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Introduction

Rob Jarvis of Zimbabwe contributed thefirst article as aback-
ground paper for participants of the 60th Plenary Meeting.
Cotton production started in Zimbabwe in 1940 as an alterna-
tive crop to tobacco, and for twenty years cotton production
did not increase much. Real increasesin production started in
the 1960s, and in the next ten years rose more than forty times
to 141,077 tons. In Zimbabwe, cotton is grown by large-scale
commercia growersand smallholder farmers. The smallholder
share increased from 8% in 1980/81 to 85% in 2000/01. Be-
cause of thelack of irrigation water and poor management prac-
tices, averageyieldsare much lower on smallholder farmsthan
on large-scale farms. Most cotton is grown on red or brown
sandy clay loam soils. The most destructive pest is the pink
bollworm, and it isvery important to depriveit of food sources
sothat it does not overwinter successfully. Planting timing and
destruction of cotton stalks are strictly followed. Hairy variet-
ies are grown to control jassid. A number of other bollworms
and sucking insects also attack cotton, and pesticides are ap-
plied with molasses as an additive to avoid evaporation. Ge-
netically engineered Bt cotton will be officially tested in Zim-
babwe during 2001/02, though aformal decision has not been
made by the government to start commercial production. Many
more details on cotton production, including classing and grad-
ing, research and extension are given in the article.

The second articleis on the rehabilitation of cotton production
in Nigeria. Nigeria has great potential to expand cotton area
and improve production, but farmers have no incentive to do

so. Cottonyields are among the lowest in theworld. During the
mid 1990s, Nigeria produced almost 450 kg/ha of lint, but for
the last four years the average yield has been less than 50% of
that level. There are other reasons, but thelow yieldsaremainly
caused by non-availability of good quality planting seed. Cal-
endar spraying is officially recommended and although eco-
nomic thresholds have been established, they are not yet avail-
able as an official recommendation. Pests are not serious, and
cotton is sprayed an average of 3-4 times per season. The ar-
ticleliststhereasonsfor low yields and the areas of high prior-
ity according to the cotton production revitalization program
under considerationin Nigeria.

The government of Benin isnot amember of the CAC, but the
head of ICAC'sTechnical Information Section visited the coun-
try in late April 2001. Although Benin isasmall country, it is
one of the largest cotton producers in the region. In less than
ten years, cotton areamorethan tripled, from 123,000 hectares
in 1990/91 to 400,000 hectaresin 1998/99. Benin has depended
on varieties developed in other countries and started its own
breeding program recently, but it will take afew yearsuntil the
locally developed varieties become available to farmers. Pre-
vious policies encouraged planting only one variety through-
out the country and the application of only one set of produc-
tion technologies. Lately, this concept has changed and now
technology is being developed for different sets of production
conditions. Significant changes are expected in the cotton in-
dustry with no impact on cotton research, which ishandled in
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the public sector and supported by ginning and marketing or-
ganizations. An Interdisciplinary Association on Cotton, sup-
posed to include all segments of the cotton industry, has been
established. The Association started working already and will
take over most of the functions of predecessor institutions by
theend of thisyear. How Benin canimproveyieldsisdiscussed
inthearticle also.

The Technical Information Section has updated the dataon cost
of production of raw cotton. The report has been published and
isavailable from the ICAC Secretariat. A pdf versionisavail-
able at alower cost.

Theleaf curl virusisnot very important on cotton. However, it
became a devastating disease in Pakistan in 1992/93 causing a
significant decrease in production. Because cotton production
conditionsin Indiaare similar to Pakistan's, the disease moved
to India, but fortunately, the spread has been limited to certain
parts of the cotton growing areas. Pakistan has also been able
to contain it. There are no chemical measures to control the

disease unless you eliminate the vector, whitefly, which is al-
most impossible. ICAC sponsored a five-year project funded
by the Common Fund for Commaoditiesinvolving Pakistan, the
UK and the USA. The project, called “ Genome Characteriza
tion of Whitefly-transmitted Geminivirus of Cottonand Devel-
opment of Virus-Resistant Plants Through Genetic Engineer-
ing and Conventional Breeding,” started in January 1, 1996.
After aone-year extension, the project will concludeat theend
of 2001. A final workshop to disseminate the results of the
project will be held in Pakistan from November 12-15, 2001.
The workshop is expected to attract reputed researchers and
become an international biotechnology conference. Research-
ersfrom all over the world are invited. For more information
on the meeting, contact the Project Executing Agency at the
addresses below, or the ICAC Secretariat.

Dr. Kausar A. Malik <kamalik@comsats.net.pk>
Dr. Yusuf Zafar <nibge@paknet4.ptc.pk>
Fax: 92-41-651472

Zimbabwe: Cotton Production and Research

Rob Jarvis, General Manager, Quton Seed Company, Zimbabwe

History of Production in Zimbabwe

Zimbabwe is alandlocked country in southern Africaand has
common borderswith South Africa, Botswana, Namibia, Zam-
bia and Mozambique. The country is typified by fairly open
savannah woodland, with altitudes varying from 600 meters
above sea level to a peak in the eastern border mountains of
about 2,500 m above sea level. A watershed of higher ground
bisects the country from the east down to the southwest. Most
of the cotton producing areas are to the northeast, north and
west of this watershed with a reasonable production area of
both irrigated and dryland cotton in the southeastern Lowveld
area.

Cotton has been grown in the country since the late 1940s but
only really picked up in the late 1960s when the country was
looking for alternatives to replace tobacco as a foreign cur-
rency-earning crop. Thisincrease coincided with the availabil-
ity of pesticides, scouting techniques and spray methods that
allowed the control of cotton pests and the devel opment of lo-
cally adapted hairy-leafed and therefore jassid-resistant Albar
varietiesfrom germplasm that had been imported from Uganda
in the 1950s.

Production increased rapidly from 3,600 tons of seedcotton in
1963 t0 141,077 tonsin 1973 and reached a new peak in 2000
at 353,000 tons. Initially the crop was grown mainly by large-
scale commercial farmers, but sinceindependencein 1980, the
crop has been increasingly grown by smallholder farmers in
communal areasand on resettled land. Thetotal hectarage now
grown is around 400,000 each year.

Zimbabwe Seedcotton Production 1963-2000 (tons)

Intake year Large scale Smallholder Total
1963 3,237 389 3,626
1970 79,899 15,121 95,020
1980 145,533 12,000 157,533
1990 102,281 84,719 187,000
2000 55,000 298,000 353,000

Yieldsin Zimbabwe are variable, and in the smallholder sector
they are very rainfall-dependent. In good seasons seedcotton
yields average 1,000 kgs/ha, but is more often between 700-
800 kgg/hafor thissector. Large-scalefarmerscan achieveyields
in excess of 4,000 kgs/ha with irrigation, but their average is
around 1,800 to 2,000 in most years.

Rainfall and Climate

The cotton crop isgrown in the summer rainfall season, which
typically starts in November, usually the second half of the
month, and continues through to March in most seasons, with
some limited rainfall in April. Rainfall in the cotton growing
areas varies from 500 mm in the low-lying dry areas to about
900 mm in the better areas in most seasons. However,
Zimbabwe'srainfall istypified by great season-to-season varia-
tion and there is often a mid-season break or drought that may
last amonth or more. Therainfall isbrought about by the south-
ern shift of the Inter-tropical ConvergenceZone (ITCZ), alow-
pressure system which moves south and north with the sun and
the change in seasons, taking the rainfall with it.

Daytime temperatures in the summer months are between 30-
35°C maximum and 18-24°C minimum. Aswinter approaches
the minimum will drop below 12°C and this effectively stops
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cotton from further development, especialy if frost occurs.

The winter months are characterized by warm sunny days and
cold nights and thisis one of the main reasons why Zimbabwe
cotton is so rarely affected by degradation due to persistent
rain on open seedcotton.

Soils and Fertility

Most cotton is grown on red or brown sandy-clay loams, with
better crops expected from the heavier soilsthat have clay per-
centages in excess of 30%. However, alarge proportion of the
crop is grown on soils that have clay contents as low as 10-
15% and in dry seasons or periods within a season, these crops
suffer from moisture stress very quickly. The lighter soils are
not very fertile, especialy if they have been growing cotton
and other cropsfor anumber of years, being typically deficient
in potash and phosphates and requiring top-dressing of nitro-
gento boost yield potential. Heavy red fersiallitic clay soilsare
also prone to potassium deficiencies as the ions are bound up
by the clay particles and may not be available to a growing
crop. It is important not only to measure the total amount of
potassiuminthe soil, but also itsproportion relative to the over-
all bases present to be sure that it is available to the growing
crop.

