise isogenic 
line. The inherent ability of the plant to produce buds, flowers 
and bolls remains the same as in the case of an isogenic line 
without the Bt gene. The same is true in herbicide-tolerant 
biotech cotton. Whether genetic potential can be improved 
through biotechnology is not at all certain. Yield is the most 
attractive character in cotton as well as in other agricultural 
crops, but there are no reports of successful work that might 
directly improve the genetic ability of the plant to give higher 
yields. The non-determinate nature of the cotton plant even 
makes it difficult to achieve yield-enhancing features devised 
through biotechnology. 

Cotton Yields in India Increased by 
Over 80% in Five Years: Was it All 
Due to Biotech Cotton?
India commercialized biotech cotton in 2002/03, when the 
average yield was 302 kg/ha. The average yield in India 
increased to 554 kg/ha in 2007/08, an 83% increase in only 
five years. Of the 12 countries that have commercialized 
biotech cotton, none has achieved more than a 25-30% 
increase since adopting biotech cotton. Many reports about 
India, local and international, assigned all the credit to 
biotech cotton, but the fact is that a number of other factors 

also contributed to increases in yields in India. Cotton yields 
in India were stagnant for about 15 years, and the main 
reasons for low yields were poor adoption of technology and 
ineffective control of insects. India had reached a stage where 
cotton farmers were losing the economic viability of cotton 
production. Insecticides were used, but not as recommended 
by experts, and this led to mixed results. Poor insecticide use 
was rooted in poor extension services. 
The Government of India recognized the problem and 
launched its Technology Mission on Cotton. There were four 
components, some focused on research and ginning, but the 
most expensive component focused on transfer of technology. 
The project required that grants provided by the Federal 
Government were to be matched by the state governments. 
The Federal Government provided so much money that state 
governments were not able to draw down the full amounts of 
the grants. Those cotton growers, who had already reached 
a level of sophistication, were assisted by the technology 
mission to improve future. Having been so low and stagnant 
for over 15 years, cotton yields in India, unlike in other 
countries, had a broad margin for increase. None of the other 
countries adopting biotech cotton at that time was in a similar 
situation. So increases in yields over the short span of 6 years 
reflected the combined effects of many factors, including the 
introduction of biotech cotton. 

Where Does Yield Improvement, if 
Any, Come From in Biotech Cotton? 
The genetic ability of the plant to produce higher yields 
does not improve with biotech cotton, and yet, the literature 
provides abundant references to higher yields achieved with 
biotech cotton varieties compared to non-biotech varieties. 
Cotton is vulnerable to a number of insect pests, and huge 
losses may occur if the plant is not sprayed with protective 
chemicals. The losses due to pests are directly proportional to 
the pest pressure in the field. Insecticide applications minimize 
losses due to insect pests but do not completely eliminate 
them. Currently, most countries follow the pest threshold 
method, and insecticide applications are recommended when 
the specific pressure threshold or level for a particular pest has 
been reached. Each threshold is a level or stage at which the 
benefits of using an insecticide are greater than the cost of the 
insecticide and its application. But at this stage, the plant, or 
its fruiting forms, have already suffered at least some damage, 
particularly in the case of a bollworm attack. Biotech cotton 
has no threshold for the target pest. The toxin is present in the 
plant even if there is not a single bollworm larva in the field. 
Thus, the use of insect-resistant biotech cotton eliminates 
or minimizes the pre-threshold losses that occur prior to the 
initiation of insecticide applications. 
The situation in the case of herbicide-tolerant biotech cotton 
is similar, but slightly different. Pre-emergence use of 
herbicides kills weeds at a very early stage, thus avoiding 
any competition with the cotton plant for nutrients and water. 
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When growers employ manual or mechanical removal of 
weeds, they start weeding operations only when they actually 
see the weeds in the fields. Herbicides must not be sprayed on 
non-biotech herbicide-susceptible cotton and tractors cannot 
be taken into the fields for weeding. Neither is it feasible to 
remove grown weeds manually or with small implements. 
Consequently, when post-emergence herbicides are used, 
herbicide-tolerant biotech cotton (e.g. Roundup Ready Flex) 
has a clear advantage over non-biotech herbicide-susceptible 
cotton. 

