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Introduction

The first article in this issue of THE ICAC RECORDER is on
micronutrients with emphasis on boron. Boron is required in
only a small amount in cotton but plays an important role in
root tip development, synthesis of DNA and RNA, and elonga-
tion of the pollen tube, in addition to influencing many other
interactions like the conversion of nitrogen and carbohydrates
into more complex substances such as proteins. Deficiency
symptoms can be seen in the form of inhibition of cell division
in apex tissues. The growing tip may remain alive but show
wilting and even chlorosis of younger leaves. Boron does not
move in the plant, thus there is a need for a continuous supply.
Boron can be applied with fertilizers or in insecticide sprays.
There is a need to monitor the boron level in soil, as an exces-
sive supply of boron from high-boron irrigation water or ex-
cessive fertilizers could be toxic.

The second article is on genetic engineering, currently the hot-
test issue in cotton production. It is estimated that about 2.6
million hectares were grown under genetically engineered cot-
ton in the world during 1998/99. In addition to Australia and
the USA, Argentina, China (Mainland), Mexico and South Af-
rica have gone into commercial production of transgenic cot-
ton. Though there is a fee for the technology, many countries
are ready to pay for the sake of avoiding insecticide applica-
tions and are conducting trials. So far, no deleterious effects of
the Bt gene on plants have been noticed except two early in-
stances, which are considered to be exceptions. There are many
more applications for genetic engineering, but there is no on-
going work yet on yield improvement through gene level ma-
nipulation.

The third article is on the ultra narrow row cotton production
system in the USA. It is estimated that about 40,000 hectares

were planted under ultra narrow row (UNR) spacing (7-10
inches row-to-row spacing) in the USA during 1998/99. UNR
planting can shorten the growing season, lower the cost of pro-
duction and improve yield and quality under certain conditions.
UNR technology is not a new concept but with the changes in
production practices in the form of chemical weed control and
application of growth regulators, the need for reevaluation of
UNR technology has increased. Effects of UNR production on
ginning, spinning and weaving have to be studied. Many other
aspects of the UNR system are discussed in this article.

The Dialog search of the Agricola database on boron in cotton
is also included at the end of the publication.

Meetings

® The 7" Meeting of the Latin American Association for Cot-
ton Research and Development (ALIDA) will be held in
Santa Cruz, Bolivia, from November 23-27, 1999. The Na-
tional Association of Cotton Producers (ADEPA) of Bolivia
will host the meeting. The meeting will include expositions
from countries in the region, country reports and discussions
on new technologies; however, the main emphasis of the
meeting will be on direct cultivation of cotton production.
More information on the meeting can be obtained from the
Technical Information Section of the ICAC or from the Co-
ordinator of the 7 ALIDA meeting at the following address:

Ing. Daniel Duran-Parada

Gerente Técnico

Asociacion Nacional de Productores de Algodén - ADEPA
Av. Cumavi No. 10

Santa Cruz, Bolivia

Phone: 591-3-466264-6
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Fax: 591-3-466267
Email: adepa@cotas.com.bo

® The C. T. Patel Memorial Trust at the Central Institute for

Cotton Research of the Indian Council of Agricultural Re-
search is hosting an international conference on Strategies
for Sustainable Cotton Production, in Nagpur, India, from
December 1-4, 1999. A major objective of the conference is
a collective introspection of cotton production, technologi-
cal and economic, and marketing issues, with a global part-
nership viewpoint in mind for making universally sustain-
able and, eventually, profitable cotton production a reality
of our times. The conference dates include a one-day field
trip to visit cotton growing and organic farming areas in
Nagpur and in the adjoining areas. A number of other 4-5
day tours are also planned following the conference. The
last date to receive abstracts of research papers is August 1,
1999. More information on the conference can be obtained
from the following address:

Dr. Raviprakash G. Dani

Secretary

C. T. Patel Memorial Trust

Central Institute for Cotton Research

Post Bag. No. 2, Shankarnagar P.O.

Nagpur 440 010, Maharashtra, India

Tel: 91-7103-75536 Fax: 91-7103-75529

E-mail: ctptcotcon@hotmail.com
rgdani@yahoo.com

® The ICAC/CFC project on Integrated Pest Management of

Cotton is concluding soon and a final workshop for the dis-
semination of project results will be held in Egypt during

Micronutrients with

It is estimated that on average one ton of cotton lint contains
approximately 100 kgs. of nitrogen, 16 kgs. of phosphorus and
60 kgs. of potassium. A chemical analysis of the cotton plant
indicates the chemicals or elements present in a crop at matu-
rity or when it is harvested. It is very important to know the
availability of nutrients in the soil for proper fertilization. The
cotton plant utilizes only a portion of the nutrients in the soil;
however, the availability has to be higher than the quantity of
nutrients removed by the plant. The important question in fer-
tilization is what quantity of which nutrient must be added to
the soil to fertilize the growing plant. Thus, whatever the target
yield may be, the two criteria used in fertilization are the quan-
tity of nutrients already present in the soil and the crop’s need
for a specific nutrient.

An optimum availability of nutrients in the soil is needed for
achieving target yields. But, even if the quantity of nutrients to
be added to the soil and the crop needs are properly determined,
other production factors including agronomic management may

October 3-8, 1999. Israel, Egypt, Ethiopia and Zimbabwe
collaborated in the project. While major funding came from
the Common Fund for Commodities, ICAC served as the
Supervisory Body for the project. The project undertook ex-
tensive studies on target-oriented environmentally compat-
ible pesticide formulations and equipment and methods for
their application, in addition to biological control of white-
fly and aphids. The primary objective of the workshop is to
disseminate research findings of the project for economical,
safe and effective control of insects. The workshop is open
to everybody. More information about the workshop can be
obtained from the following address and also accessed from
the ICAC web page at http://www.icac.org.

Mr. Gadi Forer

The Israel Cotton Production & Marketing Board Ltd.,
P.O.Box 384

Herzelia B’, 46103

Israel

Phone: 972-9-9509496

Fax: 972-9-9509542

Email: gadforer@cotton.co.il

® The 58th Plenary Meeting of the ICAC will be held in Charles-

ton, South Carolina, USA, from October 25-29, 1999. The
Technical Information Section of the ICAC will organize a
technical seminar on Fiber Quality Needs of the Modern
Spinning Industry and Advances in Ginning Research on
October 28, 1999. The TIS will update its database and re-
port on production practices for the 58" Plenary Meeting. In
addition, the Sixth Plenary Session of the meeting, also on
Thursday, October 28, will focus on Reducing the Cost of
Production.

Emphasis on Boron

still cause low yields. Timely application is also an important
consideration for the economical use of inputs, particularly fer-
tilizer nutrients. If yields are only partial in relation to large
amounts of fertilizers applied, many of the nutrients will be
carried over for use by the next crop. It is this carryover or
residual effect, from one year to the next, that makes heavy
fertilizer applications practical in the face of other limitations
to yield.