Heavy soilsare difficult to cultivate with ox-drawn equipment
especialy when dry, and weed pressure can be extreme when
therainsset in. Thisoften limitsthe total areathat smallholder
farmers can manage successfully.

Land Preparation and Farming
Systems

Thebulk of the hectarage grown by smallholder farmersispre-
pared by ox-drawn equipment. Good farmers will prepare the
land by early ploughing in April and May, with the bulk of
cotton cropsfollowing maize asthe mgjor rotational crop. This
early ploughing operation conserves moisture from the previ-
ous season and allows the farmer to get in early for the next
summer crop. Lessorganized farmers often havetowait for the
first rainsin the summer to allow themto cultivate theland and
prepare aseedbed. Thismeansthat their seasonsareinvariably
shorter than the optimum length with the consequent negative
effect on yield potential.

With the large scale sector there is a wide range of rotational
crops particularly whereirrigation is available. Many of these
commercia farmerswill plant their cotton after awinter wheat
crop or after summer soybeans or maize. In the drought-prone
1980sthese farmers devel oped special techniquesto grow cot-
ton using minimum or even zero-tillage techniqueswhich left a
large volume of surface stover on the soil and allowed the cot-
ton to befertilized and planted in special trash-freeways made
for the purpose. These trash-farming techniques alowed much
more efficient moisture conservation during dry periods. Farm-
erswho traditionally plough or userip-on-row techniques have
to conserve moisture by wet-ripping just prior to crop canopy

or by making potholes in the inter-row in which rainfall can
accumulate, thus avoiding run-off during heavy storms.

Conversely, inmoving from cotton to awinter wheat crop these
farmers have also developed techniques which allow cereal
establishment after a slashing operation only, and the cotton
stalks then rot in-situ with the new irrigated wheat crop grow-
ing around them.

Planting Dates and Systems

Both farming sectors try to plant their cotton as early as pos-
sible to maximize season length. I n the large-scal e sector many
have access to irrigation and they can get their crops estab-
lished prior to the onset of the rains. However, the better dry-
land farmersin both sectorswill dry-plant at |east some of their
crops, and if thereisresidual moisture from the previous sum-
mer these crops can often get away with thefirst showersof the
Season.

Most planting is done by machine, with smallholder farmers
using tractor and ox-drawn planters and their commercial coun-
terparts employing a range of tractor-drawn equipment from
simple plate planters to the latest precision air seeders. Some
will hand plant into ready-made planting holes or furrows.
Growerson average plant 20-25 kilograms per hectare of acid-
delinted seed, but those with irrigation and better equipment
may plant as little as 10-15 kgs/ha. Recommended planting
depth isamaximum of 20-25 mm.

Most growerswill plant their crops at the standard spacing of 1
meter between rows and thin their stand down to 1 plant every
20-30 cm in the row. Closer in-row spacing is recommended
for later plantings. Thinning is done 10-14 days after emer-
gence and gap-filling isrecommended for two or moremissing
plant stands. However, this should be done as soon after emer-
gence asis practicable.

Weeds and Weed Control

Grass weeds are normally the major problem in the early part
of the season, with broad-|eaf weeds becoming more prevalent
astherains persist. Early season weed control is essential and
dramatic drop-offs in yield result from poor weed control in
the first eight weeks of the season. Commercial farmers will
usearange of herbicidesfrom pre-plant incorporated grass and
broadleaf herbicides to directed post-emergent sprays using
contact and systemic chemicals such as Gramoxone, Bladex
and Roundup. On irrigated lands and in wet seasons problem
weedsinclude the nut sedges and Commelina and | pomoea spp,
difficult to control effectively.

Both commercial and smallholder farmers will use tractor or
ox-drawn cultivators if available and invariably cotton crops
will haveto be hand-weeded at least once, and often up to three
times, to clean out all the weeds. Lack of resources often limit
smallholder farmers from effectively managing their crops es-
pecialy if they try to grow crops on five hectares or more and
only have their immediate family to do the fieldwork.
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Pests and Pest Control

A key aspect of pest control in Zimbabwe is the strict adher-
enceto the legislated earliest dates of planting and |atest dates
for crop destruction. Thisensures adead period when thereare
no cotton plants growing, thereby depriving both pink
(Pectinophora gossypiella) and red bollwormsthe food source
they need to over-winter in large numbers. Once harvesting is
complete, smallholder farmers release their cattle into cotton
cropsand al green material israpidly eaten, leaving just stand-
ing stalks which are destroyed by chopping out and burning
when dry.

Zimbabwe Cotton Planting and Destruction Dates

Activity Lowveld Rest of country
Planting date 5 October 20 October
Slashing date 1 August 15 August
Destruction date 15 August 10 September

Themajor sucking pest, thejassid Empoasca spp., iscontrolled
by leaf-hairs bred into the Zimbabwean varieties. However
during the early part of the season, especialy if the weather is
dry, sucking pests such as aphids and thrips can be a problem.
Once squaring and flowering start, however, the bollworms
become a major problem with Helicoverpa, spiny (Earias
biplaga) and red bollworms (Diparopsis castanea) being the
most common. Other sucking pests such as the lygus bug
(Taylorlygusvosseleri), hel opeltis (Hel peltis schoutendeni) and
stainers (Dysdercus spp.) can be a problem, especially in wet-
ter seasons. If spraying has been overdone, then red spidermite
(Tetranynchus cinnbarinus) and sometimes whitefly (Bemisia
tabaci) can be aproblem in very dense cropsin the latter part
of the season.

During the early 1960s scouting techniques were developed
which, when combined with suitable spraying systemsand pes-
ticides, allowed effective control of pests which would other-
wise decimate the crop. Many smallholder farmers still use
knapsack sprayers to control pests, but there is an increasing
swing to ULV sprayers because of their greater efficiency and
ease of use. Smallholder farmers often have problemsin secur-
ing adequate supplies of clean water and large scale farmers
will use a combination of hand-held ULV, tractor mounted
boom, sleeve and air-blast sprayersand even aeria spraying to
control pests.

The scouting and pest control recommendations in Zimbabwe
are based upon economic threshol dsthat have been determined
based on thorough research. Sprays are applied when pre-de-
termined levels are reached or exceeded, and the most selec-
tive and softest pesticide is used whenever possible. Pesticide
management revolves around strategies designed to target spe-
cific pests and not predators, to hit the pest when it is most
vulnerable and to manage their use in such a way that resis-
tance does not build-up. Zimbabwe was the first country to
implement an acaricide rotation scheme and to implement a
pyrethroid window, and most recommendations for pesticide

rates are designed around low dosages, which are effective
against the most vulnerable stage of the pest in itslife cycle.
Thisparticularly appliesto the synthetic pyrethroids, which tar-
get thefirst instar bollworm larvae based upon egg thresholds
being exceeded after scouting. Pesticides are usually applied
with molasses asan additive, which limits evaporation and has
apositive biological effect onthe pesticide’seffectivenesswith
certain bollworm pests.

In certain localities other pests can be a problem and these in-
clude termite species and cutworms that can devastate stands,
whereas elegant grasshoppers and some leaf-eating caterpil-
lars damage foliage. Leaf miners are becoming more preva
lent. Varioustypes of mammals such as Kudu antelope, jackals
and monkeys can eat the green bolls, and farmers have to be
very careful to keep their domesti cated stock out of cotton fields
during the growing season.

Diseases

Several diseases are endemic in Zimbabwe and they are con-
trolled by inbred plant characteristics, such as bacteria blight
resistance, verticillium wilt and alternarialeaf spot tolerance.
Ramulariacan be aproblem in wetter seasons as are arange of
boll-rotsthat develop when laterains persist asthe cotton opens.

Seedling diseases are not usually a problem and all planting
seed is now dressed with afungicide to provide some protec-
tion. Where seedling diseases are prevalent they are controlled
by a combination of seed treatment and furrow dressings. At
the time of planting however ambient temperature conditions
are normally at their peak, and seedlings emerge quickly and
grow vigorously and are less prone to seedling diseases.