What Other Effects do Biotech 
Genes Have on Yield-Related 
Performance? 
In the case of insect-resistant biotech cotton, the increase in 
yield, if any, depends on the reduction of losses due to insect 
damage even after the application of the usual pest control 
measures. The maximum increase in yield becomes apparent 
when a biotech variety is compared with a conventional variety 
grown under unsprayed conditions. When conventional 
fields are sprayed in a timely and effective manner against 
target pests, a biotech variety may produce only a minimal 
increase in yield, or none at all. In a non-biotech crop, the 
increase in yield is a direct indication of how precisely insect 
control practices have been followed. Insect-resistant biotech 
cotton usually produces early boll setting, thus changing the 
whole plant phenology. Yield may remain the same as in the 
non-biotech variety, but the location of bolls on the plant is 
different in biotech cotton. More bolls are formed closer to the 
main stem. Biotech varieties may also mature earlier than the 
isogenic non-biotech varieties. 

Does a Biotech Variety Require 
Different Agronomic Treatments?
Early boll retention and more numerous bolls can change the 
plant’s needs and drive it to reach its ‘cutout’ stage earlier, thus 
resulting in early crop maturity. Early fruit load, coupled with a 
heavier fruit load, might limit access to the supply of nutrients 
needed for normal growth, thus leading to smaller plants and 
lower yields, which, in turn can compromise the usefulness 
of a biotech event. To overcome this potential problem, when 
adopting biotech varieties, growers must introduce changes 
into their conventional agronomic practices. The critical 
factors that will ultimately determine farmers’ decisions are: 
cropping systems and varietal suitability to early or delayed 
planting. If cotton is grown in a one-year rotation with fallow 
lands and there is no urgency to vacate fields by a certain 
date, it makes no difference whether the crop is planted early 
or late. But when cotton follows a different crop and there 
is not enough time between the harvest of the previous crop 
and the planting of cotton, a 2-3 week delay might provide 
the extra time needed to prepare the land properly for optimal 
germination of cotton. Similarly, the interval between the 
cotton harvest and planting of the following crop might affect 

the yield of the latter. Certain varieties may not be suitable for 
late planting at 2-3 weeks, so they must be planted at the right 
time, irrespective of whether they are biotech or conventional. 
Lastly, delayed planting may not affect yield, but late planting 
of a biotech variety can affect fiber quality. This will, in effect, 
preclude delayed planting by weeks. 
On the other hand, the other options could be to lower or 
increase fertilizer dosage to affect maturity, yield and quality. 
The studies conducted in Australia tested two options: delayed 
planting and larger plant stand. The results proved that biotech 
cotton (Bollgard II) had higher boll retention across all sowing 
dates and population stands. The Bollgard II variety produced 
lower yields when it was sown at a delay spread of four 
weeks. Total fruit retention was only affected by the number 
of plants per unit area with closer spacing producing fewer 
fruiting points. In all the trials, later sowing dates for non-
Bollgard II varieties consistently produced lower yields. The 
decline in yield was linear (from the optimal planting date to 
later planting). It is not surprising that with Bollgard II as well 
as with the non-Bollgard variety, fiber length and micronaire 
were affected by the time of sowing. The data showed that 
with the delay in sowing dates micronaire decreased while 
fiber length increased. Fiber strength was not affected by 
variety or sowing dates in any of the experiments. The data 
showed that sowing of the Bollgard II variety can be delayed 
by a few weeks without affecting its yield or its fiber quality. 
Conversely, delayed sowing of a conventional variety can 
result in lower yields due to reduced fruit retention. There was 
also no evidence of yield losses with the Bollgard II varieties 
at any population density as compared to the non-Bollgard 
II variety. The experiments conducted showed that growing 
Bollgard II varieties also requires changes in agronomic 
practices in order to achieve the maximum benefits of the 
technology. 