Even in the presence of good agronomic management, pest
control, timely irrigation, cultivation of high yielding varieties
and any other perfect growing condition, the application of all
required nutrients based on soil analysis cannot guarantee opti-
mum yields unless it is made in the form of balanced fertilizers.
The addition of one nutrient in excessive doses and the non-
application of another that may be required based on soil analy-
sis may affect the economics of the former nutrient. For consis-
tently balanced yields, fertilizer nutrients must be applied in a
balanced form.
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Nutrient Needs of the Plant

The cotton plant needs a variety of nutrients during the growth
period. Some nutrients are absorbed from the air and usually
go unnoticed though they may be even more important than the
ones applied through soil. Among nutrients applied through soil,
nitrogen is the most important and must be applied under all
circumstances and every year. The other two macronutrients,
phosphorous and potassium, could be applied as needed de-
pending on their soil availability. Soil or foliar application of
phosphorous may be required throughout the growing season
if its availability in the soil is not enough. But, in the case of
potassium, the latest research has shown that even if soil avail-
ability is more than enough, foliar applications may have a posi-
tive effect on yields. Potassium is picked up by the cotton plant
in excess amounts than actually required and stored in leaves.
As the plant enters into a boll maturation stage, the need for K
abruptly increases. Although the leaves quickly volunteer to
transfer K to maturing bolls, chances are that the transfer may
still be short of needs. This is particularly true under heavy boll
load for short stature plants with less foliage. High yields of
top-quality crops require an abundant supply of sixteen essen-
tial nutrient elements given below.

Secondary nutrients
include calcium
(Ca), magnesium
(Mg) and sulfur (S).
This trio of nutri-

Essential Nutrient Elements

Available
Form

Nutrient Symbol

Non-fertilizer elements supplied through

air, water and soil

ents, which may be

Carbon ¢ COz identified as “the
Hydrogen H H20 synthesizers,” pla
Oxygen o CO2,H20 Y. . play
a key role essential
Macronutrients requiredin lar ge amounts for plant growth and
Nitrogen N NOz-, NHa+ health. Th
Phosphorus P PO4 calth. ¢ cotton
Potassium K K+ plant takes up mag-
. o nesium and sulfur in
Secondary nutrientsrequiredin
moder ate amounts abom' . the same
Calcium Ca Cat+ quantities as phos-
Magnesium Mg Mg++ phorus, a major nu-
Sulfur S SOa4

trient. Calcium is re-

Micronutrients requiredin small amounts | quired in even

Boron B HBO.- greater amounts.
Chlorine c cl- Because micronu-
Copper Cu Cu++ . .
trients—an integral
Iron Fe Fet++, Fe+++
M anganese Mn Mt part of the plant
Molybdenum Mo Mo00s= growth system—are
Zinc Zn Zn++ required in small

quantities usually
sufficiently available in the soil, their deficiency may go unno-
ticed particularly under low yielding conditions.

Calcium

Calcium functions include the strengthening of cell walls to
prevent their collapse, enhancing cell division and plant growth,
protein synthesis, carbohydrate movement and balancing cell
acidity. Calcium deficiency in the soil affects the ability of the
plant to resist seedling diseases. A crop grown on calcium-de-

ficient soil has a short internode length, especially at shoot ter-
minals, and weak stalks. Also, stems may be rough and cracked.
Weak stems may give rise to slow growth and poor fruit set.

Magnesium

On average, magnesium is removed by the plant at a rate of 8.3
kg/ton of lint but it also leaches into the soil. Magnesium is
essential for the production of green pigments in chlorophyll.
Chlorophyll is essential for photosynthesis, the conversion of
sunlight into plant food (carbohydrate synthesis). Early symp-
toms of magnesium deficiency resemble nitrogen deficiency
symptoms: dark green plants often developing red and purple
colors, with stalks shorter and thinner if the deficiency takes
place in the late stages of growth. Magnesium deficiency symp-
toms can be easily confused with maturing leaf symptoms.
Magnesium deficiency symptoms show interveinal chlorosis,
chlorotic older leaves with veins remaining pale green. Leaf
margins become necrotic and may roll or curl. Symptoms may
also appear on younger leaves as deficiency progresses.

Sulfur

Sulfur is essential for the production of three amino acids that
are the building blocks in the synthesis of proteins. Soil or-
ganic matter is the primary storehouse of sulfur in the soil. Thus,
soils low in organic matter would suggest a possible need for
added sulfur. Sulfur is used by plants in the form of a sulfate
that is highly mobile in the soil even with percolating water.
The mobile nature of the sulfate ion precludes maintenance of
optimum sulfate levels in coarse textured soils with a low cat-
ion exchange capacity (CEC). In cotton, common sulfur-bear-
ing fertilizers are ammonium sulfate, gypsum, potassium sul-
fate and ammonium thiosulfate. All are sulfate forms and equally
available to the plant. Sulfur deficiency looks much like nitro-
gen deficiency: pale-green leaves on the upper part of the plant,
the only difference being that sulfur deficiency appears on new
growth first, while nitrogen deficiency appears on older leaves
first.

Molybdenum

Plants grown on soils deficient in molybdenum rarely show
any symptoms at an early stage. Recently matured leaves are
affected first with mild symptoms. As the plant grows, older
leaves show a pronounced effect. First, symptoms appear in
the form of small spots of dead tissue usually at tips and be-
tween veins, more marked at margins of leaves. Symptoms are
more common late in the growing season.

Zinc

Zinc deficiency symptoms are very specific but sometimes re-
semble those of calcium and boron. At the stage when the soil
becomes deficient in zinc, symptoms on new buds or new bud
leaves are more localized. In the case of an acute shortage,
terminal buds start dying following the appearance of distor-
tions at tips or bases of young leaves. Later growth is charac-
terized by a cutout appearance in affected plants.

Boron
Plants deficient in boron show a wide variety of symptoms,
depending upon the plant’s age, but the earliest symptom is
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failure of root tips to elongate normally accompanied by inhib-
ited synthesis of DNA and RNA. Such symptoms may not be
visible until cell division in the shoot apex and in young leaves
is inhibited. The growing bud may remain alive but it shows
wilting or chlorosis of younger or bud leaves, with or without
spots of dead tissue becoming apparent. An acute shortage of
boron may even result in the death of terminal growth and,
consequently, the lateral buds may develop chlorotic leaves.

Copper

One of the peculiar symptoms of copper deficiency is chloro-
sis, with or without spots of dead tissue scattered all over the
leaf. Chlorosis is less marked near veins, but affected areas
eventually become brown. Soils where copper deficiency may
be a problem are high organic-matter soils (more than 10%) or
sandy soils with a high pH value.

Manganese

Symptoms are similar to those in nitrogen deficiency. Leaves
become uniformly light green, followed by yellowing and poor
growth.