Crop Growth and Management

Extension advice to growers centers around several key non-
negotiables to achieve higher yields. These include spending
time and effectively supervising planting and doing it early to
maximize season length especially under dryland conditions,
keeping the crop weed-free during the first eight weeks, then
scouting and spraying effectively during the flowering and boll
formation period. Moisture conservation in a cotton crop is
essential to keep any rain whereit lands and not allow erosion
to take hold, and to prevent water accumulating in low-lying
spotsin the field where it can cause waterlogging.

Fertilization of the cropispreferably determined from soil analy-
ses but may be more commonly based upon soil typesand pre-
vious cropsgrown and yield expectations. Growers are encour-
aged to maintain the soil pH in the 5.2 to 5.5 range (calcium
chloride scale). They will apply agricultural limeto redressany
low pH problems.

Typically, however, acotton farmer will apply lime once every
3to 5 years and annually a compound fertilizer rich in potash
and phosphates and relatively low in nitrogen (but with some
sulphur and boron included) as a pre-planting basal dressing.
For soils deficient in potash the recommendation is to apply
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extra muriate of potash at 20-30cms depth before planting.
Potash deficient soilsare very proneto the defoliating forms of
alternaria, which can devastate crops at the peak boll forma-
tion when the draw on potash is at its greatest. Foliar applica
tions of thiskey element have not been successful.

Nitrogenous top-dressings are applied at first flower, and on
lighter soilsmay be split into two or three applicationswith last
being applied at no later that 12 weeks post emergence. They
are usually applied by hand or may be broadcast through trac-
tor drawn Vicon applicators and are normally applied as am-
monium nitrate, although urea can a so be used.

Commercial farmersuseirrigation to supplement summer rain-
fall and base amounts applied upon pan evaporation data. Irri-
gation equipment variesfrom flood to overhead sprinklers, cen-
ter pivot and some drip systems. These farmers often have to
apply growth regulantsto control crop sizefor ease of manage-
ment. Growth regulators are usually applied in split applica-
tions with two-thirds the recommended rate applied just prior
tofirst flower and the remainder two to three weeks later. Some
usefoliar sprays of combination fertilizersthat have minor nu-
trients such as molybdenum aswell aslimited amountsof N, P
and K.

Crop Harvesting, Grading and
Delivery

Cropsareamost entirely harvested by hand in Zimbabwe. Pick-
ers are encouraged to in-field grade and pick using two
polythene bags tied around the waist, with one used for clean
bolls and the second for any trashy, stained, weak or immature
locules. Farmers are supplied with polythene picking bags by
the ginning and marketing companies to minimize the risk of
contamination from woven-fiber polypropylene bagsthat might
otherwise be used.

Seedcotton is usually sorted and checked again before being
packed into jute cotton packsthat typically hold 200 kilograms
of seedcotton. These packs are sewn using cotton string sup-
plied by the ginning companieswith alabel affixed to the pack
that identifiesthe grower, the variety and the stage of the crop,
distinguishing seed from commercial crops by its shape. Each
variety grown hasitsown color label allowing the ginning com-
panies to segregate seedcotton easily.

At the buying depot, the seedcotton is sampled and graded ac-
cording to thelist indicated in the table bel ow and paid accord-
ing to this grade. The graders are regularly checked by a Na-
tional Arbitrator who is employed by the whole industry and
any grower who wishes to dispute a grade has access to an
arbitration procedure which can be brought into play at arela-
tively low cost. Most ginning companies operate a computer-
ized payment system and they will deduct for any credit issues
previoudy made, transporter charges and pack hire before mak-
ing payment to the grower. Checks are readily cashable, often
at the cotton depot itself or in nearby local businesses.

Zimbabwe Seedcotton Grades

Seed Normal Comment

Cotton Differential

Grade or Price

A + Z50c/kg Usually only 20-30% of crop, very
limited amounts of trash, soil or
insect stain.

B Base grade Usually around 50-60% of crop,

Currently Z$21.20/kg some trash, soil, insect stained and
weak, immature locules evident.

C — Z20c/kg 20-30% of crop, increased amounts
of trash, stained, weak and
immature cotton.

D Z%$14.00/kg Usually less than 4% of crop, heavy

trash, stained, weak and immature
levels of seed cotton.

To heavily penalize growers who
contaminate their crops with man-
made polypropylene fibers, and
encourage them to screen their
cotton carefully before delivery.

Polypropylene Z$4.00/kg
contaminated
seedcotton

Research in Zimbabwe

Research is primarily the mandate of the Cotton Research In-
stitute (CRI), a part of the Department of Research and Spe-
cialist ServicesintheMinistry of Lands, Agriculture and Rural
Resettlement. This Institute operates a multi-disciplinary ap-
proach and has sections covering thefollowing key areas: breed-
ing, agronomy and physiology, pathology and cotton pest re-
search. It utilizesits own station at Kadomafor most of the on-
site work and conducts off-station trials in cotton growing ar-
eas on other government-owned research and experiment sta-
tions as well as utilizing cooperative farmers for on-farm re-
search. CRI usestheresearch sitesrun by the Commercial Cot-
ton Growers Association and by Quton Seed Company to fur-
ther extend variety and agronomic testing. Quton has been li-
censed to produce and market the commercial varieties devel-
oped by CRI and pays aroyalty on these sales.

At the moment CRI is still agovernment department but there
areplansto commercializeit and perhapsin due courseto priva-
tizeit completely. Thisisbeing doneinitially by having aman-
agement committee comprising key stakeholdersin theindus-
try to oversee its research programs, finances and plans, and
alowing CRI to operate an Agriculture Revolving Fund for
income generated by products and services from its activities.
Since 2000, it has been earning a royalty on seed sales from
varieties released for commercial production and it has also
started to charge for services done for outside organizations
and companies such as screening work on herbicides and pes-
ticides. There is certainly pressure on the government by the
cotton industry to take the privatization of CRI to its logical
conclusion so that its programs and emphasi s can meet the needs
of the industry more effectively and the industry can ensure
that it is properly staffed, resourced and funded.

A commitment to finance this has already been agreed to by the
key stakehol ders provided government cedesthe requisite con-
trol to them.
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Breeding

CRI runs a fully-fledged breeding program that has been in
operation since the Institute started in the early 1920s. The
breeding program draws upon germplasm from all over the
world and, by crossing and intercrossing adapted material with
suitable donor germplasm, developsimproved varietiesmainly
through a pedigree breeding system for local conditions. Some
key progressthat has been madein recent yearsby CRI’sbreed-
ersinclude the upgrading of the inherent fiber quality charac-
teristics of Zimbabwean cultivars, theincreasein lint outturns
to around 40-43%, improvementsin aphid and alternariatoler-
anceand maintaining jassid and bacterial blight resistance. Some
of the new releases are of significantly higher seedcottonyield
potential and have large storm proof bollsthat lend themselves
to efficient handpicking. They have recently produced along
staplevariety that isadapted to both dryland and irrigated con-
ditions, thus allowing smallholder farmers the opportunity to
grow more lucrative cotton.

The breeding program has mini-ginning equipment and afiber
testing laboratory, and all material from single plant selections
through strains, linesand varietiesistested for seedcottonyields,
seed sizeand lint outturnsto key quality characteristicssuch as
length, strength, elongation, micronaire, fineness and maturity.
New releases have to be equal to or better than existing com-
mercial cultivarsin most respects, and their fiber qualitieshave
to be as good as the mainstream cultivar Albar SZ 9314, re-
leased in 1998. Current aims of the breeding program are to
improve fiber strength and elongation as priorities and to de-
velop earlier maturing varieties but without compromising other
attributes.

Agronomy and Physiology

When anew variety isreleased it isthoroughly investigated for
key production practices so comprehensive recommendations
can bemadefor its successful production. Theseinclude plant-
ing date comparisons, nutritional levels, weed control and her-
bicide screening, spacings and population studies, irrigation
needs, use of growth regulators, management techniques in-
volving plant mapping and monitoring of key growth indica-
tors and reaction of the crop to different environmental condi-
tions. This section also conducts work on organic and inor-
ganic fertilizer applications and on tillage techniques to im-
prove moisture holding and to extend the crop growth period.

Pathology

All the breeding material is screened for bacterial blight resis-
tance and suitable populations of segregating germplasm de-
veloped for screening for verticillium wilt tolerance. The pa-
thology section investigates any disease outbreaks that occur
and assesses new varieties for tolerance to known pathogens
such as aternariaand ramularia.