What is the Role of Biotechnology in 
Conventional Breeding?
The cornerstone of conventional breeding is to have or to 
create genetic variability in the population for the purposes 
of selection and hybridization. If there is very little or no 
variability in the population, opportunities for breeders to 
improve their population will be severely limited. This is 
why most breeding programs around the world are becoming 
increasingly concerned about having to work with a narrow 
genetic base. Minimal exchange of germplasm among 
countries, coupled with legal prohibitions against the transfer 
of biotech genotypes are the main factors responsible for the 
narrowing of the genetic base. Biotechnology has a huge 
potential to create non-existent traits and variations. Insertion 
of such special traits/events into promising genotypes for 
the purpose of commercial use will involve conventional 
breeding. Crossing and backcrossing will always require 
professionals to make certain that the new features have 
been efficiently and accurately transferred to the new 
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genotype. When the science of genetics was born, breeders 
tried to understand how specific characters could be inserted 
in the shortest possible time and without losing any of the 
other benefits of the recipient parent. As the inheritance of 
characters became better understood, scientists found ways to 
speed up the breeding process and make it more precise and 
reliable. With the advent of biotechnology, the precision and 
reliability of the process has entered a new era of gene tagging 
and marker assisted breeding, but the objective is the same. 
Biotechnology will always require screening the segregating 
generations, in the case of a new trait, and backcrossing, in 
the case of transferring unique preexistent genes to another 
variety. Development of a pure and superior genotype 
utilizing the variability created by biotechnological methods 
is no different from the principles followed in conventional 
breeding. Thus conventional breeding and biotechnology are 
complementary. 

Do Biotech Genes Have an Impact 
on Fiber Quality?
Just as in the case of yield, biotech genes, singly or stacked, have 
no impact on the genetic ability of the plant to produce better 
or poorer fiber quality. In the early years of the introduction 
of biotech cotton in the USA, there were a number of reports 
that showed stagnation, or even lower fiber quality in the crop. 
The issue was quickly analyzed and found to be related to 
the period during which new varieties were released. During 
the late 1990s, all-out efforts were focused on converting 
existing varieties into biotech varieties, and these effects 
slowed the release of new varieties. As soon as the variety 
release process picked up to a more normal pace, fiber quality 
concerns automatically disappeared. As shown above, biotech 
genes can change the location of bolls on the plant. Early boll 
setting and higher bolls formed on the first positions can have 
an impact on fiber quality. In the literature, both features are 
reported to impact quality positively in the form of mature 
and stronger fibers, and early maturity may certainly result 
in higher micronaire values. Cotton genotypes with improved 
fiber quality can be developed and it has long been hoped that 
biotech cotton with improved quality characteristics will be 
developed. When it will be developed and what feature will be 
improved remains uncertain. Quality improvement may not 
even involve a gene from soil bacterium. 

What Are the Expected Benefits of 
Biotech Cotton?
The primary objective of insect-resistant biotech cotton 
is guaranteed control of target insects and, in the case of 
herbicide-tolerant biotech cotton, protection of the plant 
against damage when herbicide is sprayed over the crop. 
Furthermore, better insect control through biotoxins has the 
potential to bring additional advantages in the form of lower 
production costs (due to reduced insecticide use), higher 
yields (due to better insect/weed control), better grade/quality 