Role of Boron

Although some of the sixteen essential nutrient elements given
in the table on the previous page can be supplied through foliar
application, the soil is the main source of supply of thirteen
essential elements required by the cotton plant. The supply from
soil reserves is limited. The plant takes up all nutrients, which
must be supplemented in appropriate doses. In addition to the
boron effect on root-tip growth and synthesis of DNA and RNA,
boron also plays an important role in the elongation of pollen
tubes.

At white-flower day and even just before the flower opens, an-
thers shed pollen grains. Pollen grains must germinate on the
stigma and form a tube of desired length to reach the ovules.
Generative cells travel through the tube and are dispersed in
the vicinity of the ovules for their fertilization. Specificities of
the boron role in the formation of a longer pollen tube have not
been determined, but it is certain that if the pollen grain tube
fails to attain proper length, the flower remains unfertilized and
is ultimately shed. As a reproductive cell from a separate pol-
len tube fertilizes each ovule, tubes equivalent to the number
of ovules must reach the ovary. The number of pollen grains is
many times greater than that of the ovules, hence even if some
pollen tubes fail to form sufficient length, many others will be
able to reach the ovules to fertilize all. But if the plant seriously
lacks in boron supply, that can affect pollen growth, some ovules
may not be fertilized and thus result in lower yields and in-
creased motes. Sometimes symptoms may not be seen but, due
to less boll fill, boron deficiency may result in lower yields.

Boron influences the conversion of nitrogen and carbohydrates
into more complex substances such as proteins. Boron also plays
a role in the transfer of sugars within the plant and exerts a
marked influence on cell division, and helps in the formation
of certain membranes.

Boron Application

Boron deficiency is usually found in sandy soils with organic
matter less than 1.5%. Common forms of boron fertilizer in-
clude granulated fertilizer containing boron, borax (11 percent
boron), sodium tetraborate (14-20 percent boron), and solubor
(20 percent boron). It is recommended to apply one-third to
one-half of a pound of boron annually, particularly 1-2 years
after liming.

Solubor is the preferred source for foliar applications of boron.
One method that has worked well is the application of 110 grams
actual boron per hectare (680 grams solubor) applied four times
at weekly intervals beginning at pinhead square.

For cotton, apply 450 grams of boron per hectare in fertilizer
or insecticide spray in either one or several applications as long
as the total amount applied does not exceed 450 grams per hect-
are. Since boron is mobile in the soil, like nitrate, a blanket
recommendation is given with the assumption that at the begin-
ning of the cropping season most of the residual boron from
the previous year’s crop will have leached through the soil past
the root zone. As with copper, a tissue test will give the best
assessment of available boron.

Boron is almost entirely absorbed as boric acid. It functions in
plants in the differentiation of meristem cells. With boron defi-
ciency, cells may continue to divide, but structural components
are not differentiated. Boron also regulates the metabolism of
carbohydrates in plants. Boron is non-mobile in plants and a
continuous supply is necessary at all growing points. A defi-
ciency is first found in the youngest tissues of the plant.

Boron can be toxic and can result in as many problems as if it
were deficient. Toxic levels of boron are associated with high-
boron waters. This is true in many countries where instead of
adding boron there is a need to monitor its level so that it does
not exceed the tolerance limit. For example, in Israel, if there is
any concern with regard to boron it is not the deficiency but the
toxic effect of excess levels. In Israel, soils are naturally rich in
boron and, as cotton is irrigated from recycled sewage water
that contains 0.2 to 0.6 ppm of boron, a deficiency is not ex-
pected.

In Pakistan, trials on boron application have been conducted
for years with no effects on yields. Boron in the form of boric
acid was applied at the rate of 1.0, 2.0 and 3.0 kg/B/ha’1 at a
number of locations in the main cotton growing area. Boric
acid was broadcast and incorporated into the soil at the time of
preparing it for planting. The addition of boric acid increased
the soil boron level from 0.38 to 0.74 ppm. The boron level in
mature leaf tissues increased with its increase in the soil. Con-
trol plots indicated a level of 66 ppm of boron in mature leaves,
enough for normal growth and seedcotton yields. The addition
of boron did not affect yields, as soil availability was enough
for target yields. Detailed studies have also been conducted on
the number of bolls, number of seeds/boll, lint/boll and lint
percentage but no effects were found between control and
treated plots.
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In the USA, buffered foliar-applied boron and potassium were
evaluated under no-tillage conditions. Boron and potassium
were sprayed four times as unbuffered at the rate of 0.1 kg/ha
and 5 kg/ha respectively, alone and in combination. Same treat-
ments were repeated as solution buffered to pH 6.0 and 4.0.
Full foliar dose of potassium and boron was completed in four
applications in 10-gallons of water starting from bloom period.
Twelve treatments were repeated for three years from 1995
through 1997 in addition to normal fertilizer application of 90
kg/ha N and 33 kg/ha of phosphorous and potassium. Accord-
ing to Howard and Gwathmey (1998), no-tillage yields increased
by about 110 kg/ha in foliar treatments when compared with
the check. It was also found that buffered to pH 6.0 did not
increase yields compared to unbuffered, but buffered solution
to 4.0 pH-increased yields over buffered to pH 6.0.

Abaye et al (1998) studied the interaction of boron with vari-
ous nitrogen doses. Nitrogen was applied at the rate of 0, 33,
66, 100 kg/ha while boron was applied in nitrogen sub plots at
the rate of 0, 0.56, 1.12 and 2.24 kg/ha in foliar form. On the
bases of two-year data, it was concluded that N x B interaction
did not affect yields. As expected, nitrogen applications in-
creased lint yield but boron did not. On the contrary, while the
addition of lower doses of boron increased yield insignificantly,
there was a significant drop in yields with the addition of 2.24
kg/ha boron during both years (1996/97 and 1997/98). How-
ever, boron application increased leaftissue level over the con-
trol and initial boron level during both years. On the average of
two years, the addition of boron at the rate of 0.56 kg/ha, 1.12
kg/ha and 2.24 kg/ha increased leaf tissue levels to 51.3, 67.1
and 91.8 ppm respectively compared to 39.2 ppm at no appli-
cation of boron.

Some of the old work on boron in the USA showed that cotton
did respond to boron when gravel was supplied with the nutri-
ent. A nutrient solution having traces (<0.5ppm) to 25 ppm was
applied to cotton plants grown on gravel. Results indicated
(Howard 1986) that yield increased with the increase in boron
to 10 ppm, then decreased as boron was raised to 25 ppm. Ander-
son and Boswell (1968) applied boron at the rate of 0.45 kg/ha
and 0.89 kg/ha for three years as against no boron. The 0.45
kg/ha application increased the amount of seedcotton in the
first pick, thus showing a relationship between boron and earli-
ness in cotton.