Cotton Pest Research
Pest research centers on an integrated management system, try-

ing to combine scouting for pests (and predators) with eco-
nomic thresholds, using the softest approach to control prob-
lems. Pesticide evaluation is based upon determining the low-
est effective dosage rates, effectiveness in controlling the tar-
get pests at its most vulnerable stage and effect on beneficial
insects. Spray application timing and methods areinvestigated
and recommendations made for any new technology offered.
Work is also done with any spray adjuvants and additives and
these are compared with existing recommendations for use of
molasses as an anti-evaporant.

Several landmark strategies have been evolved over the years
which have contributed to the success of the Zimbabwean cot-
ton industry and these include pesticide management strate-
gies, spray techniques, including the addition of molasses to
spray mixes, and pesticide rotations, both within and between
seasons and areasin the country.

Other Players in Research and Crop
Development

Commercial Cotton Growers’ Association

The Commercial Cotton Growers' Association runs a series of
sites around the country under the management of its Cotton
Training Centre, where they provide facilities and trial man-
agement expertise to CRI and at the same time conduct some
agronomic and physiological work of their own to meet grow-
ers specific research needs. Their work is concentrated upon
minimum tillage techniques, use of growth regulators, defoli-
antsand ripeners, machine picking, irrigation management, root
and growth hormone seed treatments and | ocal e-specific needs
including large scale variety comparisons.

Cotton Training Centre

The Cotton Training Centre run by the Commercial Cotton
Growers Association in Kadomaprovides practical coursesin
scouting, pest management, picking and production for arange
of clientele from smallholder farmersto farm supervisors, and
even extension and research professionalsfrom Zimbabwe and
other countries. Over thelast twenty yearsthe Centrehashad a
huge impact on the extension advice available and provided to
theindustry and this has undoubtedly had apositive effect upon
crop production practices.

Quton Seed Company

Quton Seed Company is a wholly owned subsidiary of The
Cotton Company of Zimbabwe (Cottco) and it has started its
own breeding program to complement that of CRI. Quton, in
conjunction withits parent company, Cottco, will organizelarge
scale growing of multiplication crops that alow gin testing of
any new variety on acommercial scaleand provide significant
volumes of lint for mill tests prior to official release.

Quton is testing Zimbabwean cultivarsin several countriesin
the region with the specific aim of devel oping marketsfor Zim-
babwean seed where appropriate. Quton also does some work
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on seed treatmentsthat can boost yield potential and crop vigor
such asthe use of seed treated fertilizers and aphicides. These
areusually donein conjunction with the relevant pesticide sup-
plier and CRI.

Quton has been licensed to produce the commercially released
varietiesin Zimbabwe and operates adilute acid delinting plant
at Glendale. Quton places particular emphasis on seed quality
and every batch of seed isthoroughly tested for pH, light seed
content, germination, purity, and vigor. The seed must meet
exacting standards that are well above the legislated minima
before being released for sale. Each year the company pro-
duces between 9,000-10,000 tons of planting seed and mar-
ketsit through the ginning companieswho sdll directly to farm-
ers. Retail sales are made for cash and on credit and seed is
soldin 25 or 10 kg packets. In 2000, anew seed treatment with
Cruiser wascommercialized for thefirst timeand farmershave
shown their willingnessto pay higher pricesfor treated seed to
benefit from the sprays saved and higher yield achieved from
these vigorous crops.

Genetically Engineered Cotton

To date no extensive testing of genetically engineered cotton
has taken place in Zimbabwe. However, a Biosafety Act was
gazetted in 2000 and the mechanism is now in place to allow
testing of genetically engineered crops under the supervision
of the Biosafety Board. Monsanto Zimbabwe, Quton and the
Cotton Research I nstitute have submitted ajoint application to
field-test Bt cotton in the 2001/02 season, and have received
initial approval. Thiswill be followed with testing of other GE
cottons such as herbicide-resistant cultivarsin due course.

The cotton industry in Zimbabwe firmly believesthat this new
technology must be investigated and that sooner rather than
later gene transfers should take place into locally adapted ma-
terial, whereit will havethe greatest chance of success because
of the broader adaptability of local cultivars. The country has
not yet taken a position on whether or not to promote GE cot-

ton and there are serious implications for the beef and dairy
industries, which derive alarge proportion of their feed stuffs
from cottonseed cake and sell their productsin potentially sen-
sitive markets. However, Zimbabwe will be able to meet any
labeling requirementsfor GE products from cotton very easily
if necessary, because of the variety management systems al-
ready in place.

Crop Extension and Input Supply

The success of the Zimbabwean cotton industry is also the re-
sult of the effort put into crop input supply, extension and pro-
motion by the ginning and marketing companies. The Cotton
Company in particular plays a leading role in supplying key
inputs for cash and on credit to selected growers. Their input
scheme is based upon groups with track records in repaying
advances made and, at present, about 25% of al the active grow-
ersinany oneyear get someinputsfrom Cottco on credit. This
has undoubtedly boosted yields and made cotton an attractive
cash crop for smallholder farmers in very difficult economic
conditions. Bulk buying of inputs by Cottco and its major com-
petitor, Cargill Zimbabwe, and the availability of these inputs
at lower cash prices at al rural depots has made cotton grow-
ing very convenient.

The government operates an extension arm called Agritex that
has the mandate to provide services for al agricultural activi-
ties, but they are largely under-funded and inadequately
resourced in most respects to make amarked contributionin a
single crop like cotton.
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Rehabilitation of Cotton Production in Nigeria

Cotton production in Nigeria has seen highs and lows both in
area and yields. During the 1970s there was a significant in-
crease, and areareached 704,000 hectaresin 1976/77. Prior to
1984/85, cotton areain Nigeriafluctuated around 400,000 hect-
ares. But since 1985/86, it has fluctuated between 200,000 and
400,000 hectares. Nigeria has great potential to expand cotton
productionto amuch larger areaif farmerswere provided with
good quality seed, high yielding varieties and support by gov-
ernment programs. The government has decided to rehabilitate
cotton production and is seriously considering a program that
will increase area.

Role of the Central Bank of Nigeria

The Agriculture Finance Department of the Central Bank of
Nigeriaplaysanimportant role with respect to devel oping plans
for improving cotton production in Nigeria. The Agriculture
Finance Department is represented on all committees dealing
with ongoing cotton programs and with new plansto beintro-
duced for research or for direct application by farmers. Through
theAgriculture Finance Department, the Bank hasplayed asig-
nificant role on the Cotton Rehabilitation Committeeto develop
thedraft Cotton Rehabilitation Program, now under active con-
sideration by the government of Nigeria, for finalization. The
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Agriculture Finance Department is not a lending agency for
agricultural production, and there are commercia banks for
this purpose. The three main responsibilities of the Department
are:

» Farmersapproach commercial banksto get credit and loans
for inputs, but commercia banksdo not grant loansuntil the
Agriculture Finance Department provides guarantees on
behalf of farmers that loans will be paid back ontime. If a
farmer fails to pay back the loan as stipulated in the loan
agreement, the commercial bank would approach the Agri-
culture Finance Department, who will pay 75% of the loan
provided the defaulter is not able to pay because of crop
failure.

» The Department closely

beinvolved indirect loan schemes but will help small indus-
tries to make use of micro credit programs.

Structure of Technology
Dissemination

The Federal Ministry of Agricultureisdirectly involved in cot-
ton development, research and extension. Two important de-
partments of the Ministry are the Department of Agriculture,
responsible for cotton development and extension; and the
Department of Agricultural Sciences, responsible for research
in agriculture including cotton.

Many years ago the federal government, in collaboration with
state governments and with financia help from the World Bank,
started aprogram called the Agriculture Development Program.
World Bank support has ended, but the program still continues
from local resources. Under this program, an extension ouitfit
covering all crops, and now even livestock, was established at
the basic level. The basic structure of the extension serviceis
given below and indicates that cotton growers do not get satis-
factory advice on production technology. Lack of expert ad-
vice could be one of the major reasonsfor low cotton yieldsin
Nigeria.

