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i.c;ipatory research
bridging the gap 

between farmers 
and scientists 

{ 1RAD is now supporting institutional changes in cotton subsectors 

through its involvement in participatory activities in closer 

collaboration with farmers. Several programmes have been under way 

with the national agricultural research institute in Benin since 1996, and 

with the agricultural research directorate in Paraguay since 2000. 

Research, cooperation and training systems are being tested through 

these programmes. They are designed to bind ties between 

scientists of national agricultural research systems and farmers who benefit 

from the research. 

Agricultural analysis 
and farmer field schools in Benin 

Agricu ltural analyses are being carri ed out w ithin the framework of PARCOB (project 
to support cotton research in Ben in) on 250 farmers' p lots in 10 different 

villages to assess the complex relationsh ips between farmer's cropping oper
ations and cotton production resu lts (seed cotton yields and fibre 

qua lity). In the northern prov inces of Benin, the number of bo lls per 

surface area is the key yield component, as main ly determined by 
the sowing date and extent of crop protection . 

The combi nation of farmer fie ld schoo ls and th is type of fie ld 
performance analys is provides a very effective tra ining tool. It can 

be used to detect and classify prob lems faci ng farmers, wh ile 
instructing them on adopting a rationa l and responsib le attitude 
concerning crop protection, etc. The group training sess ions 
conducted in fa rmers' fie lds cou ld thus involve cu ltivating healthy 

plants, monitoring insect populations and distinguishing the action 
of benefic ial o rgani sms. The farmers are then asked to make 

drawings illustrating certain aspects of the li fe cycle of cotton plants, 
observed damage or pests, and insects present (someti mes of unknown 

status). These drawings can spark group discussions on the suitab i lity 
of potential pesticide treatments. 

I A group of farmers evaluating new lines 
in a varietal trial. 
© J . Lan ~on 
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Participatory breeding and assessment in Benin 
and Paraguay 
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In Benin, the decentra lized cotton breeding programme has high
lighted that fa rmers are ab le to carry out fie ld breed ing ini tiatives 
that are as re levant as those managed by sc ientists, but labora
tory breed ing is still essential for assessing quali ty criteria . In the 
I ight of these promising resu Its, cotton fa rmers' organ izations have 

taken over the programme and are en hanc ing the sustai nabi lity 
of the system and broadening its scope. 
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0kpara 3-4 line, high ly rated 
by farmers. 
© J. Lan<;:on 
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Savalou 4-33 li ne, 
rejected by farmers . 
© J. Lan~on 

In Paraguay, cotton farmers have been forma lly asso
c iated d irectly w ith t he eva luat ion of cotton 

va ri eties prior to their release, and highly invo lved 
in the testing. They va li dated a so-ca l led "base
satellite11 design to analyse the results of multi- location 

assessments under control led conditions in terms 
of information supplied by a network of farmers who 
have actua lly cropped these var ieties in their fields. 

Farmers· classification of six cotto n 
var ieties relative to the seed cotton yield 

[kg/hal in Paraguay. 

Classement par les agriculteurs ,~ 
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An approach that makes sense 
The results of these exper iments in Benin and Pa raguay highl ight the relevance and effect ive

ness of a participatory approach to cotton resea rch. They show that such mechanisms can bind 
links between research and users w hi le boost ing confidence at a time w hen the subsectors 
are threatened by the shutdown of cotton companies. 

For further information 
Lanc;:on J., Lewicki S., Viot C., Djaboutou M., Cousino J.C., Sekloka E. 2006. Recreer du lien dans 
les fi l ieres coton nieres : la se lect ion participative au Ben in et au Paraguay. Cah iers Agricu ltures 
15 (1 ): 92-99 . 

Lanc;:on J., Lewick i S., Djaboutou M., Chaume J., Sekloka E., Assogba L., O riu Mousse D., Bio I. , 2004. 
Decentrali zed and parti cipatory cotton breeding in Ben in : Farmer-breeders ' results are prom ising. 
Experimental Agri culture 40 (4) : 419-43 1. 

Deybe D., Vaissayre M ., 2000. Are farmer field schools an appropriate training too l for integrated pest 
management? The case of rice fa rmers in Indones ia. CIRAD, Work ing paper 46, 12 p. 
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Detectors 
implemented 
worldwide 

M ore than 100 SCT thermo
detectors have been sold since 
1988. This detector is currently 
being certified by the European 
Committee of Standardi zati on 
(CEN) and is recommended 
by the Intern ati onal Texti le 
M anufacturers Federati on. 

The high-speed H2SD detector 
has been marketed since 1998 
and is also under CEN assess
ment for certifi ca tion. Six 
detectors are presently opera
tional in USA, France and 
Egypt. 

These detectors are manufac
tured and marketed by SYDEL, 
a Montpellier-based company. 

sticK;~~ 
T-Cotton 

s detectors 

rostharvest trash contamination, such as honeydew deposited by cer

tain insects, reduces the market va lue of cotton fibre. Sticky fibre 

may clog spinning mill s, resulting in breakdowns, production losses and 

poor qua l ity end products. It is essential for both producers and 

spinners to be ab le to accurately measure cotton stickiness so as to 

optimize the bale binding process. CIRAD thus invented two stickiness 

measuring instruments-the SCT thermodetector and the high-speed H2SD 

detector. 

Fibre stickiness measurement concept 

The CIRAD Cotton Techno logy Laboratory has invented instruments fo r measuring cotton 

stickiness to help overcome this problem in the spinning process. These instruments- the sticky 

cotton thermodetector (SCT) and the high-speed stickiness detector (H2SD)-were automated 

and tai lored fo r industrial use. 

The concept invo lves qu ickly increas ing the humidity of honeydew by combining heat input 

and pressure app lied to a cotton sample. Honeydew is depos ited on a neutral substrate for 

v isual measurement or using a system w ith a camera and image analys is softwa re. 

Countries hampered by the sticky cotton problem can now 

develop an effective monitoring strategy using these 

detectors and thus eli minate sti cky cotton bales pri or to 

processing. This avo ids unfair devaluation of entire cotton 

batches on the wor ld market. In 2000, w ith the aim of 

-----..... 
promoting nonsti cky cotton producti on, 

the Common Fund fo r Commoditi es 

(CFC) funded resea rch to improve 

marketing of cotton produced in regions 

handicapped by the sti ckiness issue. This research 

jo intl y invo lved the Sudan Cotton Company Ltd., the 

______ ;r Agri culture Research Corporation (Sudan), the lnstitut 
I 

fran<;a is du texti le et de l' habil lement (IFTH) and CIRAD. 

Texti le manufacturers can then effi ciently manage their yarn 

suppli es, make sui tab le fibre blends and thu s reduce 

spinn ing problems. 