(due to less bollworm damage resulting in less spotty cotton), 
better biological control and other benefits under specific 
growing conditions. The only common benefit, which in the 
long run is more significant than all the others, is the reduction 
of the environmental impact. 
•	 Cost	of	Production
 Back in 1994/95, the ICAC Survey on the cost of 

production of cotton showed that, on the basis of world 
averages, of the 93 cents it cost then to produce a kilogram 
of lint, 21 cents (i.e., 23%) were spent on insecticides. 
Twenty-one cents on insecticides was almost as much as 
the harvesting costs and greater than the cost of any other 
single input or operation needed to produce a kilogram 
of cotton. The ICAC survey is undertaken every three 
years, and the latest data for 2009/10 showed that only 14 
cents (12%) out of US$1.22 were spent on insecticides 
to produce a kilogram of lint. Insecticides are expensive 
and biotech cotton, along with other components of IPM, 
definitely contributed to lower insect control costs in the 
world. Herbicide-tolerant biotech cotton is grown on a 
much smaller area than insect-resistant biotech cotton, 
and the cost of weeding has increased by almost three 
fold during the same period mentioned above. The 
current cost of weed control and fertilizers stands at 23% 
each, thus making it imperative to find ways to lower the 
cost of weeding and fertilizing. Rising production costs 
per kg has become a major concern in the last few years 
because cotton yields have stopped increasing. The world 
average yield in 2007/08 was 793 kg/ha and since then 
it has fallen. ICAC estimates for the next few years also 
indicate that the average world yield will not be greater 
than 765 kg/ha. Pest pressure and the number of sprays 
needed per season to control target pests, plus the cost 
of pesticides, weighed against the cost of technology 
fees, will determine the extent of savings on the cost 
of production. However, if the target bollworms do not 
become a major threat in a particular country or in a given 
season, and a grower has already paid the technology fee, 
savings on the cost of production might even be negative. 

•	 Higher	yield
 The yield issue has been discussed in detail before. 

Biotech cotton should not be planted exclusively to 
improve yields. The overriding consideration and the 
primary objective must continue to be pest control.

•	 Improved	biological	control
 The biotech toxin in insect-resistant cotton is harmful to 

insects having mid-gut receptors. The toxin is not harmful 
to natural predators and parasites, and a reduced use 
of disruptive pesticides will facilitate the development 
of populations of beneficial insects in the fields. IPM 
involves a multidisciplinary approach that minimizes the 
use of dangerous chemicals allowing them to be applied 
over long periods of time. According to one of the first 
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definitions of IPM, “The IPM program ... [gives] farmers 
the tools to make their own informed decisions, so they 
do not waste their resources, risk their health, harm their 
crops, or damage the environment.” Biotech cotton fits in 
the system perfectly as a strong component of IPM.

•	 Better	grade
 Color grade is determined by the degree of reflectance 

(Rd) and yellowness (+b). Reflectance indicates 
brightness and the yellowness of cotton depends on the 
degree of color pigmentation. Many factors can affect the 
color of cotton, including rainfall (particularly after boll 
opening), frost, fungi and contamination with trash, but 
the most important factor affecting yellowness is spotting 
due to bollworm damage. Production of spotted cotton 
is directly proportional to bollworm damage in the field. 
Biotech cotton is reported to yield a better grade due to 
lower bollworm damage. 

•	 Environmental	safety
 Global warming and environmental pollution are 

detrimental to the environment. The use of chemicals 
for plant protection, measured in terms of dollars spent, 
has been on the decline for many years. Cotton’s share 
of plant protection chemicals has declined at a faster rate 
than that of other crops, but in absolute terms, cotton still 
consumes more pesticides than other field crops. 

What About Targeted Insects 
Developing Resistance to  
Biotech Cotton? 
Helicoverpa armigera, Pectinophora gossypiella and 
Helicoverpa zea are the three major bollworms affecting cotton 
and they are known by different names in different regions 
and circumstances. For example, H. zea is also common 
on other crops where it is known by different names: corn 
earworm, on corn; sorghum headworm, on sorghum; soybean 
podworm, on soybean; tomato fruitworm, on tomato, and 
others. This wide range of hosts, together with the sequence 
of crops on which the biotech toxins are used to target insects 
over a single growing season, have a meaningful influence 
on possible development of resistance to the biotech toxins 
expressed in Bollgard and Bollgard II cottons, and in other 
biotech crops. This polyphagy creates seasonal developmental 
scenarios where a limited number of generations may not 
be exposed to the transgenic toxins. The use of similar Bt 
toxins in biotech corn, soybean and cotton subjected target 
pest populations to multiple selection exposures within 
any given year. Commercialization of more biotech crops 
carrying the same Bt genes is only going to increase the risk 
of developing resistance to the toxins. In 2005, an alternate 
dual-gene technology known as WideStrike™ became 
available from Dow AgroSciences. While varieties with 
Bollgard II® or WideStrike™ technology provide very good 
control of caterpillar pests, they do not offer 100% control of 