The cotton producing areain the country is divided into three
regions: North, East and South, responsible for 65%, 30% and
5% of production respectively. The southern region has com-
paratively less pest pressure but yields are lower than in other
regions. On average, cotton areagets over 1,400 mm of annual
rainfall. The role of the federal government is overall coordi-

monitors developments in
commodity industries, includ-
ing cotton, and advises the
federal government of Nige-
ria to take appropriate mea-
sures. Accordingly, if the De-
partment feels that certain

Layout of Extension Service in Nigeria
Agriculture Development Program

Program Manager (state level)

measures could be taken to |
improve the performance of
the cotton industry, proposals
are made to the government
to initiate specific programs.
The initial focus of the De-
partment has been on export
commodities, but it is now
monitoring all commodities.

Director
Engineering
(state level)

» Lately, the Department has
begun to consider financing
agriculture development ori-
ented industries in the rural
sector and a micro credit
scheme will be started soon.

Director
Technical Services
(state level)

Director Director
Extension Rural Development
(state level) (state level)

Zone
Zonal Manager
(3-4 zones in each state)

Block
Block Manager

Cell
Extension Worker

Still, the Department will not
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nation, but actual extension work is a state responsibility. The
front line extension worker is the one that is based at “cell”
level. On average, each extension worker at cell level deals
with roughly 1,000 farmers who may be growing a variety of
crops. Nigeriatried to intensify the extension activities of other
crops, particularly maize and wheat, and witnessed magjor in-
creases in production, but a similar program is not contem-
plated for cotton in the near future.

Cotton Revolving Fund

The Nigerian Cotton Board played an important role in the
cotton sector in Nigeria. Among other responsibilities, the Board
had to produce quality seed and make it available to cotton
growers. In an effort to privatize the cotton industry as has been
the case in other countries in the region, the Nigerian Cotton
Board was abolished in 1986 and no other organization was
given the responsibility of seed production. In 1994, the Cot-
ton Revolving Fund was established to take over therole of the
Board to produce pure quality planting seed and supply it to
farmers. The Revolving Fund is a joint venture between the
government of Nigeria providing 60% of the funds, and the
private sector, to contribute to the cause of quality seed supply
to growers. The Fund is almost independent and, at present, it
is chaired by a person affiliated with the textile sector.

The cotton seed production system involves four sectors that
need to improve their coordination: the Nigerian Seed Service
of the Ministry of Agriculture, the Cotton Revolving Fund, pri-
vate compani esresponsiblefor seedcotton ginning, and theAg-
riculture Devel opment Program. The Nigerian Seed Serviceis
mainly responsible for production and supply of seed to farm-
ers. The seed issupplied through the Agriculture Devel opment
Program, while funds are provided by the Cotton Revolving
Fund. Seedcotton is ginned by private companies supposed to
maintain purity, but it is not clear how the required isolation/
separation is being implemented, and the success of their ef-
fortsisnot known. Indicationsfrom different sectors show that
farmersdo not get good quality seed. Evenif good quality seed
isproduced, farmers havelost faith in the seed production sys-
tem. One of the disadvantages of having abolished the Cotton
Board is the lack of good quality seed to farmers. Unless the
current system of seed productionisrestructured, it will be dif-
ficult to restore faith in the seed production system.

The Cotton and Agricultural Processors Ltd. isaprivate com-
pany contracted every year to gin seedcotton for seed purposes.
Seed is not delinted but treated with a fungicide. During the
current year planting seed wassold at 9 U.S. cents’kg (12 naira/
kg) comparedto 7 U.S. cents/kg (9 nairal’kg) for crushing seed.

Research on Cotton

The Ingtitute for Agricultural Research is one of the sixteen
institutionsin Nigeriathat have amandate to conduct basic as
well asapplied research on cotton covering all disciplines. The
Ingtitute isbased in Samaru/Zaria and has an independent pro-
gram on cotton. Although the program is called the Fiber Re-

search Program, it worksonly on cotton and is currently headed
by an entomologist. The Program is affiliated with the Faculty
of Agriculture of the Ahmadu Bello University, Zaria.

Pest Control

A variety of pestsattack cotton throughout the growing period.
First, aphids appear as early as three weeks after emergence
and may continue as a major pest for the next three months.
During this period, whitefly—not a serious pest yet although
the populationisincreasing—may also appear. L eafhopper may
become a problem in pockets only. D. volkerri is significant
between 7-12 weeks after emergence. Six types of bollworms
may attack cotton: Helicoverpaarmigera, Diparopsiswatersi,
Pectinophora gossypi€lla, Eariasinsulana, Eariasbiplagaand
Cryptophlebia spp. However, the cotton bollworm isthe most
serious pest, followed by the African bollworm. Cryptophlebia
usually appearslatein the season, when maizeisready for har-
vest and the pest starts migrating to cotton fields.

On average, cotton is sprayed at least 3-4 times every year.
Often, one to two additional sprays may be required for eco-
nomical control against al pests. Currently, calendar spraying
is practiced throughout the country. Although thresholds for
various pests have been established by researchers, they are
not available yet asrecommendations. If afarmer hasto spray
cotton four times during a season, the following schedule is
recommended.

First spray 6 weeks after planting
Second spray 8-9 weeks after planting
Third spray 10-12 weeks after planting
Fourth spray 12-14 weeks after planting

(It is advised to use mixtures)

The population dynamics of pests are changing, and there is
fear of new pests attacking cotton. Thresholds may be adopted
in the near future. All these factors require strict vigilance on
the part of researchers.

Fertilizer Use

Nitrogen and phosphorous are applied every year by almost all
farmers. In Nigeria, cotton is usualy underfertilized. Each
farmer appliesabout 40 kg of phosphorous asabasa dosewhile
60 kg/ha of nitrogen is applied between the 3-6 week stages.
Potassium, if applied, is 20-25 kg/ha as a side dressing, 5 cm
away from plants. The reason for the low fertilizer use is the
high cost of fertilizers. There are two sources of supply: gov-
ernment and open market. Fertilizer supply from the govern-
ment is limited and not available to all farmers, but prices are
lower than in the open market.

Development of Varieties

Only locally devel oped varietiesaregrownin Nigeria. Thethree
varietiesgrown on acommercial scale are Samcot-8, Samcot—
9 and Samcot—10. “Samcot” comes from Samaru cotton.
Samcot—8 is grown in the eastern region and Samcot—9 in the
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northern region. Samcot—10 is more suitable for high rain ar-
eas and thus is grown in the southern region. Samcot—9 and
Samcot—10 have been selected from the same cross. Samcot—8
will soon bereplaced with anew variety introduced from Benin
but supposed to have been bred somewhere else. Hybridiza-
tion isthe most popular method adopted by breedersin Nige-

r

ia. Progeny row selectionisfollowed until F,,when progenies

aremixed for bulking strains. Progenies are grown in ten-meter
rows and single plant selection is based on the performance of
individual plants. Bacterial blight is a problem and races 2, 9
and 10 have been found to occur. All commercial varieties must
have genetic resistance to the disease. Reba B50 and W296
have been used as the basic source of resistanceto the blight.

Cotton Yields

Nigeriadid not have any increasesin yield until 1991/92. Be-
tween 1992/93-1995/96, cotton yields experienced exceptional
increases. In four years, the national average yield in Nigeria
more than quadrupled, from 95 kg/hain 1991/92 to 455 kg/ha
in 1995/96. Since 1997/98, the average yield in Nigeria has
been around 200 kg/ha.

The current yield in Nigeriais way below potential. Cottonis
not getting the proper attention and, consequently, yields have
been serioudly affected discouraging cotton growers to confi-
dently invest in cotton production. The following factors are
considered to be responsible for low yields:

Good quality planting seed isnot available. Farmers are not
satisfied with the current commercial varieties.

The cotton bollworm has become a problem spreading to
most of the cotton area. Pest pressure hasincreased and losses
due to bollworm attack have significantly increased.

In addition to a wider spread in area and increase in pest
population, the cotton bollworm has developed resistance
to insecticides, making it difficult to control.

COTTON YIELDS IN NIGERIA
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« Theplant protection problemisNigeriais complex. Under-
dosing is common and the purity of the available pesticides
is doubtful, which could be afactor in thefailure of insecti-
cidesto control the cotton bollworm.

« Farmerswould appreciate more assi stance from the govern-
ment.

» Farmers are not aware of proper pest control methods; are
not ableto identify the different insects; and the majority of
them do not adopt the recommended production technol-

ogy.
« Cotton isunder-fertilized because fertilizers are expensive,
thusresulting in lower yields.