Oosterhuis and Steger (1998) also studied nitrogen and boron
interaction and came to the conclusions drawn by other research-
ers. They applied nitrogen at the rate of 56 kg/ha and 112 kg/ha
while boron was applied as follows: (1) 0.56 kg/ha boron ap-
plied to the soil (2) 1.12 kg/ha boron applied to the soil fol-
lowed by three foliar applications at the rate of 0.45 kg/ha; (3)
2.24 kg/ha boron applied through foliar at different stages of
plant development as against no application of boron. The re-
sults indicated that three weeks after the first flower, soil+foliar
application treatments showed higher B in the plant. Due to
higher plant volume in the case of higher N doses, total B was
higher in high N treatment plots. Leaf tissue analysis showed
lower B in lower N doses compared to higher doses. Analysis

of fruiting parts (squares and bolls) indicated lower B concen-
tration in lower N doses.

Guertal et al (1998) tried various sources of boron fertilizers
and did not find any differences among them. Work is continu-
ing, although not much. New sources of boron fertilizers are
also coming up. In the USA, some states like Alabama, Geor-
gia, North Carolina and Virginia include boron in their stan-
dard recommendations.

Conclusion

The exact role of boron in plant nutrition is not fully under-
stood. It seems that boron is an essential trace element and plays
an important role in many operations within the plant. It is dif-
ficult to highlight the specific role of boron under a variety of
soil types. However, under most common conditions, a boron
deficiency is generally related to high rainfall areas as well as
areas irrigated for a considerable time with low boron surface
waters in light sandy soils. A separate boron analysis is needed
for certain suspect fields (low organic matter, excess lime, sandy
texture, partially filled bolls, severe fruit drop and/or delayed
maturity). Mid-bloom to heavy bloom is the time when lower
bolls are developing and the demand for boron is the highest.
Soil boron is 90 percent unavailable at this time because root
growth has all but stopped but, in case of a severe deficiency,
foliar applications can make up the difference. Boron is com-
patible and can be supplied with foliar applications of growth
regulators and/or insecticides.
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Genetic Engineering in Cotton

Genetic engineering of cotton is less than two decades old and
is talked about in every cotton-producing country of the world.
The need to induce non-cotton genes into the cotton genome
came as a result of the desire to find less expensive and envi-
ronmentally safe methods to control insects. When insecticides
came to be known and developed, they were quickly adopted
in many countries. Many producing countries started subsidy
programs to promote insecticide use at a faster rate. The two
main reasons for the fast adoption of insecticides and the in-
volvement of governments are effectiveness and cost. Insecti-
cides were more effective than other means to control insects
and the benefit-cost ratio is exceptionally high. In an effort to
control insects effectively and economically, the aftereffects of
injurious chemicals were forgotten. But soon many countries
started realizing the consequences in damage to the environ-
ment, resistance development, change in the pest complex and
a continuous increase in the number of sprays. Thus, research-
ers started exploring the means to get away from insecticides
without sacrificing effectiveness and low cost. Transgenic cot-
ton was found to be one such option.

Development of Genetically
Engineered Plants

Chromosomes carry desirable as well as undesirable genes, and
conventional breeding has the limitation of transferring the
whole set of chromosomes at the same time. When two parents
are crossed, depending upon the mode of inheritance, transfer
ofa particular character to the F, generation can be determined.
If the character is controlled by a single dominant gene, it is
certain that the character will be expressed to the F| generation
and the F, generation will segregate into 3:1; 1 homozygous
for the character, 2 heterozygous for the character and 1 ho-
mozygous for non-existent of the character. Though the objec-
tive for the target gene has been achieved in the first case, there
is no mechanism to recover all other genes of the recipient par-
ent. Genetic engineering provides a mechanism to add or de-
lete a single gene to and from a genotype.

Biotechnology can be defined as the use of biological organ-
isms or processes in any technological application. Genetic
engineering is a division of biotechnology related to altering
the properties of biological organisms. Genetic engineering al-
terations can be made at a single gene level. However, devel-
opment of a transgenic genotype involves identification of a
suitable gene capable of producing a particular characteristic
in the plant, isolation of such a gene and induction into the
target species. The three-stage developments have moved very
fast during the 1980s. According to Jenkins (1990), Agracetus
developed the first transgeniccotton plants reaching the field
testing stage. However, the transgenic plants that effectively
killed the bollworm in the laboratory failed to exhibit its effec-
tiveness under field conditions (Jividen 1996). Just a year later

Monsanto came up with another Bt gene that was capable of
controlling bollworms under field conditions. Now Monsanto,
the largest biotech company in the world, also owns Agracetus.
Recently, the company entered the cotton seed business, par-
ticularly with the purchase of Stoneville Pedigree Company.
Currently, Monsanto is offering Stoneville Pedigree Company
for sale and is in the process of acquiring Delta and Pine Land
Company based in Mississippi. Delta and Pine Land Company
is the largest cotton seed company in the world.

Following are important stages in the development of transgenic
cotton in the world:

1980 Work on transgenic cotton started

1983 First transgenic cotton plant was developed

1985 First transgenic plant was transferred to the
commercial side

1986 First field testing of Bt cotton

1993 First commercial demonstration trials (BXN)

1993  First regulatory approval for commercial production

1995 First commercial cultivation of herbicide
tolerant transgenic cotton

1995 Seed production for commercial adoption of
Bt cotton

1996 First commercial cultivation of Bt cotton

1997 First commercial cultivation of stacked gene

varieties, insect plus herbicide resistant varieties

Area under Transgenic Cotton

In the early 1990s, the ill effects of insecticide use became more
evident. Farmers who for many years had been hearing about
Bt cotton became impatient and wanted to have the technology
availed as early as possible. In this effort, some of the regula-
tory processing and field-testing were hastily completed. How-
ever, 1996/97 was the first time in history when Bt cotton was
cultivated on a commercial scale in the USA and Australia. Bt
cotton has been adopted faster than expected. It is estimated
that in 1998/99, 45% of the total cotton area in the USA was
planted to transgenic varieties.

The Bt gene derived from the soil bacterium Bacillus
thuringiensis is not equally effective against all bollworms. The
toxin produced by the gene Cryl A is most effective against the
tobacco budworm Heliothis virescens. However, the gene is
also quite effective against the cotton bollworm Helicoverpa
armigera and other bollworms, but is almost non-effective
against sucking insects. Thus, Bt cotton is not suitable for cul-
tivation in all countries and in all areas. In the USA, Bt cotton
is most successful in the Southeast, particularly Alabama and
the Delta region, where the cotton bollworm is a major pest.

Outside the U.S., Bt cotton was commercially cultivated in
Australia in 1997/98. During 1998/99, Bt cotton was commer-
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Cotton Varieties (by Gene Type) in the USA - 1998/99

BG +RR
3.6%

BG + BXN

Bromoxynil (BXN) 1.1%

5.8%

Roundup Ready (RR)
17.0%

Conventional
54.6%

Bollgard (BG)
17.9%

TRANSGENIC COTTON AREA

IN THE USA
Million Ha
4
3
2
1
8,000 ha
0
1995/96 1996/97 1997/98 1998/99
Transgenic Cotton Area C,lally grown 1n Arggn-
1998/99 tina, Australia, China
(Mainland), Mexico and
Country Hectares South Africa. These
Argentina 8,000 countries have not yet
Australia 80,000 developed their own
China (Mainland) 52,000 commercial varieties car-
M exico 40,000 .
South Africa 12,000 rying Bt genes and they
have to rely on either

Monsanto or Delta and Pine Land Company to provide
transgenic varieties.