H2SD I hig h-speed st ickiness detector). 
© R. Frydrych 

Background photo: Microscopic view 
of aph id honeydew on co tto n fi bre. 

© CIRAD 
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Aphid IAph1s gossypi1). 
© M. Va 1ssayre 

An internationally renowned 
laboratory 

Thi s research and these inventions have had a major impact on the entire 

cotton industry. The scientists convey the knowledge they have acqu ired 

to stakeholders via conferences, pub lications and training sess ions. 

The CIRAD Cotton Techno logy Laboratory partic ipates in 

expert appraisa l committees on cotton contam ination and 

superv ises graduate students in their thes is research. It has estab

li shed ties and contracts with partners in USA, Germany, 

Switze rl and, Sudan, etc. Th e laboratory is recognized 

wor ldwide for cotton contam ination assessment, w ith a key 

confirmed role in development-oriented research. 

Cotton fibre contaminated by insect droppings 
infected by the fumagin fungus. 

© R. Frydrych and T. Erwin 

i::or further information 
Bachelier B., Frydrych R. , Gour lot J.P. 2004. High speed sti ck iness detector (H2SD): Measurements for 

the cotton sector. In Schneider T. , (ed.), Heap S.A., (ed.), Stevens J.C., (ed.). Proceed ings of the 27th 

Internati onal Cotton Conference [CD-ROMJ. Bremen, Germany: Faser institut Bremen e.V. , 29-40. 

In ternationa l Cotton Conference. 26, 2002/03/13-16, Bremen, Germany. 

Frydrych R., Gou riot J.P., Goze E., Lebrun B., Lassus S., Nieweadomski J.C., Drean J.Y., Lekc ir M., 2004. 
Samp ling issues for st ick iness measurements. [Abstract]. In Proceedings of the Beltwide Cotton 

Conferences 2002-2004. Memphis, TN, USA, National Cotton Cou ncil of Ameri ca, The Cotton 

Foundati on, 2417 (1 p.). 2004 Beltwide Cotton Conferences, 2004/01 /05-09, San Antonio, Texas, USA. 

Frydrych R. 2002. Les pol luants du coton : cas du co llage et des debris de coque. 2 vo l. : 201 p. , 240 

p. HOR dissertation, ENSITM, Mulhouse, France. 

Gou riot J.P., Frydrych R., 2002 . Improvement of the marketability of cotton produced in zones affected 

by sti ckiness. Proceedings of the final sem inar, Lill e, France, 4-7 July 2001. CFC, Amsterdam, Netherlands, 
ICAC, Washington, USA, CIRAD, Montpell ier, France, IFTH, Vil leneuve d'Ascq, France, SCC, Khartoum, 

Sudan, ARC-Cotton Research Program, Wed Medani, Sudan. CFC, Amsterdam, Netherlands, 196 p. (English 

and French versions). 
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ercoming seed-coat 
,..-

en t contamination 
in cotton fibre 

(
otton fibre conta ins various impurities, including leaf and stem pieces, 

insect droppings, whole or broken seeds, seed-coat fragments, etc. 

Some of this trash, such as leaf and stem pieces, is easy to remove, 

but seed-coat fragments are harder to eliminate because of the attached 

fibres. These contaminants may still be present at the spinning stage 

and result in production spoi lage. CIRAD has developed Trashcam, an 

apparatus for detecting and quantifying seed-coat fragments, and its cotton 

breeding programmes now take this criterion into account. 

What causes seed-coat fragmentation? 
Cottonseed consists of a shel l and a kernel. The shell has six tissue layers and each of its fi bres 

derives from a ce l l in the outermost layer. 

Ginning-a mechanized operation to separate the fibre from the seed-causes seed-coat frag
mentation. The fragments are from frag il e parts of the seed coat that are torn off or fragmented 
during ginning. These seed-coat fragments remain attached to the fibres they bear and are thus 
hard to remove during post-ginn ing cleaning operations. Many of these fragments are not elim
inated before the spinning stage, and are subsequently found in the yarn and texti les. Thi s 

trash reduces yarn strength and may lead to breakage, which diminishes the strength and appear
ance of the woven textil e end product. Texti le manufactu rers have therefore become more 

demanding with respect to cotton f ibre purity, and this rise in standards has had an impact 

on cotton cropping, harvesting and ginning conditions . 

Economic and qualitative impacts 
Th ick places 

. . . 

Spinn ing machines have become more sophisticated and faster, which 
has made them more vu lnerable to the presence of lint impurities. Cotton 
fibre contamination, regardless of the or igin, is thus an economic 
impediment for the text ile industry. 

Manufacturers strive to reduce this contamination by intensifying cleaning 
operations during ginning (increasing the number of seed-cotton and lint 
cleaners) and spinning (precleaning during genera l preparation, cleaning 
during spinn ing) . Cleaning trash that can be separated from the fibres leads 
to a loss of material, which could be detrimenta l to the intrinsic techno

logica l fibre properties. Card ing is not very effective for eliminating 
impurities such as hull fragments-this operation may even shatter the 
fragments, so carded lint may contain a higher number of fragments than 
raw lint. 

Seed-coat debris on cotton yarn. © M. Krifa 



of seed-coat fragment 
co ntamination in fibre web 

and yarn . © R. Frydrych 
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Seed-coat fragments are a major source of yarn imperfections (neps, thi ck places) w hen fibres 

are processed into yarn and fabr ics. The presence of this trash during spinn ing reduces the 
yarn yield (quantity of yarn obtained from a quanti ty of raw fibre or obtai ned per time unit) 
and quality. Moreover, yarn twisting helps bond the fibres, but bonding is hampered by the 
presence of these fragments, thus reducing the tensi le strength of the yarn . Yarn tens ion is high 
during weaving and knitting operations, so the presence of seed-coat fragments can induce 

yarn breakage, thus causing machine shutdowns and increas ing production costs . 

Some fabri c fini shing operat ions such as scouring and bleaching may eliminate most seed

coat fragments . These operat ions enhance the visual aspect of the product but not its strength . 
After dying or printing, residua l seed-coat fragments appear as dark spots, often surrounded 
by a paler area, w hich reduces the market va lue of the product. 

Control methods and recommendations 
Initiatives to reduce seed-coat fragment contam ination in cotton fibre have 

been focused on cotton technology and breedi ng. CIRAD invented Trashcam, 

an apparatus designed specifically for identifying, quantifying and measuring 
seed-coat fragments in cotton fibres . This instrument is mainly used by 

sc ientists to assess the negat ive effects of these fragments on ya rn qua! ity, 
especia l ly its uniformity and strength. These effects are more marked w hen high 

quality fibre is invo lved . 