» The extension system is not very effective and farmers do
not get proper advice to grow cotton successfully.

Components of the Rehabilitation
Program

Many details about the Rehabilitation Program are not yet avail-
able. A draft report, still being discussed at the end of April, is
available. However, discussions with officials of the Ministry
of Agriculture, Ministry of Commerce and Agriculture Finance
Department of the Central Bank of Nigeria indicated that the
following issueswould have high priority in the Rehabilitation
Program. The government is serious and it is anticipated that
the cotton production sector will undergo athorough reconsid-
eration and ultimately a program to revitalize cotton produc-
tionin Nigeriawill be devised.

» Seed production is blamed as one of the major reasons for
the current state of affairsand will have amuch higher atten-
tionthan it hastoday. How it will beimprovedisnot known,
but quality seed production for planting will be among the
top inthe priority list.

» The seed supply system will also be improved by making
surethat all farmers get good quality seed in sufficient quan-
titiesand on time for planting.

« Farmers face financial difficulties to buy inputs. Commer-
cial banks charge high interest rates because of low recov-
ery rate, which discourages farmersto get loans for inputs.
Loans will be provided at concessional interest rates and
their timing will also beimproved.

« Marketing of cotton will be improved so that farmers get a
good price for their product.

 Fiber quality will beimproved, particularly by growinglonger
staple cotton varieties.

« There may be many other areas of research, production, ex-
tension, marketing and financing where significant changes
are expected to occur. It ishoped that oncetherevitalization
program is implemented in Nigeria, it will have a positive
effect on cotton production in the country.
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Cotton Production in Benin

Cotton areahasincreased in Beninin thelast ten years, making
it one of thelargest producersinWest Africa. Cotton wasgrown
on 103,000 hectaresin 1986/87, 123,000 hectaresin 1990/91,
and 282,000 in 1995/96. During 1998/99 and 1999/00, cotton
was grown on 400,000 hectares. However, low yields in the
last three years affected cotton areain 2000/01. ICAC statistics
indicate that in 2000/01 only 379,000 hectares were planted
and ICAC forecasts suggest that average cotton yields will be
even lower in 2001/02 and that areawill not increase in 2001/
02.

Cotton areain Benin is divided between the North and South.
The North region grows two-thirds of thetotal. Only one vari-
ety, STAM 18—adapted from Togo—isgrownin both regions.
Although cotton is rainfed in both regions, there are a number
of significant differences between the two.

Research on Cotton

There is no separate ministry of agriculture, and the Ministry
of Rural Development is responsible for research on al as-
pects of agriculture. The National Institute of Benin for Re-
search inAgricultureisthe apex organization for research and
has fourteen programs, including crops and livestock. One of
themisthe Directorate of Research on Cotton and Fibers, based
in Cotonou, with fourteen stations throughout the North and
South cotton areas. Although the Directorate of Research on
Cotton and Fibersisagovernment institution, universitiesand
the Interdisciplinary Association on Cotton (Association
Interprofessionnelle du Coton — AlIC) provide strong support.
Themain support from Al Cistoward conducting research, while
the Ministry of Rural Development pays the staff.

The Directorate of Research on Cotton and Fibers works in
close collaboration with CIRAD-CA of France. The Director-
ate, under arrangement, has three CIRAD-CA staff members
working fulltime in the disciplines of agronomy, entomol ogy,
and breeding and genetics. The agreement for agronomy and
breeding is for four years, while the arrangement for the col-
laborative work in entomology is extended on a year-to-year
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basis. CIRAD staff works with local staff, and all the work is
for Benin growing conditions.

Theresearch program on cotton is new, and whatever has been
done in the past is being updated to suit current production
practices and recent changesin the cotton production systemin
the country. Although research has been going on for years,
thereisaneed to revisethe production technol ogy, asthewhole
input supply system is going to change and farmers are ex-
pected to grow new varieties.

Agronomic Research Program

Agronomic research on cotton in Benin is conducted in col-
laboration with the Cotton Program of CIRAD-CA. The team
is comprised of five agronomists, one from CIRAD-CA and
four from Benin, in addition to a number of junior technicians
based at various stations throughout the cotton-growing areas.
The main objectives or lines of agronomic research are asfol-
lows:

Agronomic Requirements
The cotton program is trying to ascertain the agronomic re-

North Region
1. Has one rainy season from end of June to November.

2. Average annual rainfall is 900-1,000 mm.

3. Planting season starts from the 3rd week of May.
4. Planted variety is STAM 18.

5. Sail typeis “ferrugineux tropicaux.”

6. Require NPK, sulfur and boron.

7. Averageyield is 1,500 kg seedcotton/ha.

Characteristics of Cotton Growing Regionsin Benin

South Region

1. Has two growing seasons:
a) March to July — 1,200 mm rainfall.
b) End August to December — 400-600 mm rain.

2. Average annual rainfal is 1,500-1,800 mm.

3. Planting starts from end of June.

4, Planted variety is STAM 18.

5. Sail types are “ferrugineux tropicaux” and “ferralitiques.”

6. Require NPK, sulfur and boron but the requirement for
K is more than in the North region and less P is required
compared to the North region.

7. Averageyield is 1,100 kg seedcotton/ha.
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quirements of farmers so that technology can be developed
accordingly. Agronomists work in collaboration with farmers
to define field production practices clearly.

New Technologies

A number of new agronomic techniques are being tested, in-
cluding narrow row, high-density plant stand and late-planted
cotton. Experts advise to plant cotton early but some farmers
haveto delay planting dueto variousreasons. Agronomistsare
working on late-planted cotton to enable farmers to grow the
late crop successfully.

Growth Regulators

Growth regulators have been tried for years but no conclusive
recommendations have been derived so far. Recently, research
has shown that although the use of growth regulatorsis dis-
couraged, it does have a positive effect on yield in some areas.
It has been concluded that if growth regulators are applied in
thecentral part of the North Region, which coversaround 50,000
hectares, cotton yieldswill increase by about 200 kg seedcotton/
ha.

Diversification of Recommended Production Practices
The National Society for the Promotion of Agriculture (Soci-
ete Nationale pour la Promotion Agricole — SONAPRA) used
to control the cotton production sector for years. SONAPRA
promoted only one set of production practices irrespective of
thefact that some producerswere good at growing cotton while
others needed more advice. The cotton sector is going through
changes and the role of SONAPRA in cotton production has
been reduced. Inthelast two years, technological packagesfor
various zones within regions have been created. The conclu-
sion about the positive impact of growth regulatorsisjust one
example of agronomiststrying to perfect production practices
and develop different packages for the cotton growing areas.

Plant Modeling

It has been realized that cotton growers are not going to use
modeling. However, studies are underway to revise the
GOSSYM-COMAX model, developed by CIRAD andthe U.S.
Department of Agriculture, for suitability under Benin condi-
tions. Efforts are al so underway to assess the maximum poten-
tial for yield under Benin cotton growing conditions.

Fertilizer Needs

Benin cotton-growing soil isrichiniron but poor in sulfur, and
it is necessary to apply boron every year. A complex fertilizer
proportion is recommended, containing 150 kgs of NPK, sul-
fur and boron, 14:19:23:5:1 respectively, to be applied every
year. Most farmers follow the recommendations. Additional
nitrogen in the form of urea is also recommended. Because
cottoninBeninisrainfed, fertilizer applications cannot betimed
perfectly as with irrigated cotton, but applications of 150 kgs
of NPSB fertilizer twenty days after emergence, and 50 kgs of
ureaat early flowering stage arerecommended. Excessive height
is not usually a problem. However, in areas where height is a
problem, growth regulators are used effectively. The average

plant height obtai ned with the recommended fertilizer dosesis
about one meter.

Entomological Work

Pest Problem

A variety of insects attack cotton in Benin, but the cotton boll-
worm Helicoverpa armigeraisthe most seriouspest. If seedis
not treated, Nisota podagrica appears at the early stage and
glandless varieties are attacked more than normal varieties.
Sometimes, aphids like Aphis gossypii and Earias insulana,
and Eariasbiplaga may also appear and cause some damage at
the pre-boll formation stage. At the early stage, Earias spp. can
cause damageto theterminal shoot, thusresulting in plant top-
ping. Egyptian spiny bollworm Earias insulana is more sig-
nificant in the North Region, and the spiny bollworm Earias
biplaga population is higher than other species in the South
Region. Leaf roller Sylepta derogata is present throughout the
season and becomes significant toward the end of the boll for-
mation stage, but it is very sensitive to organophosphates and
can be easily controlled with low doses of many chemicals.
Some Spodoptera species can cause damage but not every year,
and the damage is not serious.