It has been confirmed in the USA, after many years of research,

in Greece also. Thus Spain and Greece may be the next coun-
tries adopting Bt cotton. Trials are almost near completion in
Zimbabwe, which may also be planting Bt cotton in 1999/00.
Trials are proceeding in Colombia, Bolivia, Brazil, El Salva-
dor, Greece, India, Israel, Paraguay and Thailand.

Technology Fee

Transgenic cotton is not available for free. Commercial pro-
duction of Bt and herbicide tolerant varieties is conditional on
a fee to be paid to owners of these genes. The ability of the
cotton plant to tolerate herbicides over the top of the plant and
the plant’s ability to produce a specific toxin are heritable char-
acters. Once such resistant genes are inducted into the cotton
plant they are automatically transmitted to the next generation.
Farmers can keep the seeds and use them year after year. In the
USA and Australia, this has been avoided through agreements
signed with farmers that prohibit the storing of seeds for next
year and also the transfer of seeds to other growers.

Agreements with biotech companies may or may not have been
abused and illegal transfer of seed may or may not have taken
place but there is a potential threat that it might happen, which
could affect the recuperation of research and development costs
by biotech companies. Chances are that the technology could
be leaked to other farmers and countries without payments by
growers receiving the advantages of these traits. After almost
five years of research, the USDA and Delta and Pine Land
Company have developed a technology called “Technology
Protection System (TPS) which produces infertile seeds.” TPS
is a clever three-gene system that forces plants to produce a
toxin that is fatal to their own seeds, compelling farmers to buy
new seeds every year. A detailed note on the system was pub-
lished in the March 1999 issue of THE ICAC RECORDER.

The TPS varieties are still a few years away but there has been
a lot of criticism about the impact of the self-seed sterility sys-
tem. It is perceived as exploitation of poor farmers, particu-
larly in small farming communities. Monsanto is inclined to
revisit the issue before the commercial release of TPS variet-
ies.

The technology fee is higher in Australia because farmers will
save more on insecticides. In 1997/98 a Value Guarantee Pro-
gram was introduced, whereby farmers would be compensated
if they spent more on Bt cotton compared to conventional in-
secticide spraying. The Value Guarantee Program ensured that
if the cost of the technology fee minus thirty Australian dollars

that the Bt gene in cotton has no deleterious effects
on the plant. It does not have any adaptability prob-

lems either. But, before a variety is brought into com- | Transgenic Cotton 1996 1997 1998
mercial production in any country, it requires experi- US$/ha US$/ha USs$/ha
mentation of that variety under local conditions. Tri- | gt cotton 80 80 80

als on transgenic varieties have been completed in | BXN cotton - 15 Free

Spain, which are ready to go for commercial produc- | Roundup Ready - 12 = Stripper varieties 17 = Stripper varieties

tion. If a transgenic variety is cultivated in Spain, the
variety approval procedure permits it to be cultivated

Bt + Roundup Ready

Technology Feefor Transgenic Cotton in the USA

22 = Picker varieties
101

20 = Picker varieties
101
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Bt Cotton Area and Technology Fee
in Australia
Y ear AreaLimit Technology Fee Area
(%) US$/ha Hectare
1996/97 10 147 38,000
1997/98 15 131 64,000
1998/99 20 112 80,000

were more than the cost of conventional spraying, Monsanto
would compensate for the additional expenditure.

Concerns to the Industry

In the last three years some issues related to the effectiveness,
impact of non-cotton genes, etc., have come up for the consid-
eration of owners of the technology and of public researchers.
Two of these issues which have become most important—mal-
formation/shedding of fruit in Roundup Ready cotton and de-
velopment of resistance to Bt toxin—are discussed here.

Since the cultivation of herbicide tolerant transgenic cotton
started in 1995, a number of farmers in the USA reported prob-
lems with the Roundup Ready varieties in 1997/98. The com-
plaint was localized to Mississippi and so far restricted to only
one season. The common observation was that the Roundup
Ready transgenic cotton showed abnormal boll shedding and
in some cases bolls were deformed or partially filled. Monsanto
critically analyzed the issue and concluded that there is no prob-
lem with the technology and the ability of the non-cotton gene
to produce a specific enzyme for interference in the pathway of
amino acid production. Extremely abnormal low temperatures
during May and June and spraying of herbicide even after the
four leaf stage were determined to be responsible for the ex-
cessive shedding. Since then, the company has advised farmers
not to spray Roundup Ready on the cotton plant after the four-
leaf stage. The company’s conclusions have been supported by
no abnormal effects during 1998/99.

Along with the introduction of Bt cotton for commercial scale
production, fears spread that insects could soon develop resis-
tance to the Bt toxin. Such observations have sound technical
reasons. Once a Bt gene is inducted into the cotton plant, the
toxin is produced throughout the plant’s life regardless of
whether bollworms attack. All generations of a particular boll-
worm will feed on the plant and could quickly become immune
to the toxin, just as insecticides that are sprayed only a few
times during the fruiting period. And if the toxin is present in
the plant all the time, insects have a higher chance of develop-
ing resistance quickly. Developers of the insect resistant
transgenic cottons admitted the fact and recommended plant-
ing of refuges. Farmers were given two options:

® For every 100 hectares of Bt cotton, 25 hectares of conven-
tional varieties (not containing the Bollgard gene) should be
planted. The non-Bt variety area would be treated with any
insecticide except foliar Bt products.

® Planting of 4% of the total Bt area to non-Bt varieties. No
bollworm control insecticides should be used on this area.
Monsanto would provide a list of prohibited insecticides but
sucking insects could be controlled with any insecticide.

Either recommendation could be adopted, which would help to
delay the development of resistance. Growers could use both
options to allow maximum flexibility. The objective was that
the susceptible population would cross with the population feed-
ing on varieties having the Bollgard gene and consequently a
hybrid population would be produced, prolonging the devel-
opment of a pure resistant population. The approach seems to
be working as there are no reports of resistance development
yet.

Bt Cotton and Organic Production

Organic production requires the elimination of conventional
synthetic pesticides and fertilizers. Under high insect pressure,
the elimination of insecticides results in extremely low yields.
Thus, some areas having high insect pressure, particularly boll-
worms, may be unfit for organic production. It was hoped that
Bt cotton varieties would become an integral component of
organic production and help to promote organic production.
But environmentalists have been able to convince authorities
in Europe and the USA that it is not environmentally safe to
grow genetically engineered varieties. Consequently, organic
cotton is not considered environment friendly. According to
the U.S. Environmental Protection Agency, it has been offi-
cially decided that Bt cotton cannot be certified as an organic
cotton even if it were grown under organic conditions.