Thi s trait is geneti ca lly heritable, so breeding studies have been carried out 
by CIRAD, giving rise to va rieti es th at produce cotton w ith low seed-coat 

fragmentation, in addition to excellent agricultural and technological features. Cotton 
breeders also use Trashcam to eva luate this cr iterion in their breeding programmes. 

For further information 
Bachelier B., Lassus S., 2000. Breed ing aga inst seed coat fragments in cotton fiber (Cossypium hirsutum 
L.) using image analysis on ca rd web. In Beltwide Cotton Conferences, San Antonio, TX, USA, 3-10 January 
2000. s. l. , s. n., 7 p. Beltw ide Cotton Conferences, 2000/01 /03-10, San Antonio, USA. 
Bachelier B., 1998. Contribution a l'etude de la va ri abi lite et du determinisme genetique de la teneur 
en fragments de coques de la fibre de coton. Prem ieres applications pratiques en selection chez Cossypium 
hirsutum L. PhD thesis in Biology and Agronomy, ENSAR, Rennes, France, 271 p. 
Gourlot J.P., Frydrych R., Hequet E., Thollard F., Constantin 0., Bachelier B., 1995. Seed coat fragment 
counting and sizing in ca rd web. In Beltwide Cotton Conferences, 1995/01 /04-07, San Antonio, TX, USA, 
Proceed ings of the Beltwide Cotton Production Research Conferences, National Cotton Council , 
Memphis, TN, USA, 1245-1249. 
Krifa M., 2001. Etude des fragments de coque de gra ines de coton : Detection, ca racteri sa tion, inter
action avec les processus de fil ature et influence sur la qualite du fi l. PhD thesis in Engineering Science, 
ENSITM, Mulhouse, France, 258 p. 
Mangialardi G.J. , Lalor W.F., 1990. Propensity of cotton va ri eti es to neppiness. Transactions of the ASAE, 
33 (6): 1748-1758. 
Pearson N.L., 1939. Re lation of the structure of the cha laza l portion of the cotton seed coat to rupture 
during ginning. Journa l of Agr icultural Resea rch 58 (11 ): 865-873. 
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In West 
Centra l 

Cotton gin sites 

countries, cotton production 
is currently above a mill ion 
tonnes of fibre, i.e. 14% of the 
total wor ld trade vo lume in 
2004, whereas it was on ly 4% 
in 1980! Cotton thus accounts 
for up to 40% of the export 
earn ings of these countries. 
Ten mi l lion peop le are living 
on income from this compet
itive crop- one of the few 
African success stories .. . 

Key role of farmers' 
.,,- organizations 

t participation in national agricultural policymaking is a 

key challenge for the reorganization of cotton subsectors in many 

African countries. Cotton producers have been handicapped by the drop 

in world prices and many national cotton companies are currently being 

privatized. CIRAD is thus working with institutions in several African 

countries and is active ly promoting the professionalization 

of farmers' organization leaders. 

Advent of farmers' organizations 
In West and Central African countries of the "franc area", cotton 

deve lopment was based on the same mode l until the 1990s, i.e. 
a semipublic cotton company managing the industry, with village 

farmers' organizat ions linked to the company. The heads of these 
organ izations thus benefited from literacy and training initiatives, which 

gave rise to trained l iterate farmer leaders . The cotton sector was 
subsequently affected by structural adjustment policies and privatization, often 

advocated by the Wor ld Bank. Cotton farmers then began forming organizations 
to safeguard their interests . 

The Malian situation 
In Ma li, the drop in world cotton prices combined w ith the deficit of CMDT, the Ma li an 
texti le deve lopment company, sent shock waves through the industry and signal led the end 
of the system of remunerative pr ices and guarantees for producers. In 2004, the government 
bolstered the industry with the help of donors. In 2005, the seed cotton buying pri ce dropped 
by 20% relative to prices the previous year, which had a serious impact on farm ing famil ies 
and on the Malian economy. 

Cotton producers' cash income is now plummeting-175 000 fami lies are affected, or more 
than 2.5 mi ll ion peop le in a region where almost 80% of rural inhabitants are living under 
the poverty line. The agricultural sector is the mainstay of the Malian economy, so this crisis 

will have an unprecedented impact, i.e. a 2-4 point drop in the 
GDP and a reduction in farm household consumption, with a 
concomitant redu ction in other trade and serv ice activities. 

In this harsh setting, it is vital to create a farmer-managed 
support mechanism to freeze production pri ces and boost 
competit iveness. The longer term challenge is also to enhance 
farmers ' status in the new privatized industry and in coordi
nation bodies, e.g. in the joint-trade organ ization currently being 
developed. 

Loading harvested cotton . 
© P. Dugue 



Farmers' initiatives 

In Burkina Faso, the cooper
ative union ha s common 
shares in the three cotton com
panies located in the cotton
growing areas (SOF ITE X, 
FASOCOTON, SOCOMA), so 
fa rmers have direct access to 
information and are invo lved 
in decision making. 

In Mali , farmers have formed 
unions. The first movement 
occurred in 1992, wi th a strike 
affecting deliveries of cotton to 
CMOT, w hi ch had a seed 
cotton purchasing monopoly. 
Farmers also went on strike in 
2000 and refused to sow the 
cotton crop, result ing in 
a spectacul ar 50% drop in 
producti on. The unions are 
now partia ll y assoc iated w ith 
the indu stry management 
and handle certain economic 
activities. 

Partners 

IER, lnstitut d'economie rurale, 
Ma li 

ROPPA, Reseau des 
organisations paysannes et de 
producteurs agri co les d' Afrique 
de l'Ouest, Burkina Faso 
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The voice of African farmers 
in international bodies 
In September 2003 , four African countr ies protested the subsidi za tion of cotton producers in 
severa l countries (especia lly USA and EU states) which has distorted world prices. Benin, Bu rkina 
Faso, Mali and Chad put forward a proposa l du ring the 5th WTO Min isteria l Conference at 
Cancun ca lling fo r the subsidies to be eliminated. This African initi ative drew worldwide 

attention to the cotton issue and more generall y to the conditions of intern at ional integration 
of poor countri es into liberal ized markets. For the first time, intern ational trade negotiations 
were tripped up by a request from a deve lop ing country, and this demand was legitimized by 
most other countri es. However, no precise response to the African cotton issue was provided 
at the 6th WTO Min isterial Conference at Hong Kong, in December 2005, despite the progress 
made at Geneva in November 2004 with the creat ion of the WTO Cotton Sub-Committee. 

Beyond these events, the key breakthrough is the progress ive participation of African cotton 
producers in national and internat ional d iscussions. The Afr ica n Cotton Producers ' Association 
(APROCA) was thu s founded. These producers are now quick ly gain ing 
exper ience with respect to wor ld cotton market operations and spec ific 
features of cotton subsectors. CIRAD-through resea rch, expert ise 
and training activities-is invo lved with its partners in ass isting 
these farmers' organ izations in developing their own strong 
arguments to put forward within coord ination and negotiation 
bod ies. 