The cotton bollworm population increases from September
onward and requires spraying a number of times until the end
of the season. Sudan bollworm Diparopsiswatersi and Earias
spp. are controlled while spraying agai nst the cotton bollworm.
However, it is believed that if insecticides are not sprayed
against the cotton bollworm, as could be the case with Bt cot-
ton, D. watersi and Earias spp. could become problems. The
pink bollworm Pectinophora gossypiella could a so appear, and
the false codling moth Cryptophlebia leucotreta has more
chances of appearing in the South Region.

Itisrecommended to spray cotton six times per season. A vari-
ety of productsare used, but it isstill recommended that calen-
dar spraying be followed, with the first spray at 45 days after
planting to kill the over-wintering popul ation of the cotton boll-
worm; thereafter cotton should be sprayed every fourteen days.
Itisrecommended, and it has been adopted, that only endosul -
fan products be used for thefirst spray. For the next two sprays,
amixture of pyrethroids and organophosphates should be used.
The last two sprays should be made with pyrethriods and
aphicides. Thisrecommendationismadeonly if aphidsbecome
aproblem.

Entomological Research
The main objectives of the entomological research in Benin
areasfollows:

« Entomological research on cotton in Benin is more or less
aong the lines followed by CIRAD programs in various
countries. As with other countries in the region, Benin is
working on low doses of insecticides, particularly pyre-
throids, with the objective of minimizing and delaying the
development of resistance.
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« Cotton bollworm hasreportedly already developed resistance
to pyrethroids. Data show that LD, has aready reached
135% resistance in the case of cypermethrin. Thus, ento-
mology hasahigh priority for the management of resistance
of the cotton bollworm to pesticides.

 Pest populations are continuously monitored throughout the
crop period by staff posted at thirteen stationsto keep track
of the pest situation over the years.

* Inorder to study the population dynamics of important boll-
worms affecting cotton, different kind of traps are used
throughout the year. The data collected in the last few years
do not show any peaks for the bollworm during the season.

» Entomologistswork in collaboration with breedersto screen
new genotypes for resistance to pests and investigate the
sources of resistance.

» Entomologists collaborate with agronomiststo study the ef-
fect of high-density plant stand, growth regulators, etc., on
pest population, versusinsecticide use.

Breeding

The breeding program in Benin started in 1996 and isat apre-
liminary stage. Benin hasrelied on asingle cotton variety or a
few varietiesfor along period, always developed in other coun-
tries. There is much to be done to prove that work isgoing in
theright direction and it will only becomevalid when alocally
developed variety isreleased for commercial cultivation. Itis
not sure yet when it will happen, but it could be in 4-5 years.
Themain objective of the breeding programisto develop vari-
etiessimilar to or better than the only currently grown variety,
STAM 18. Yield is of course the primary criteria, but quality
will not be sacrificed for the sake of adopting local varieties.
With help from CIRAD, the program seems to have taken off
on sound scientific grounds and in theright direction.

Crosses are made regularly every year and single plant selec-
tionsaremadein the F, generation. Selected plantsare screened
not only for yield but also for quality. Selected plantsare grown
inthricereplicated trialsin the F, generation. Inthe F, genera-
tion, selection is made for crosses and lines within crosses. In
the F, generation, again selected plantsaregrownin unreplicated
progeny rows. Similar progeny rowsarefollowed during the F,
and F, generations, and only 8-10 crosses/progenies areretained.
Multi-location trials are conducted in the F, generation at farm-
ers fields when the number of progenies is reduced to only
three lines/strains and, ultimately, to only one.

Input Supply

Fertilizers and insecticides are supplied by private companies.
At present, there are nine companies engaged in the supply of
inputs. Farmers are organized in unions and they submit their
requirementsto the company working in the region. Each com-
pany, through competitive bids getsto supply inputsto an area.
Thefarmers' union in that area submitsits requirementsto the
company. If a company works well—supplying good quality

fertilizers and insecticides at reasonabl e prices and on time—it
may continue to supply inputsin that areafor many years but,
if itsperformanceislessthan satisfactory, it may havetobidin
another area and reduce its business.

Input-supply companies also educate farmers in cultivation
practices and optimum use of inputs, and they are supposed to
identify new concerns and inform farmers' unions and other
appropriate authorities. Input-supply companies are supposed
tojointhelnterdisciplinary Association on Cotton and contrib-
ute to cotton research and, although they have not joined yet,
will do so soon.

Interdisciplinary Association on
Cotton

The Interdisciplinary Association on Cotton (AIC) isanewly
created association of ginners and farmers that started func-
tioning in November 2000. It is supposed to include all seg-
ments of the cotton industry. Some other segments, like fertil-
izer/insecticide dealers, are still watching the start of the orga-
nization and are expected tojoin ultimately. However, at present,
farmers are the segment that seems more active and interested
inAIC. AlCistaking over most of the functions of SONAPRA,
which was controlled by ginners.

In 1992, the government of the Republic of Benin decided to
privatize the cotton industry except research. Although private
ginsstarted working in 1994, SONAPRA continued to play its
usua role of seed supply, extension services, marketing, and
most of the ginning. SONAPRA still ownsten gins, while eight
others are owned by eight different companies. It is expected
that SONAPRA will be privatized before the end of 2001 as
AIC has already come into being. The main functions of AIC
are

» To continue supporting research as SONAPRA did in the
past. AIC will not undertake research but will provide funds
to the Directorate of Research on Cotton and Fibers, par-
ticularly for research that can be directly applied by farm-
ers. AlIC, along with farmers' associations, will determine a
price for seedcotton and negotiate it with the government.
The fixed price will include the funds required to support
research.

» Tosupport extension activitiesand carry out thismandatein
close collaboration with cotton farmers’ associations. InApril
2001, AlC washiring extension workersfor the 2001/02 sea
son.

» To take over seed production now done by SONAPRA,
which chargesAIC for thisservice.

» Totake over cotton fiber quality control.

* Inthe past, SONAPRA would pay on average 40% of the
expected total value of seedcotton in advanceto farmersand
SONAPRA itself wasthe guarantee against the 40% advance
payment. Now farmers are required to present a guarantee
to purchase inputs from private dealers; AIC will provide
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this guarantee so that farmers can buy fertilizer and insecti-
cideswithout financial problems.

e AIC will build roads in rural areas for better movement of
cotton.

How Benin Can Increase Yields

Benin has great potential to improveyields, and it is assumed
that changes underway will have a positive impact on cotton
yields. In 2000/01, the average lint yield in Benin was 343 kg/
ha, lower than in four other countries in West Africa. For the
last twenty years, the average cotton yield in Benin was more
than 343 kg/ha.

Not only can Benin achieve higher yields, but it can surpassthe
world average in the next five years. Some of the factors that
could contribute to improved yields are;

» Benin has grown varieties developed in other countries.
Whether these varieties are the best for Benin conditionsis
yet to be determined. There aredifferencesin yiel ds between
the North and South regionswhich confirm the high response
of cotton to local growing conditions and the importance of
developing different varieties for each region. If this is
achieved, yieldswill go up.

» SONAPRA has promoted uniform agronomic practices
across Benin. Although the area under cotton is not large,
growing conditions are different in the two regions. Agro-
nomic work isin the right direction to perfect a set of pro-
duction practices for both regions and within regions, par-
ticularly in the North Region.

* Ingeneral, plant standsin Benin are not optimum. Thereisa
need to improve planting methods and increase the number
of plants per hectare.

» Herbicide use is just beginning and most weeding is still
done either manually or mechanically. Poor weed control is

Short

® Mechanism of Resistance to Bt Toxin

So far, the fear that bollworms will develop resistance to
the Bt toxin has not been realized. The mechanism by which
resistance in bollworms might develop is not completely
understood, and researchersinthe USA aretrying to estab-
lish the basisfor resistance. Researchers have used tobacco
budworm Heliothis virescens gut cells, cultured in alabo-
ratory, to demonstrate how the Bt toxin causes mature bud-
worm gut cellsto swell, burst and die. Asthe toxin-contain-
ing cells were killed, the remaining cells in the mid-gut
started producing cytokinins—substances that signal bud-
worm gut cellsto multiply and rapidly differentiateto form
new mature cells. If the insect received high doses of the
toxin, al or most mid-gut cells were killed and there were
no remaining cellsto produce cytokininsin sufficient quan-
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responsible for the current low yields in Benin, and more
efficient weed control has the potential to improveyields.