As the system works, the currently available Bt gene, called
Bollgard in the USA and Ingard in Australia, produces a spe-
cific toxin injurious to lepidopteran insects. But the mecha-
nism of herbicide tolerance is different from toxin production.
The mode of action of glyphosate lies in the inhibition of a
particular enzyme synthase, which is a key catalyst in the pro-
duction of aromatic amino acids. Animals do not produce aro-
matic amino acids and are not affected by glyphosate. Accord-
ing to Stewart (1991), resistance to glyphosate has been achieved
by two pathways, over production of an enzyme and enhanced
insensitivity of the enzyme to the herbicide. Calgene, Inc. has
developed lines of cotton resistant to glyphosate from a gene
extracted from the soil bacteria Klebsiella ozeanae. The gene
codes for the enzyme, which removes the nitrile atom from the
compound and thereby detoxifies it. The mechanism of resis-
tance to Roundup Ready does not involve production of any
toxin either.

Resistance to insects through production of toxin within the
plant body is one aspect of genetic engineering. There could be
many more applications of genetic engineering that may not
require toxin production and may be even simpler than herbi-
cide resistance. Such genotypes may include colored cotton or
the improvement of a specific fiber character. These transgenic
genotypes could be perfectly fit for organic production but now
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they will also be prohibited in organic production. Bt cotton
has been debarred from organic production but still would be
an important component of integrated pest management pro-
grams.

Yield Improvement

Considerable work is proceeding on various aspects of the cot-
ton plant but none is continuing on the improvement of yield,
though yield improvement has been and still is the primary plant
character to be improved. The need to improve the genetic ability
of the plant to give higher harvestable yield increases with the
current stagnation in yields. In most countries, the agronomic
management of the plant, including pest control and optimum
utilization of other inputs, irrigation water and fertilizers has
reached near optimization. On the other hand, cotton genetics
has reached a plateau in terms of producing new varieties with
higher yield potential. Breeders have made substantial contri-
butions in order to devise a plant most suitable to growing con-
ditions and thus avail the maximum genetic ability of the plant.
There are limitations to realizing the maximum ability of the
plant and those limitations vary in nature according to growing
conditions. Given the limitations in various countries, high yield-
ing as well as low yielding, a significant improvement in yield
seen in the last 4-5 decades is not expected. Though expensive
but alternate methods of pest control are available in the form
of insecticides, these are also being researched further with
heavy investments to make them more target specific, less dam-
aging to the environment, etc. Yet, most of the genetic engi-
neering at this time is focused on improving agronomic charac-
teristics of plants. End-use level products are not yet available
but are expected to be available soon. There is no work on
yield improvement even in the offing.

Why is no work being done on yield improvement? Tomorrow’s
plan may include boosting the genetic ability for bearing higher
number of bolls but there is no such indication at this stage.
The following factors may be responsible for the lack of any
work on yield improvement.

1. Yield is a quantitatively controlled multigenic character
and it is difficult to work with such a complex character.

2. The three most important components ofyield are boll num-
ber, boll weight and ginning outturn. The number of bolls
and boll weight, the primary characters to measure the ge-
netic ability for yield, are influenced so much by growing
conditions that genetics seems to be playing a secondary
role. Even if the means are developed to boost productiv-
ity, the influence of growing conditions cannot be elimi-
nated and certainty cannot be achieved, unlike toxin pro-
duction in the plant.

3. The inheritance of yield is not properly understood, which
handicaps biotechnologists to initiate work on yield im-
provement.

4. The morphological behavior of the cotton plant results in
the production of many flower buds of which only a small

part is realized as productive yield. The potential for higher
yields exists. Although there may be no need for increas-
ing the upper limit, there is a need to increase the lower
limit.

What is Next?

Currently, only three types of transgenic cottons are available
for commercial production: Bt resistant to lepidopteran insects,
cotton resistant to glyphosate (BXN) herbicide and cotton re-
sistant to Roundup Ready (RR) herbicide. Combinations of
these became available for commercial production in 1998/99.
Genetic engineering has provided an opportunity to move to-
ward directed breeding. What genetic engineering can contrib-
ute to the development of cotton in the world is probably be-
yond imagination at this stage. In the future, breeders and
biotechnologists might be able to construct genotypes of their
own choice. There will be a choice to pick and choose genes
for meeting specific needs. Conventional breeding will not be
eliminated but its role will change.

Not only are insecticide costs high but the availability of the
appropriate gene and its expression was also a reason that in-
sect-resistant transgenic cotton was developed first. But now,
work is going on in various aspects of the cotton plant for very
specific objectives. The process of inducing foreign DNA into
the cotton plant has become more successful. Though there are
many ways to induct a new gene into cotton, agrobacterium-
mediated transformation and direct delivery of DNA with a gene
gun have been commonly used in various countries. Some va-
rieties like Coker 312 from the U.S. and Siokra from Australia
can be easily regenerated by agrobacterium mediated transfor-
mation compared to others. Researchers have to transfer genes
via these two varieties. But recent developments in the gene
gun method have made it more popular and successful. Now
hand-held gene guns are also available, which can be carried to
the field to shoot grown up plants with new DNA material.

According to Monsanto, three development stages in cotton
are

Agronomic stage — Like insect resistance and herbicide toler-
ance, other agronomic features of the plant could be improved
to include resistance to a variety of other insects and pyramid
resistance to any one insect.

End-use product stage — The plant system will be manipulated
to produce a specific product with a higher value like very strong
or long fibers, etc. Cotton in natural blue and other colors may
be available soon. Reports also indicate that it is possible to
produce cotton with polyester characteristics.

Biofactory stage — Cotton is grown now only for fiber produc-
tion, and the bulk of the material in cotton does not have an
economical use. Cotton sticks are incorporated back into the
soil or used as a fuel. Some other non-traditional uses have
been explored but are still not used on a commercial scale. Farm-
ers are not paid for 60-80% of their harvest from a cotton field
but only for lint. The cotton plant can be manipulated to pro-
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duce specific chemicals for medicinal purposes and the crop
value can be enhanced. No reports are available on the
biofactory nature of the plant utility but some work is going on
in this direction.
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Ultra Narrow Planting in the USA

Cotton can be planted by broadcasting seed or planting in rows.
Brazil, China (Mainland), India, Iran, Pakistan and Syria are
among the few countries in the world where cotton is still planted
by broadcasting seed, though only in a small percentage. Broad-
casting requires a high seed rate and results in an uneven plant
stand in the field; it is not possible to carryout intercultural
operations by mechanical means. If seed is not planted in rows,
a field can only be sprayed with small manual sprayers or by
aerial applications, not by using tractor sprayers that are one of
the most common methods of applying insecticides in many
countries of the world.

Most of the cotton in the world is planted in rows distanced at
76 centimeters (30 inches) or 102 centimeters (40 inches). The
approximate area planted in 76 cm and 102-cm row-to-row dis-
tances is given below.