Techni ca l discussions among cotto n produ ce rs. 
© P. Dugue 

For further information 
Bose P.M., Berthome J. , Losch B. , Merco iret M.R., 2002. Le grand saut des organisations de producteurs 

agri co les africa ines : de la protection sous tutelle a la mondial isation. Revue internationa le d'economie 
socia le 285: 47-62. 

Nubukpo K.K ., Keita M.S., 2005. Reforme du mecanisme de fi xation du prix d'achat du coton au pro

ducteur malien et consequences dans un contexte de chute des cours mondiaux. In Hazard E. (ed. ), 

Negociations commerciales internationales et reduction de la pauvrete. Le livre blanc sur le coton. Enda 
Ed itions, Dakar, pp. 11 7-131. 

Pesche D., Nubukpo K., 2004. L' Afr ique du coton a Cancun : les acteurs d'une negoc iation . Politique 
Africaine 95: 158-168. 
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ily farming advice 
in West African 

otton-growing areas 

f'he development of cotton production in Western and Central

Africa began in the 1 960s. Most farmers have acqu i red 

considerable technical skills concerning this crop, especially with 

respect to the use of animal draught, herbicides, weed and pest contrai. 

Current initiatives are geared towards improving farming system 

adaptability by providing better advice on technical and economic 

issues. Cl RAD and partners are conducti ng development-oriented 

research to corne up with family farming advisory systems that could 

faci I itate farmers' adaptation to a diverse range of situations. 

A progressive approach 

Family farming advice is aimed at 
developing farmers' decision-making 
capacities and responsibilities. Through 
a self-analysis approach, extension 
officers encourage discussion, initia
tives and forecasts on both technical and 
economic aspects of overall farm 
operations. 

• • • • • • Year 1 • • 
From training 

to management basics; 

• • • • • • • • • • • Year 2 • 

... to taking technical-econom1c 
indicators into account; 

•·• Year3 •••••._ 
... to analyse 

and provicle farm aclvic.e. 

From group leadership 

Collective discussion 
at Mafa Kilda, Cameroon. 

© PRASAC 

A field visit, Cameroon. 
© PRASAC 

to indiviclual advice 

Extension officer 
and cotton farmer, Cameroon. 

© P. Dugué 

Farm management advice-the initial str;itegy 
ln cotton-growing regions of Mali and Burkina Faso, CIRAD and partners first cleveloped a 
farm management aclvice strategy whereby extension officers trainecl farmers on the use of 

management tools. This farm management advice was designecl 
for literate farmers who were instructed on keeping a manage
ment log book, which enabled them to calculate and analyse 
gross margins per crop (or per livestock unit) and manage the 
farm finances. This operational method worked if the extension 
officers were paicl through a development project, but it was 
expensive since the groups handled by each officer were lim
itecl to around 20 farmers. Finally, some deviations were noted, 
e.g. extension officers were sometimes obliged to record data
(normally the farm leader's task).

Farmers getting farm management adv1ce, Cameroon. © P. Dugué 



Farm advisor talking 
to a fa rme r on draught 
oxen care, Cameroon. 

© P. Dugue 
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The new strategy-farmer training oriented 
groups 
Nowadays, fam ily farming advice is focused more on promot ing farm ing princip les than on 
using standard management tools . Methodologica l manua ls are ava il ab le for extens ion 
officers. A log book is still used to record data, but the emphasis is on analys ing the different 
steps of the dec ision process so that il l iterate farmers w ill also benefit from the fa rming adv ice. 
The log book is used w hen the partic ipants' decisions have to be based on accurate tech nica l 
or economic ind icators. Thi s initiation to economic management is accompanied by adv ice 
on new technica l practices used by farmers or other techniques that cou ld fulfil their needs 

(innovati ons deve loped by sc ientists or fa rmers from other reg ions). 

This advisory work on farmers' strategies, technica l options and management too ls 
invo lves groups of 10-1 5 farmers . The extension officer thus becomes a trainer w hose 
task is to initiate discuss ions and in turn superv ise dynamic co ll ective and indiv idua l 
initiatives, e.g. experiments ca rri ed out by fa rmers or a v ill age seed-producti on 
organization. 

Information exchange 
via farmers· socioprofessional networks 
In western Burk ina Faso, recent stud ies by CIRAD revea led that technica l and econom ic infor
mation spread via soc ioprofessiona l networks based on key farmers. Village cotton producers' 
group leaders cou ld be effective agents for transmitting this in fo rmation. However, cotton 
extension systems currently depend on extension officers w ho just oversee a few fa rm s. This 
system is now hard to finance beca use of the cotton crisi s and the lack of funds availabl e to 
pay extension officers. CIRAD and partners have initiated research programs in two directions: 
• promoting greater farmer autonomy by focusing on training rather than on providing 
individual adv ice; 
• promoting loca l information exchange dynamics through resource farmers supported by 
farmers' organizations so as to reduce extension officer interventions. 

For further information 
Djamen Nana P., Djonnewa A., Havard M ., Leg ile A., 2003 . Former et consei l ler les agriculteurs du 
Nord-Cameroun pour renforcer leu rs capac ites de pri se de dec ision . Ca hiers Agricultures 12: 241-245. 

Faure G., Dugue P., Beauval V., 2004. Consei l a ['exp loitation fami liale. Experiences en Afrique de l'Ouest 
et du Centre. Guide Pratique. Paris, GRET; Montpell ier, CIRAD, 127 p. 

Foy-Sauvage L., Rebuffel P., 2002. Etudes des processus d'echanges d' informat ion et d'apprentissage en 
milieu rural sahelien pou r l'accompagnement des dynamiques d'autodeveloppement. In Actes du 
co lloque Savanes Africai nes : des espaces en mutation, des acteurs face a de nouvea ux defi s. Garoua, 
27-3 1 May 2002, PRASAC, CIRAD. [CD-ROM] ISBN CIRAD 2-87614-580-4. 
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Cotton-growing region of 
northern Cameroon. 

ect seeding mulch
Sed cotton cropping 

ystems in Cameroon 

f,. the cotton-growing region of northern Cameroon, CIRAD, IRAD 

and SODECOTON are conducting research, in both the station and 

on farms, on direct seeding mulch-based cropping systems (DMC). The 

focus is on specific cropping techniques and on merging these cropping 

systems with traditional land, farm and livestock management practices. 