bollworms. If dual gene technologies such as Bollgard II® or 
WideStrike™ had not been introduced, most of the targeted 
insects would have developed resistance to the single Cry 
1Ac gene. In the beginning, refuge requirements were strictly 
recommended and generally followed in most countries. Since 
then, refuge requirements have been relaxed, in some cases, 
and amended in others, based exclusively on field experience. 
Whatever measures may be undertaken, the target bollworms 
still have the potential to develop resistance to the toxins in 
biotech insect-resistant cotton. Refuge requirements, stacked 
genes and various other strategies will be necessary to delay 
the development of resistance. 

What About Weeds Developing 
Resistance to Herbicides?
Herbicide-tolerant biotech cotton has gone through four 
important developmental stages. 
• The first herbicide-tolerant biotech cotton was approved 

for commercial production in the USA as BXN™ in May 
of 1995; that was even before the insect-resistant biotech 
cotton. The BXN™ gene that conferred resistance to 
the herbicide Buctril (bromoxynil) was “nitrilase” from 
Klebsiella pneumoniae subsp. ozaenae. Buctril™ 4EC 
(Bromoxynil) herbicide and the patented BXN™ cotton 
system allowed growers to effectively control commonly 
occurring broadleaf weeds in cotton from emergence 
until 75 days before harvest. Nitrilase gives cotton the 
ability to metabolize the bromoxynil herbicide while the 
weeds will normally be killed in 2-3 days. BXN™ could 
be sprayed together with Buctril compounds a maximum 
of three times from emergence up until 75 days before 
harvest. 

• The second stage came with Roundup Ready® biotech 
cotton, approved for commercial cultivation in the USA 
in 1997/98. The mode of action of glyphosate lay in 
the inhibition of an enzyme (5-enolpyruvylshikimate-3 
phosphate (EPSP) synthase), which is a key catalyst in the 
production of aromatic amino acids. The use of Roundup 
on Roundup Ready® cotton increased broad-spectrum 
weed control, minimized competition from hard-to-
control annual and perennial weeds, and simplified weed 
management. 

• The third stage was LibertyLink® herbicide-tolerant 
cotton from Bayer CropScience, approved for commercial 
cultivation in 2004. LibertyLink varieties were resistant to 
Ignite herbicide also called Liberty®, Finale® and Rely®. 
The chemical name for Ignite is glufosinate ammonium, 
so any chemicals containing glufosinate ammonium may 
be sprayed over the top of the cotton plant until 70 days 
prior to harvesting. 

• Roundup Ready® Flex biotech cotton, approved in 
2006/07, is the fourth and latest stage in herbicide-
tolerant biotech cotton. 
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The first report on the development of resistance to herbicides 
by weeds was published over half a century ago, so the fact that 
a weed developed resistance to a herbicide (in biotech cotton) 
was no surprise to researchers. There are many reports on the 
inception of resistance but the development of resistance by 
Palmer amaranth to glyphosate has been confirmed. As a 
post emergence chemical herbicide, glyphosate controls only 
emerged weeds and does not stop new weeds from emerging. 
This means that multiple applications of chemicals are 
required to have season-long weed control. Initially, Roundup 
Ready biotech cotton limited the use of glyphosate products 
to only the four-leaf stage, which means that only a limited 
number of applications could be made in a single season. A 
much wider window, in the form of Roundup Ready Flex, 
paved the way for multiple applications of glyphosate, which 
meant more frequent use of the same chemicals in a single 
season and the ensuing likelihood of faster development of 
resistance. A number of other weeds have already developed 
resistance to glyphosate and a few more are on the verge of 
reaching the resistance stage. Thus the risk of resistance is 
very serious and must be dealt with through an alternation of 
chemicals with different modes of action. 