Row to Row Spacing in Some Countries

Country Approximate Areain Percent
76 cm (30 inch) 102 cm (40 inch)

Bolivia - 100
Brazil 20 80
Greece 100 -
India 50 35
Iran 49 12
Israel - 93
Pakistan 100 -
Paraguay - 95
Spain 12 88
Turkey 100 -
USA 36 64
Uganda 30 50
Vietnam 90 -
Zimbabwe 5 85

In this table, if the planted area under 76 cm plus 102 cm rows
does not add to 100%, in most cases it means that the remain-
ing rest area is not planted in rows. However, irrespective of
row spacing, cotton may be planted on flat land or ridges. The
width of the bed in ridge planting may also be different in dif-
ferent countries. In Uzbekistan, the fifth largest cotton produc-
ing country of the world, cotton is not planted either at 76 cm
or at 102-cm row spacing. About 40% of total area is planted in
rows distanced 61 cm (24 inches), while 60% of the area is
planted at a row-to-row spacing of 91 cm (36 inches). In
Uzbekistan, 100% of cotton area is furrow irrigated. In the USA,
some cotton is planted at 81 cm (32 inches) and 96.5-cm (38
inches) row spacing, but it is considered to be 76 cm and 102
cm respectively.

Ultra Narrow Row System

In countries where all cotton or most of the area is planted at 76
cm, normal planting will be 76 cm. But, in the USA normal
planting is commonly done at 102-cm row-to-row spacing. Row
spacing ranging from 76 cm to 91 cm is called narrow row
spacing. Ultra Narrow Row (UNR) spacing refers to row-to-
row spacing of 25.4 cm (10 inches) or narrower, no matter what
the plant-to-plant distance is. In 1995/96, UNR cotton was
grown on only about 1,200 hectares. It is estimated that about
40,000 hectares of cotton were planted under UNR in the USA
during 1998/99, almost double the 1997/98 level. About half
of UNR cotton in the USA during 1998/99 was in the South-
east Region. The main objective of UNR planting is to increase
plant density so that the plant does not grow to form many long
sympodial and monopodial branches. In the absence of long
branches, the cotton plant will tend to grow taller. Under 76 cm
or 102 cm planting, it is difficult to check the vertical growth of
branches. But under the UNR system, excessive growth can be
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checked by spraying growth regulators to force the plant into
reproductive growth. It is estimated that under UNR planting,
plant height will be about 60 to 75 cm approximately, 25.4 cm
lower than normal planting. It has been observed that it is very
important to apply growth regulators under UNR sowing. Al-
though experiments have shown that it is not economical to
apply growth regulators in every country, in the absence of a
check on growth under the UNR system, plants not only be-
come too vegetative but also the yield advantage is reduced
and the lint grade affected due to higher trash content.

Objectives of the Ultra Narrow Row
System

UNR planting does have a number of advantages; three main
objectives of growing cotton in ultra narrow spacing are as fol-
lows:

Shorter growing season

Cotton production in the world may occur during either long or
short growing seasons. A long growing season allows the plant
to form bolls at a slower rate and the plant will be in the field
for a long period of time. However, when the plant is in the
field and forming bolls, it requires monitoring, protection from
pests, and other inputs like fertilizers and irrigation. Under
shorter growing conditions, yields are limited due to the early
onset of cutout. Low temperatures terminate growth before the
plant is physiologically exhausted on its own. The plant may
still be able to form bolls without additional inputs, but it is
forced to go into a cutout phase as conditions suitable for nor-
mal growth cease to exist. Under both situations, it is desirable
to shorten the growing period.

Lower cost of production

If a plant is large, it requires more inputs to grow and maintain
its volume. A low harvest index means less profitable produc-
tion. It is one of the main objectives of UNR production to
reduce production costs. If the production period is reduced by
10-12 days and yet the plant matures at a physiological cutout
without loosing any productive bolls, savings can be made in
insecticide, fertilizer and irrigation applications.

Higher yields and better quality

In 76 cm and 102 cm spacing, the plant is made to attain some
volume so that there are positions for bud, flower and boll for-
mation. Ifthe plant is artificially forced into the flowering stage,
chances are that it may form bolls under pressure but limit its
growth. A sub-standard plant under normal planting may result
in lower yields. Under UNR planting, the plant will grow in an
environment to remain short and form only 3-4 bolls. Fewer
bolls mean a higher number of bolls on first positions, which
produce better quality cotton. A shorter growing season also
means that more bolls are formed under more uniform condi-
tions compared to a longer season under conventional spacing.

Precautions of Ultra Narrow Row

Though farmers in every country are interested in reducing costs
and increasing productivity, UNR cotton is not suitable for all
kinds of soils and production practices. UNR may result in lower
yield and, consequently, lower net income per unit area if grow-
ing conditions are not taken into consideration at the time of
making a decision to go for UNR. According to Smith (1998),
farmers should not plant UNR cotton under the following con-
ditions:

® Poorly drained and cold natured soils
It is not advisable to plant UNR cotton on fields where it is
not possible to efficiently drain water. Continuous standing
water in fields may result in high humidity in the boll area
and aggravate boll rot. Cold natured soils are prone to ex-
cessive vegetative growth.

® Fields usually heavily infested with weeds
Under the UNR system, it is difficult to control weeds, par-
ticularly under conditions where herbicide use is not com-
mon.

® Highly fertile soils
The rate of growth under fertile soils is faster than under
less fertile soils. If cotton is planted in close spacing in fer-
tile soils, the plant gains height quickly without forming
flowers and bolls. By the time the plant is able to form bolls,
it has already gained a height not proportional to the ex-
pected number of bolls on each plant. Greater vegetative
plant volume, compared to fruiting parts, is a waste of in-
puts. According to Kerby (1998), UNR has proved most
successful on soils where plant growth is severely limited.

Under mechanical production practices, UNR requires changes
in implements. Smith (1998) indicates that management of UNR
cotton production is difficult compared to conventional pro-
duction at 76 cm or 102 cm. It requires a closer watch of growth
behavior. It may not be possible to fix some of the changes that
may have occurred and bring the plant back under control as
desired. Under conditions where farmers sell lint, the advice is
to consult ginners.

The application of growth regulators is almost a must under the
UNR system. If the use of growth regulators has not been
planned, cotton should not be planted under the UNR system.

Changes Over Time

UNR production is a not a new and innovative technology.
Though commercial planting may be at 76 cm or 102 cm row-
to-row spacing, different plant population trials are conducted
in various countries. But as planting equipment is designed for
cotton at 76 cm or 102 c¢m, a higher population in the form of a
narrower row distance is not feasible. In the USA, experiments
on UNR have continued for many decades. Mayfield (1999) in
his work published in 1978 indicated that the two factors limit-
ing production of UNR cotton are (1) a reliable weed control
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strategy and (2) the technology to control plant size. In the USA,
there has been a significant change in methods to control weeds
and also control on plant growth has increased. This is what
justifies a fresh, thorough and economic look at cultivation of
UNR cotton. Gholston (1998) has reported on the change in
adopting the UNR production system. He compared ginner
acceptance, varieties, harvesters, precision planters, desiccants,
defoliants, rank growth and weed control, which were among
the constraints in adopting the UNR production system in the
USA. The data for 1970 versus 1998 clearly shows a signifi-
cant improvement in the feasibility of UNR production in ar-
eas suitable for close spacing. In 1970, nine out of ten ginners
did not like closely spaced row cotton cultivation. Though 50%
still do not accept it as a good system, there has been an im-
provement. There has also been an improvement in varieties
suitable for UNR production, as now only 20% of the varieties
is not acceptable for the UNR system as against 50% in 1970.
In 28 years, there has been a drastic change in the acceptance
of growth regulators and in the means to control both broad
leaf and narrow leaf weeds. Understanding of the physiology
of the plant has also improved greatly, and herbicides have be-
come a popular means of controlling weeds, which has con-
verted UNR production into a feasible proposition.