D MC features 
D irect seed ing mulch-based cropping systems are unique as they do not requ ire ti ll age, the 

soil is permanently protected w ith mu lch or a spec ial live p lant cover, and the ma in crop is 

grown in rotat ion with an improvement crop. These cropp ing systems are designed to ach ieve 

high sustainab le crop yie lds, preserve and enhance soil ferti l ity by reducing erosion and 

generating organ ic matter and, final ly, all eviate heavy labou r. 

Braz il is currently the most advanced country w ith respect to DMC adoption, with 

over 20 mi l lion ha under such systems. In Cameroon, 

CIRAD and partners in itiated the first DMC trials 

in 2001. 

Better yields with 

Cotton plant emerging 
from mu lch. 

© P. Dugue 

a cotton-cereal crop rotation 
Cotton-cerea l crop rotations are common in northern Cameroon . The f irst DMC were based 

on this rotation. In the first year, the cereal (sorghum, maize or mil let) is intercropped w ith a 

cover crop, e.g. Brachiaria ruziziensis, Mucuna pruriens, Dolichos /ablab, Crotalaria retusa or 

Vigna unguiculata. The generated biomass is left in the f ield or partia lly grazed by livestock 

and serves as mulch for the subsequent cotton crop. 



Manbang vil lage . 2003. A •MC is shown on the left-biomass 
production is greater and Brachiaria ruzisiensis inhibits witc h
weed IStriga sp .] growth. On the right , the so le sorghum crop 
is almost completely ove r run by witchweed !pink-blossomed 
parasitic plant]. 

The same plot in 2004. On the left, cotton was direc;t seeded on sorghum + Brachiaria 
ruzisiensis mulch . On the right, cotton was sown after tillage. The •MC cotton crop is at 
a more advanced growth stage than that grown in the tilled area since it was sown 
15 days earli er las no tillage was required] and since soil moisture was higher under the 
mu lch. 

© K. Naudin 

Partners 

Cameroon: IRAD, lnstitut de 
recherche agronomique pour le 
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Thi s research is fu nded by the 
French Development Agency, 
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© K. Naudin 

Eln 2004, in the northernmost part of Cameroon, where drought is most severe, DMC cotton 

fields had a mean seed cotton yield of 1.8 t/ha, while conventionall y cropped cotton fields 

y ielded 1.5 t/ha. Thi s y ield gain was mostly due to en hanced rainwater infiltration and more 

effic ient water use by the crop. 

These techniques reduce labour time. Di rect seed ing mu lch-based cotton cropping systems 

require less labour and cultivation than conventional cotton cropp ing systems, i.e. no tillage 

or ridging, no weeding if there is an adequate mulch layer. The overall results are better under 

cotton DMC, even when herbic ide spot treatments are necessary beca use the mulch layer is 

not sufficient and when urea has to be app lied to boost fertility in 

the first 2-3 years, e.g. labour productivity is €3.5/man-day 

as compared to €2 .3 under a conventional cotton crop

ping system. Soi l structure and ferti l ity are enhanced 

in addition to the higher crop yields. . ~ 

Farmers being trained on co tton •MC 
techniques . 

© K. Naudin 

For further information 
CIRAD Agroecology Network site, 2005. [On line] [01-01-2006]. 

http://agroecologie.ci rad. fr 

IIRR, ACT, 2005. Conservation Agricu lture: A manual for fa rmers and exten

sion workers in Africa. Published by the Intern ational Institute of Rural 

Reconstruction and the African Conservation Tillage Network. Avai lab le from II RR-Africa, P.O. Box 66873 

Westlands, Nairobi, Kenya, 269 pp., ISBN 9966 9705 9 2(Pb). [On line] [01-01 -2006] http://www. iirr.org 
http://www.act.org.zw 

Email: training@iirr-africa.org 
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Central African savannas 
suitable tor cotton cropping. 

Farmers· strategies 
in Central African 

ton-growing areas 

' 

Central Africa, cotton development is tightly l inked with the role 

It of governments in providing technical support, credit for farmers 

and ensuring that farmers' harvested produce will be purchased at a fixed 

price. These government interventions began being questioned in the 

1980s, however, because of the financial deficits, just at the time of the 

world cotton market crisis. Since then, cotton subsectors have been restruc

tured, governments have withdrawn from their commitments, national 

cotton companies are being privatized and farmers are forming 

an increasing number of professional organizations. CIRAD and 

PRASAC its Centra l African research and development partner, 

thus conducted an analysis of farmers' adaptation strategies within 

this setting. 

Cotton cropping 
from the farmer's standpoint 
According to cotton producers, cotton cropping has developed through three main 

phases-cropping by co lonial settlers prior to independence, cropping by traditional or admin
istrative authorities after independence, and cropping by individua l farmers as of the 1980s. 
The great cotton crisis began around 1985 when prices plummeted, fo llowed by a roller-coaster 

type pr ice pattern. Cotton is thus now considered as a risky crop. The drop in seed cotton 
pu rchase prices, sometimes with a concomitant rise in 
input prices, were the ma in features of the cotton cr isis 

Status of cotton on farms in Cameroon, Chad 
and the Central African Republic 

that affected farmers. 

The current status of cotton in Central African produc
tion systems depends on the region and the type of farm 
considered. Cotton cou ld potentially account for over 
a half of the farm income, despite the fact that yields 
of th is crop are low and it is grown on less than a third 
of the total crop land. Th is contri bution is very low in 

the Centra l African Repub lic, however, because farmers' 
activities are very diversified. In all cases, income from 
cotton enables farmers to invest in draught an imals, live
stock, homes and land, to pay back debts and even buy 
cereals, wh ich is currently taking place on farms affected 
by food shortages in Cameroon and Chad. 

Farm Cameroon Central Africa Chad 
characteristics Republic 

N° of people 6 6 6. 1 
(incl. 3 workers) (incl. 2.9 workers) (incl. 3.3 workers) 

Total cropping area (ha) 2.2 2.2 2.8 

Area under cotton 33 25 21 
(% of total cropping area) 

Seed cotton y ield 1 000 630 660 
(kg/ha) 

Total farm 270 000 250 000 220 000 
income (FCFA) 
--- -
Income from cotton 60 15 52 
(% of total farm income) 
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In all cases, the head of the farm decides on w hether or not to grow cotton according 
to his/her own interest and pending opportunit ies. Under the current cris is, fa rmers 
first react indiv idually by adj ust ing their act iv it ies to offset the market impact. 
There are three trends: 
• farmers who consi der cotton as the key crop in their production system. They 

usually manage large farms w ith many workers; 
'i - • opportuni st ic fa rmers w hose strategy is not just focused on cotton cropp ing. They 

grow cotton w hen pri ces ri se but not w hen they decl ine; 

Key crop on th e farm 

Opti onal crop 

Divers ificati on cro p 

Three cri sis adapta ti on 
stra teg ies of co tton fa rmers . 
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Chad 

16 11 

• fa rmers w ho consider cotton as a d iversif icat ion crop . These farmers 
operate d iversifi ed farms and are the most numerous. They may red uce the 
cotton crop to focus on other acti vit ies, bu t stil l keep it for the fri nge 
benefits. 