Animportant reason for weak plant standsisthe dilution of
cotton inputs, including seed. I nputs provided for cotton are
used by farmersfor other crops. Consequently, cottonisnot
properly nourished and the required doses of insecticides
arenot used. It ishard to ascertain how often farmersdivert
inputs, but it could be frequently because of the non-avail-
ability of inputs and the desire to protect food crops from
pests. Fertilizers can be diverted to other crops more easily
than insecticides. Another reason for thedilution of inputsis
that farmers are growing alarger area of cotton and the sup-
ply of inputs has not expanded as much.

Although there is arecognized need to improve production
technology, at thistime even the currently recommended tech-
nology is not followed. The adoption of recommendations
shows great potential and could certainly have a positive
impact onyields.

Notes

titiesto send messagesto produce new mature mid-gut cells.
But if thetoxin wasreceived by thetarget bollwormin lower
doses, only a small quantity of mid gut-cells were killed
and enough cellswere produced to compensate for the cells
killed. Conseguently, the target bollworm was able to sur-
vive on low doses of the Bt toxin. Researchers have con-
cluded that resi stance devel opment is quite possible because
some cotton varieties express Bt toxin more than others.
Similarly, some parts of the cotton plant expressthe protein
more than others.

When the U.S. researchers working with the tobacco bud-
worm washed the Bt toxin from the cultured gut cells ex-
posed to low doses, the ratio of cell types returned to nor-
mal and the bollworm recovered from thetoxin effects. This
is one of the early theories on how bollworms could de-
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velop resistance to some toxins, and at the sametimeit ex-
plains why low doses of the toxin do not kill all insects. It
has been observed that in order to have good control of the
target bollworm, the toxin must be expressed in high doses
and should be able to kill all or the majority of mature gut
cells simultaneously, before signal's are sent and the insect
starts creating replacement cells.

(AgBiotech Reporter, Freiberg Publishing Company, 2302
West 1st Street, Cedar Falls, |A 50613, USA, Vol. 18, No.
4, April 2001)

Healthier Oil from GE Cotton

According to news coming from the Plant Industry Divi-
sion of the Commonwealth Scientific and Industrial Orga-
nization (CSIRO) in Australia, researchers have devel oped
atransgenic cotton variety capable of producing healthier
cooking oil and margarine from cottonseed. Cottonseed il
isextensively usedin thefood industry for several purposes,
but it is generally subjected to a process known as “ hydro-
genation,” which can produce cholesterol-raising transfatty
acidsasaby-product. Hydrogenation makes cottonseed oil
suitable for human consumption in different forms. How-
ever, Australians have genetically-engineered the cotton
plant in such away that oil from theimproved cottonseed is

*kkkk

suitable for cooking purposes without the need for hydro-
genation. Products made from this oil will be healthier be-
cause they will not contain transfatty acids.

To produce the new ails, scientists “switched off” genesin
cottonseed that normally convert oleic acid—a
monounsaturated fatty acid—into a polyunsaturated fatty
acid. Polyunsaturates are nutritionally valuable, but they
break down under extreme heat, making them unsuitable
for cooking. The hydrogenation process converts the
polyunsaturates in conventional cotton back into
monounsaturates, but in transgenic cotton researchershave
prevented the formation of monounsaturates. Turning off
the genethat produces polyunsaturates has produced ahigh-
oleic cottonseed oil. According to researchers, no foreign
gene has been added to the transgenic cotton, but a very
small amount of the cotton plant’sown DNA hasbeenrein-
troduced. The healthy high-oleic cottonseed oil will remain
stable under high temperatures, making it asuitable replace-
ment for hydrogenated and saturated oilsinfood. Transgenic
genotypesareavailablefor testing, but commercial produc-
tion still has to go through many stages. If everything goes
well with the new genotypes, it will take 4-5 yearsuntil the
new varieties are planted on acommercial scale.

(Onlineat http://www.monsanto.com/monsanto/biotechnol -
ogy/default.htm)
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World Cotton Research Conference-3

Cotton Production for the New Millennium
Cape Town, South Africa
9-13 March 2003

Sponsored by the

* International Cotton Advisory Committee
* Organizing Committees of the WCRC 1 & 2
* CIRAD-CA, France

* Food and Agriculture Organization of the
United Nations (FAO)

e Agriculture Research Council, South Africa
* Institute for Industrial Crops, South Africa

After the great success of the World Cotton Research
Conference-1, heldin Brisbane, Australiain 1994, and
the World Cotton Research Conference-2, heldin Ath-
ens Greece in 1998, the World Cotton Research Con-
ference-3 (WCRC-3) will beheld in Cape Town, South
Africa, from 9-13 March 2003 under the auspices of
Cotton SA and the Agricultural Research Council of
South Africa

The theme of the WCRC-3 will be “Cotton Produc-
tion for the New Millennium.” All aspects of produc-
tion research and fiber quality will be discussed. The
Conferencewill embraceall disciplinesand will cover
aspects such as seedbed preparation, seed production,
growing, irrigation, plant protection, crop management,
nutrition, plant physiology, modeling, transgenic cot-
ton, organic cotton, harvesting, contamination, ginning
and quality measurements and dissemination of pro-
duction technol ogy.

Please, return the preregistration form to:

Dr. M. Rafiq Chaudhry

Head

Technical Information Section
International Cotton Advisory Committee
1629 K Street, Suite 702

Washington DC 20006-1636, USA

Tel: 202-463-6660 Ext. 22

Fax: 202-463-6950

Email: rafig@icac.org

Internet: http://www.icac.org

PRE-REGISTRATION FORM

Thisformisalso available onthe Internet for on-linepre-regis-
tration at the| CAC web pageat <http://www.icac.org/icac/meet-
ings/meetings.html>. Additional information will be available
in the next brochure that will be published in early 2002. To
enable usto draw up a program for the WCRC-3, please com-
plete and return the pre-registration form.

NI Lo e —————

TICK THE APPROPRIATE BOX

O | plan to attend and present a paper

O | plan to make a poster presentation

O | plan to attend the Conference

O My company would like to put up an exhibition stall

at the conference (send a separate request to the
Organizing Committee for additional information

and booking)
O | plan to go on the field trip
O | plan to go on the post conference excursion

Additional information on the Conference can al so be obtained
from the Organizing Committee at the following address:

Dr. Deon Joubert, Chairman of the Organizing Committee
ARC Ingtitute for Industrial Crops

Private Bag X82075

Rustenberg, 0300, South Africa

Tel: 27-14-5363150-7, Fax: 27-14-5363113

E-mail: director@nitkl.agric.za
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Proceedings
of the
World Cotton Research Conference—2

Chief Editor: Fred M. Gillham

The Proceedings of the World Cotton Research Conference-2 are available for sale. The
Proceedings are a significant source and reference book on world-wide cotton pro-
duction research. The price of the two hard cover volumes, along with a CD-Rom, is as
follows:

Single Copies: US$70.00 plus postage
Bulk Orders: US$63.00 per copy plus postage

Order Form

Please bill me for copies of the Proceedings of the World Cotton Research Conference-2. | understand that
they will not be dispatched until payment of invoice has been made.

Payment can be made by Visa, MasterCard or American Express (please include card number, expiration date, name of
cardholder and a signature); by check in U.S. dollars drawn on a U.S. domestic bank coded with the Federal Reserve
routing and transit numbers (a US$15 service charge per check should be added for checks without the code); or by
wire transfer to Citibank F.S.B. Washington DC USA, ABA routing No. 254070116 in account No. 6657 1073 (arrangements
should be made by sender to pay the wire transfer fee).

Charge my Credit Card type | | | | | | | | | | | | | | | | |

Name of cardholder Expiration date

Signature |:| Wire transfer |:| Check

Please return this order form to the ICAC:
M. Rafiq Chaudhry
Head, Technical Information Section
International Cotton Advisory Committee
1629 K Street, NW, Suite 702
Washington DC 20006 (USA)

Phone: (202) 463-6660
Fax: (202) 463-6950
Email: rafig@icac.org