Effects of Ultra Narrow Row
Production System

In the advent of growing cotton at 25.4 cm and lower row-to-
row spacing, crop expectations will change entirely. Though
the crop will be planted at the same time, crop management
practices will require adjustments. A high seed rate will be used
to establish a plant population of over 200,000 plants per hect-
are, depending upon the distance between rows and plants. High
quality seed should be used to keep a plant stand closer to the
optimum. In the case of poor seeds and resulting gaps, the widely
spaced plants will tend to grow bigger in volume and exhibit
different fruiting behavior. Not only the number of bolls will
be different but also the bolls will be formed over a longer
period of time and will mature at different times. Under the
UNR system, it is important to avoid gaps or missing plants.

Under the UNR system, a shorter plant height is also certain. It
is hard to establish what the appropriate height is under the
UNR production system; however, on average, a one-third re-
duction in height can be expected. Kerby (1998) noted that
plant height decreased from 85 cm in 102 ¢cm row spacing to
60 cm in 19 cm (7.5 inches) spacing in the Mid-South Region
of the U.S.

Under the closer plant configuration, the fruiting pattern will
change. There will be fewer monopodial branches, if any, and
the length of the sympodial branches will be shorter. Shorter
plants will produce fewer bolls per plant and more bolls will be
formed close to the main stem. More plants will compensate
the smaller number of bolls per unit area for maintaining opti-
mum yield.

In the UNR system, any field operation destined to delay the
formation of bolls is not desirable. Thus, the UNR system would
require better weed control, less irrigation and low doses of
nitrogen applications. Irrigation may be cut by 1-2 applications
per season and nitrogen applications may be reduced by 50%.
Most of the cut in nitrogen will come from the N utilized to
build vegetative mass before entering into fruit formation, or
to maintain a minimum growth rate even during fruit formation
in conventional spacing.

If growth regulators do not have an effect on yields in conven-
tional production, this does not mean that the application of
growth regulators will not have an effect on yields under UNR
spacing. UNR spacing enhances the probability of a positive
impact of growth regulator applications. If growth regulators
are regularly used in a particular area or soil, chances are that
the land may not be suitable for UNR cotton production. If the
land is found to be suitable, the use of regulators will decrease
in UNR production compared to conventional spacing.

There is no country or region specifically suited for UNR pro-
duction; it will depend on production practices, farm condi-
tions and skills to manage the crop under a high plant stand.
The commercially grown varieties, developed for wider row
spacing, may not be suitable for UNR production; it would be
quite appropriate to make changes in the varieties grown.

The success of UNR cotton lies in higher yields. According to
Krieg (1996), the reason for higher yields is greater light inter-
ception and more of the total leaf area being effective leaf area.
He compared light interception among UNR, narrow row and
normal spacing and concluded that UNR has higher light inter-
ception per unit area followed by narrow row and normal plant-
ing. Higher yields, consequently, mean lower cost of produc-
tion.

Harvesting and Ginning of
UNR Cotton

One of the limitations of commercial production of UNR cot-
ton is mechanical picking. Under machine harvesting, it is only
possible to strip UNR cotton, and stripping consequently means
higher trash. Thus, the availability of suitable harvesting equip-
ment for exceptionally close-spaced cotton continues to be a
challenge for commercial adoption of the UNR production sys-
tem. Manual harvesting of cotton will also be harder on labor,
as they have to bend lower for shorter plants to pick bolls from
the bottom of the plant. No data are available on manual pick-
ing of UNR cotton.

Ginning cotton with a high trash content always irritates gin-
ners. It seems that for a long period of time, the UNR system
emphasis has been limited to the production side only—how to
successfully produce UNR cotton. Ginning and the aftereffects
of the UNR system in cotton spinning and weaving have been
overlooked. Lately, the issue has been realized and Stanley
Anthony (1999) of the U.S. Cotton Ginning Laboratory,
Stoneville, MS, presented a paper at the 1999 Beltwide Cotton
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Ginning and Fiber Quality of UNR
vs Conventional Cotton
Conventional Ultra Narrow
Row
Foreign Matter (%)
Initial 79 20.9
Feeder 3.4 4.8
Lint 2.1 1.8
Ginning outturn (%) 34.9 29.8
Classification
Leaf 29 2.8
Micronaire 45 4.4
Fiber length (mm) 274 27.2
Strength (g/tex) 28.9 29.0

Conferences on ginning UNR cotton versus conventional pro-
duction.

The above data are an average of ten locations in ten states.
The ginning process for UNR cotton included separator/drop-
per, dryer, cylinder cleaner, stick machine, dryer, cylinder
cleaner, combination burr and stick machine, cylinder cleaner,
extractor/feeder and saw ginning, followed by two times lint
cleaning. In the case of conventionally produced cotton, the
combination burr and stick machine and one of the stages of
lint cleaning were not used.

No data were presented but it is assumed that elimination of
two machine operations certainly would have reduced the cost
of ginning conventionally produced cotton. As UNR cotton was
stripped, one-fifth of the total mass of seedcotton was trash, as
against 8% in the case of machine-picked cotton. Even after
extensive cleaning, UNR seedcotton had 4.8% trash content as
against 3.4% in conventional cotton. Higher trash in UNR re-
sulted in lower ginning outturn by five percentage points. High
volume instrument classification of cotton showed no differ-
ences in leaf grade, color, micronaire, length and strength of
fiber.

According to Mayfield (1999), gins that are not equipped to
process UNR cotton or wish to avoid two additional process-
ing machines have an option to process UNR by reducing the
processing rate to match the capacity of the system bottlenecks.
But, it will increase the hourly cost of running the gin system
and lower output means higher cost per unit of lint.

Though the use of two additional machines lowered trash in
the lint to less than conventional production, and the quality of
cotton was found to be comparable, the effects of additional
processing on the spinning, weaving and finishing of fabric need
to be studied. Mr. Ken Bragg of the USDA-ARS, Cotton Qual-
ity Research Station in Clemsen, South Carolina, presented
preliminary data at the 1999 Beltwide Cotton Conferences, but
there is a need to collect more data for making conclusions.
There is a concern that spinning and weaving of UNR cotton
may also require some changes.
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