Fro m a co ll ect ive standpo int, fa rmers benefi t from mutual group so lida ri ty 
in their adaptatio n initi ati ves, thus minimizing social costs assoc iated w ith 
ind iv idual strategies . Farmers' o rgani za ti ons are fo rmed to share resources 

among members, to coordinate act iv iti es and to have more 
c lout w hen dea ling with other operators in the subsector. These fa rmers' 
o rgani zations are now beginning to closely resemb le profess io nal 
o rga ni zations. 

In response to these d ifferent strateg ies, PRASAC, in 
partnership with CIRAD, deve lopment agenc ies and fa rmers' 
organizations, assessed vari ous counse lling schemes designed 
to help ind iv idual fa rmers and farmers ' orga ni zati ons adapt 
to changing patterns w ithin the subsecto r. 

A family of cotton fa rm ers in north ern Cameroo n. 
© J.-Y. Jamin 

Collec tion of harves ted co tton at Len~. Chad. 
© J.-Y. Jamin 

For further information 
Mbetid-Bessane E., Hava rd M., Djonnewa A. , Djondang 
K., Leroy J., 2002. Strategies des agri culteurs des savanes 
d'Afrique centrale face a la restructuration de la filiere 
coton . In Jamin J.Y., Seiny Boukar L. (sc ientific editors). 
Savanes afri ca ines : des espaces en mutation, des acteurs 
face a de nouveaux defi s. Conference proceedings, 
Garoua, 27-3 1 May 2002, PRASAC, CIRAD. [CD-ROMJ 
ISBN Cl RAD 2-87614-580-4. 

Mbetid-Bessane E., 2002. Gestion des exploitations agri
coles clans le processus de liberalisa tion de la fi liere coton
niere en Centrafrique. PhD th es is in Economy, lnstitut 
national polytechnique de Tou louse, France, 3 17 p. 

Kossoumna Liba'a N., Havard M., 2006. Mutations de la 
fi liere cotonniere clans les provinces septentrionales du 
Cameroun . Perception et strategies paysa nnes. Cahiers de 
Ceographie du Quebec, Vol. 50, No.0 139: 65-82. 
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Chemical fertility 
of tropical sorls 
M ain ta ining the organi c 
fertility of tropica l soils is a key 
cha I lenge fo r th e future of 
co tton-grow in g areas in 
sub-Saharan Afr ica, for three 
reasons. First, so i I o rgani c 
matter minerali za ti on is the 
main source of essent ial 
nutrients for crops. Secondly, 
in addition to clay contents, 
so il organic matter accounts 
for a major share of the cation 
exchange capacity of soi ls, 
which is an essential transi
ti onal phase for some minera l 
elements (potass ium, ca lcium, 
magnesi um) pri o r to their 
ass imilation by crops. Thirdl y, 
the intense bioactivity in so il s, 
w hich is responsible for so il 
organic matter mineralization, 
makes the chemi ca l so il 
fertility component hi ghl y 
vo latil e. 

Fe rti lizati on 
of cotton crops 

in 'SUb-Saharan Africa 

I West and Central Afri ca, cotton farmers buy most of their chemical 

,- ferti I izers from cotton companies- direct ly fo r cotton c rop 

fertilizers and under payment guarantees for food crop fertilizers. These 

companies provide credit for input supplies and fa rmers pay them back 

when the cotton is first marketed. Cotton cropping has an economic ro le 

vi a the cash income this activity generates, but it is also essential in 

maintaining soil fertility through mineral inputs by chemica l fertilizer 

appli cati ons. CIRAD is study ing fertilizati on practi ces under crop 

rotation systems to assess the short-term econom ic impacts and longer 

term effects on soi I fert i I ity. 

High mineral deficiency 
There can be a shortage of some minerals (K+, Ca ++, Mg++) in soil s under cotton-cerea l rota

ti on systems. Organic and chemica l fertili zer appli cati ons cannot offset mineral losses caused 

by the export of Example of the potassium mineral balance of a typ ical 3-year crop rotation 
harvested crops and __ (sorghum-cotton-sorghum) in Mali . 

crop res idue. Crop and obtained Fertil izati on Exporta ti on Potass ium 
yield (kg/ha seed (Kp , kg/ha) (~O, kg/ha) balance 
o r seed cotton) 

fe rt ilizer manure harvest res idue 
(kg/ha) 

Sorghum 1 00~ 12 17 11 16 + 2 

Cotton 1 300 kg 4 17 5 52 - 36 

Sorghum 1 000 kg 4 17 5 52 - 36 - - -
Tota l: 3-year defi cit ba lance - 70 

Since the 1980s, the pri ce of chemica l fertili zers has increased substantially whereas the 

purchase pri ce for seed cotton from producers has marked ly dropped-in 2000, producers 
had to se ll twi ce as much cotton to 
pay for their inputs than in 1980. see~kc~tton 

The quantity of chemica l fertili zers 
9 

appli ed by farmers in their crop 
fields has consequently decreased. 
Thi s means that the crops do not 

grow as we ll , i .e. lower y ields, 
and lower amount of crop res idue 
recyc led in the so il (roots, stems, 
straw, etc.), with a concomitant 
worsening of the so il mineral 
defi c iency in these fi elds. 

500 

450 w • fertilizer I t ! j 
400 • insecticides .::> i 

350 ~~ inpuls I . . . _ 0 

300 t
- - - ----- ~~~ • ~,-;:_ ;..a_ ... ------' .~·~. I 

250 +---------~-------------< 
200 +-----------0,,....."'--,r--c-- ==--~ I 
150 1 .=--::____...- •• ~-== I 
100 I 
50 +--- ~ --== I 
0 +----.----,--------,r-----.----.----, 

1975 1980 1985 1990 1995 2000 2005 

Var ia tions lin seed cotton equiva lents! in costs concerning cotton cropping 
inputs I fert il ize rs, pestici des, sum of these inputs! in Burkina Faso. 



Potassium deficiency symptom 
on a cotton pla nt. 
© C. Gabore l 
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Nutrient deficiency symptoms 
in long-standing cotton fields 

Chronic soi l mi neral defici ts ca n lead to the dep letion of so il reserves of some minera ls, 

especial ly potass ium and magnesium . Crops may then show visible signs of nutr ien t 
defic iency d isorders-magnes ium and potass ium deficiency symptoms are very 

common in regions w ith a long history of cotton growing. In these areas, the 
fo rmul a of compound fertili zers commonly used in cotton crop fields (14 N - 23 P 
- 14 K - 5 S - 1 B) shou ld thus be modified by red uci ng the phosphorus concen
tra tion, increas ing that of potass ium and add ing magnesium. 