How Can Resistance in Weeds Be 
Delayed or Avoided?
Multiple applications of a particular chemical, whether it 
is an insecticide or a herbicide, will inevitably increase the 
chances for development of resistance. It is apparent that more 
serious efforts have been made to avoid the development of 
resistance by insects/bollworms that attack insect-resistant 
biotech cotton. One psychological reason behind this is the 
lesson learned from insecticide use on normal cotton. Certain 
insects were notorious; certain chemicals were more liable to 
develop resistance in insects, and certain practices in the use of 
chemicals favored the development of resistance. Insecticide 
use is more popular than herbicide use and, therefore, 
researchers and farmers had a greater amount of experience 
in handling resistance in insects. Now we have the herbicide 
resistance problem. It is here and it can be dealt with only 
by attacking it with the full arsenal of techniques available: 
alternating herbicides with different modes of action, using 
the minimum number of applications of any one herbicide 
per season, mixing herbicides with different modes of action 
(when possible), opting for short-residual-effect herbicides, 
rotating crops with different growth seasons, planting crops 
with different registered herbicides and, by not entirely 
eliminating tillage from the production system.

Are Biotech Cottons Safe 
in the Long Term?
By now the cotton industry has 17 years of experience with 
large-scale commercial production and marketing of biotech 
cottons. It was claimed by biotech companies that the proteins 
in the currently available insect-resistant biotech cotton have 

a history of safe use. Most of the alleged negative impacts 
have proved untrue, or cannot be authenticated on science-
based facts. However, reports of the consequences of using 
cry genes still persist. The resistance problem was perceived 
even prior to the introduction of biotech cotton, but the fear 
that a bacterial gene residing within the cotton genome could 
have consequences has proved unsubstantiated so far. Earlier 
reports about excessive boll shedding in biotech cotton (in 
the USA) were also unrelated to transgenes. The reports have 
shown that biotech genes interact with different varieties 
differently and their effectiveness is dependent on growing 
conditions -- true for any biological trait -- but nevertheless 
an indication that consequences could be different in different 
production systems. 
There has not been any trade impediment for countries 
producing biotech cotton. Australia and Burkina Faso export 
most of their production and have encountered no evidence of 
market bias against products emanating from biotechnology. 
But this does not mean that all biotech products are entirely 
safe and there is absolutely no guarantee that future biotech 
products will perform satisfactorily on a par with currently 
commercialized biotech events in cotton. Without any 
monitoring of instances of misuse, biotechnology can 
potentially lead to the development of products that may have 
short-term benefits, but long term negative consequences. 
While a new gene or event that has been thoroughly tested 
and approved in one country will probably have minimal 
implications elsewhere under similar production conditions, 
newer genes/events definitely require extensive testing, 
including testing with respect to environmental impacts. 