CIRAD, in pa rtnershi p w ith nationa l agricultural resea rch systems, puts forwa rd 
recommendati ons to cotton companies wi th respect to estab-

l ishing cond itio ns fo r chem ica l fe rt ili zer supp ly tender 
requests. CI RAD experts also advise farmers on adapting 

m inera l manu re app li cat ions in cotto n crop f ie lds 
accord ing to the cropp ing hi story of the field. 

IFDC's M IR project, based on recommendat ions put 
forward at the Cotton Conference of West and Central Afr ica 
(Cotonou, 2005), is under way in four countri es (Benin, 
Togo, Burkina Faso and Mal i), in co llaborati on w ith the 
West and Central African Council for Agri cu ltural Research 
and Deve lopment (WECARD), fa rmers' organ izati ons 

and ferti li zer manufacturers. The aim of th is project is to °' 
conduct tests in Beni n, Togo and Burkina Faso to assess 
results prev iously obtained in Ma li, w hi le also ta il oring 
ferti l izer formul as to overcome so il m ineral defic iencies noted 
in th is pa rt of Afr ica. 

Frequency {%) of deficiency symptoms observed 

in cotton-grow ing regions of M ali in 2004 relative to the number 
of plots surveyed (104 plots in 12 villages). 

Region N itrogen Phosphorus Potassium Magnes ium 

Fa na 12 4 59 57 
-- -
Koutiala 100 0 97 84 

Sikasso 25 0 52 50 

Bougouni 46 0 71 0 

Kita 10 0 91 58 

For further information 

Magnesium deficiency sympto m 
on a cotton plant. 

© C. Ga borel 

Braud M ., 1981. lnten~t du cotonn ier, support de tests bio log iques pour contr6Ier !'evo lution de la fer
ti lite d'un so l. Coton et Fibres Trop ica les, 36 (4): 305-312. 

Cretenet M ., Dureau D., Trore B., Bal lo D., 1994. Fertil ite et ferti lisati on dans la region sud du Mali : 
du d iagnosti c au pronostic. Agri cu lture et Deve loppement 2: 4-13. 

Hodges S.C., 1992. Nutrient defic iency disorders. In R.J. H illocks (ed.) Cotton diseases. CAB International, 
Wallingford, UK, pp. 355-403 . 



• MICHEL FOK I 
m iche l.fok@cirad .fr 

!RU Cotto n Farmin g System s 
Avenue Ag ropolis, TA 72/09, 
34398 Montpellier Cedex 5 

France 

W rn1 LI ANG 

lwl@mail .hebau .edu.cn 
HEBAU 

Baoding 071001 , Hebei 
China 

N A IYIN Xu 
na iy i n@jaas.ac.cn 

RII C, )ian gsu Acad emy of 
Agr icultural Sc iences 

50 Zhon gling Street 
Xiao lingw ei, Nanjing 210014 

China 

orton in China-a giant 
with intensive 

sustainable smallholdings 
run by women 

{
hina has been the world's top cotton producer for more than 

20 years. CIRAD conducted surveys in Hebei and Jiangsu 

provinces, in collaboration with its Chinese partners, to assess 
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smallholder cotton production patterns. Structurally, China 

is still a cotton importer. The adoption of genetically 
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modified cotton varieties has not altered this situation 

because of the tiny size of farms. Chinese family 

agriculture is highl y resilient due to diversification of 

farm family income sources, and labour reorganization, 

with women taking on a key role-this flexible setting 
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should enable China to maintain its top world cotton 

production ranking. 
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Women-th e main full- time farm ers 

(Heb ei province ). 
© M. Fok 

Cotton production in three expansive areas 
Fibre lt l 
Area Iha) Cotton area and fibre product ion patterns since 1981. 
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In China, cotton was grown on an area of 
almost 5 m il li on ha in 2005. Crop yields are 
amongst the highest in the wor ld, i.e. arou nd 
3 500 kg/ha of seed cotton. 

The Yel low River Va l ley is the trad itional 
cotton-grow ing area, and it is also where 
genet ically mod ified varieties are the most 
widely cropped. The autonomous region of 
Xinjiang, a dry area in western Ch ina, currently 
accounts for more than a third of the nationa l 
cotton production . Further south, in th e 
Yangtze River Va ll ey, cotton is hampered by 
having to be integrated in systems with two 
to three crop cycles. 



Farmers usi ng their own 
vehicles to deliver harvested 
cotton to a buying centre 
[Hebei province]. 
© M. Fok 

Home of a farmer involve d 
in input distributi on 
IJiangsu province ]. 
© M. Fok 
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Intensive technically-advanced 
cotton production 
High sustainab le crop yie lds are achieved through supplementa ry irrigation, 
p lasti c mulching and app li cation of high dosages of inputs (fertil izers, 
pesticides, growth regulators). There is also high labou r investment on 
garden-sized plots, for transplanting, weed ing and topping p lants after the 
fru iting stage. 

The government has long been subsidizing cotton crop intens ification in 
var ious ways with the aim of reduci ng input expend itures. Substantial 
decentrali zed research is also being supported, w hich has given rise to many 

original and w idely adopted innovations (transp lanting techniques; cotton growth regulation 
systems; genetica ll y modified varieties conta ining two complementary genes, inc luding one 
Bt gene; and hybrid var ieties). The cotton industry was libera lized after the mid- l 990s and 
crop intensificati on strategies are st il l being implemented despite the high cost to farmers. 

Tiny part-time farms managed by women 
Chinese farms are generally a few thousand square metres in size (0.3-0.6 ha). 
An average farming fami ly consists of three to four members, but onl y one 
to two of them actually work in the crop fi elds. Women se ldom have a sa laried 
job outs ide of the family fa rm, so it cou ld be stated that farming is now 
general ly managed by women and elder ly peop le. 

CIRAD's surveys conducted in Hebei and Jiangsu provinces revea led that 
farm ing is no longer the main income source of farming fami lies. Non
agricultu ral income enab les farmers to practice intens ified cropping and to 
se l I their farm produce when the pr ices are most favourab le. This factor 

enhances their res il ience. The gap is widening with urban dwellers, but farmers' living 
standards are improv ing, as many households are now equipped w ith var ious app l iances 
(TV, wash ing machine, microwave oven, res idential phones and ce l l phones) . 

For further information 
Fok A.CM., Liang W., Wang G., Wu Y., 2005. Diffusion du coton genetiquement modifie en Ch ine : 
lec;:ons sur les facteurs et lim ites d'un succes, Economie Rural e, 285: 5-32 . 