What New Products Can Be 
Expected to Be Released in  
the Next Five Years?
ICAC estimates that 37% of the world cotton area lacks 
assured irrigation and that the 63% that is irrigated also suffers 
from irregular and/or insufficient supplies of water. It is often 
the case that irrigation water is not available on time for 
optimum water uptake and timely application of fertilizers. 
Assured availability of irrigation water in sufficient quantities 
and when it is needed can boost the world cotton yield by 
about 30%. It is estimated that the world average yield under 
irrigated conditions in 2009/10 was 881 kg lint per hectare, 
compared to 631 kg/ha under rainfed conditions. A lot of 
work has been done to identify plant parameters that impact 
water requirements and use, but exhaustive research efforts 
to develop drought tolerant varieties through conventional 
methods have not been successful. Reports show that Monsanto 
has received regulatory approval for its ‘DroughtGard’ corn, 
a variety that contains the first genetically modified trait for 
drought resistance. DroughtGard is expected to reduce the 
water requirements of the corn plant and minimize the impact 
of drought on yield, thus helping to avoid losses. Once the 
technology is commercially released for corn, it will pave 
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the way for general adoption in cotton. The target of research 
efforts should be equal performance under irrigated and non-
irrigated conditions. 
The other new technology that is considered to be close to 
commercialization is nitrogen-use-efficient cotton. Nutrient-
use efficiency can be defined in many ways but, in cotton, it 
may be defined as yield of seedcotton per unit of fertilizers/
nutrients applied. Similarly, nitrogen-use efficiency in 
cotton might be calculated as a function of kilograms of 
seedcotton produced per kilogram of nitrogen applied. 
Nitrogen applications are always required and the most 
important challenge in this regard is matching the nitrogen 
needs of the plant as accurately as possible. The plant’s need 
for nitrogen changes with crop growth, so both excessive 
and insufficient applications of nitrogen can have a negative 
impact on yield. Nitrogen-use efficiency will depend on the 
ability of the plant to efficiently take up nitrogen from the 
soil and effectively transport, store, mobilize and use it inside 
the plant. Ultimately, nitrogen-use-efficient cotton can even 
benefit the environment, as it would be able to make better 
use of naturally available nitrogen and help lower the doses of 

nitrogen application without affecting yields. In other words, 
the impact of nitrogen deficiency stress would be minimized. 
But increased yields and reduced nitrogen application rates 
are only two of the benefits. Other advantages of nitrogen-
use-efficient cotton would be: reduction of the impact on 
climate change (reduced CO2 emissions), less freshwater 
contamination, less toxification and acidification of soils, as 
well as reduction of the nutrient content in the soil which leads 
to oxygen scarcity. 
It is believed that both technologies are in what Monsanto 
describes as phase 3 or phase 4, the advanced development 
and pre-launch stages, respectively. 
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Cotton Varieties Planted in the World
There are very few regions or states in the world where only 
one variety is allowed or recommended for cultivation by all 
farmers. Growers always demand more varieties, and in many 
countries of the world, the varieties legally approved and 
allowed for cultivation make up a long list. It is highly unlikely 
that all varieties will have the same agronomic features and 
requirements, and these differences can have an impact on 
fiber quality. It is not possible to keep production segregated 
by variety, certainly not under small-scale production 
systems where each farmer cultivates one hectare of cotton 
or less. Mixing lint from many varieties definitely increases 
variability and lowers the uniformity ratio of the 
fiber. And yet, many varieties are recommended 
for commercial cultivation within a given region 
or area. In some countries, the number of varieties 
recommended for a given area may be as great as 
15 to 20, and sometimes even greater. 
There are countries where varieties are registered 
and formally approved for commercial cultivation. 
In some cases, approved varieties are never 
deregistered, thus adding to the list of approved 
varieties, including those that may have gone 
out of cultivation decades before. In these cases, 
termination of a variety occurs only when seed 
companies stop producing planting seed of that 
particular variety. The present article looks into all 
of these issues. 

Cotton Varieties Grown in the  
United States
There are easily 10 or more brands of seed-variety suppliers in 
the US, and each one has many varieties that are grown in the 
same area and at the same time. In the US, cotton is planted 
in the south, from the east coast to the west coast. Some 
brands are more popular in one region than in others. There 
are brands that are not grown in some regions in certain years. 
Cotton areas by brand name are shown in the table below. 

Brands and Varieties Planted in the USA - 2012/13

Brand Area in Percent No. of Varieties Planted in 2012/13

Deltapine 28,20 20
Bayer CropScience - FiberMax 24,50 24
Phytogen 18,40 10
Americot 11,20 12
Bayer CropScience - Stoneville 10,00 6
All-Tex 4,70 13
Dyna-Gro 2,40 6
Croplan Genetics 0,20 3
Bronco 0,12 1
Concho 0,05 1
    Total: 96

Source: Cotton Varieties Planted 2012 CropAgricultural Marketing Service - Cotton Program, USDA
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