Fok A.CM., Liang W., Wang Z. L. , Wu Y. , 2004. Differentiated management of GM diffusion in China: 
Further hamper ing the se lf-suffi c iency in cerea l production? In Developpement durable et globa lisation 
dans l'agroa limenta ire: Colloque intern ational AIEA2 et Ateliers de la SCAE, Universite Lava l, Quebec, 
23-24 August 2004. AIEA2, Montpel lier, France; SCAE, Ottawa, Canada, pp. 41 7-427 . 

Liang W., Fok A.CM., Wang G., Wu Y., 2004. A part-time and female-managed agri culture: an orien
tation not sufficient to catch up the income gap in Ch ina. In Col loque SFER Les mutations de la famil le 
agricole, consequences pour les po litiques publiques, 22-23 April 2004. SFER, Paris, France, 17 p. 
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Cottonseed 
technology 

Cottonseeds have a high 
ce llulose, protein and l ipid 
content and many dietary and 
industri al uses. Th e main 
coproducts are ee l I u lose 
derivatives, edible oil for 
hum an consumption and 
seedcake for livestock feed. 
CIRAD is focusi ng research 
on protein s extra cted from 
crushed cottonseed to assess 
their food and film-forming 
properties. 

Ginning mill, Cameroon . 
Vacuum pickup of seed cotton. 
© G. Gawrysiak 

Cotton ,, 

echnology-Quality 
at every stage 

{
otton has been utilized by humans for over 8 000 years and 

was the first textile crop. Comprehensive knowledge on the intrinsic 

properties of cotton fibre has secured the success of today's cotton lint 

and yarn trade. The CIRAD Cotton Technology Laboratory is conducting 

research on cotton product (seed cotton, cottonseed and fibre) quality 

criteria, and is investigating all possible ways of effectively promoting 

this quality, through classification and standardization systems and 

innovative uses or devices. 

The CIRAD Cotton Technology Laboratory 
The CIRAD Cotton Technology Laboratory studies relationships between the technologica l traits 

of cotton fibre and ya rn , the impact of air cond itioned rooms, the effects of trash, the features 

of devices from different manufacturers, the behaviour of cotton b lends, cotton-silk blends, 

etc. The laboratory provides support for agronomic and genetic studies under way in 

developing countr ies to choose varieties on the basis of f inal lint qua lity and market demand. 

It also assists molecular biologists in locating genetic markers for f ibre quality. In conjunction 

with its high involvement in dealing with cotton lint contamination, the laboratory also fi les 

patents, develops dev ices and markets them after the technology is transferred to loca l 

compan ies. The laboratory is promoting cotton qua lity, especial ly by developing and updating 

measurement methods and operat ing procedures . It offers tra ining cou rses, such as that held 

in Benin in 2005 to benefit the eight cotton producing countries of the West African Economic 

and Monetary Union. The laboratory regularly conducts laboratory appraisa ls and audits 

wor ldwide. 

Ginning 
Seed cotton ginning invo lves separating fibre from cottonseed 

using saw or roll gins. The CIRAD Cotton Technology Laboratory 

has ga ined sol id experience in maintaining f ibre quality during 

and after ginn ing, as well as calibrating and operating sma ll-scale 

gins for the purpose of assess ing industri al units and processing 

tiny quantities of seed cotton, pa rticularl y for breeders to se lect 

new varieties. 
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Fibre characteristics 
It is essential to ga in insight into the technological traits of cotton fibre, 

including length, length uniformity, strength, co lour, fineness and 

maturity. This data is used to guarantee that the product meets the 

high commerc ial trade standa rd s. These features must be 

eva luated under spec ific conditions because some may be altered 

by temperature and humidity. Fibre ana lyses are thus performed 

with instru ments set up in ai r-conditioned rooms in compliance 

with international standards. Reference standards are also required 

to ca librate the analytica l instruments. 

The CIRAD Cotton Techno logy Laboratory is one of the six 

Automated device for measuring 
fibre characteristics. 

© CIRAD 

ratories in the wor ld invo lved in a programme to assess cotton reference 

standards used to ca librate al l measurement devices wor ldwide that are marketed 

by USDA in the United States. 

Yarn processing 
The CIRAD Cotton Techno logy Laboratory has a 

m icro-spinn ing mi l l, consisting of a min i-ca rd, a 

draw ing frame and ring and open-end sp inning 

machines to perform sma l I-sca le assessments of 

common textile process ing operations. Th is equip

ment is used to test fibre performance during the spin

ning process. The laboratory is also equipped with 

special instruments for measuring yarn qua I ity (ten

sil e strength, elongation, evenness, defects and trash 

content). The test resu lts are usefu l for selecting cotton 

varieties that meet growers ' and manufacturers ' 

needs. 

For further information 

Micro -spinning mill in the CIRAD 
Cotton Technology Laboratory. © R. Frydrych 

GourlotJ .P., Gerardeaux E., Frydrych R., Gawrysiak G., Franca lanci P., Gaze E. , Drea n J.Y. , Rui Liu, 2005. 
Sampling issues for cotton fibre qua lity measurements - Part 2: Impact on cotton testing instrument results. 
In Proceed ings of the Beltwide Cotton Conferences, New Orleans, Lou isiana, USA, 4-7 January 2005, 
pp. 2 328-2 341. 
Gou ri ot J.P. , Bachelier B., Gawrysiak G., Frydrych R., 2005. Elaboration, preserva tion et ca racterisation 
de la qua lite des fibres de coton. Vo lume 1: compil ation of presented papers. Vo lume 2: append ix to 
the compi lation of presented papers. Regional training workshop w ith in the framework of the WAEMU 
Qua lity Programme funded by EU, organ ized by UNIDO, Parakou , Ben in, 13-18 May 2005, 304 p. + 
appendices. 
Lacape J.M., Nguyen T.B ., Courto is B., Be lot J.L ., Giband M. , Gou ri ot J.P. , Gawrysiak G., Roques S., Hau 
B. , 2005, QTL analysis of cotton fiber quality using multip le Cossypium hirsutum Cossypium barbadense 
backcross generations, Crop Sc ience 45 : 123 . 
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nseed proteins
multifunctional 

polymers 

(
ottonseed kerne ls can provide a high qua lity dietary source of 

protein. CIRAD has carried out major research in this field. Proteins 

extracted from the kernel may also be processed into biodegradable 

materials to replace petroleum-based p lastics. CIRAD aims to gain 

insight into the fi lm-forming and adhesive properties of these proteins 

and develop innovative industrial manufacturing processes using known 

techniques. 

Cottonseed structure 
Whole cottonseeds consist of a kernel (60% of its weight) and a cel lulose shell (40%). 
The seed conta ins 20-30% proteins and 20-30% oi l, depending on the cotton variety. 

Seeds that are not set as ide for p lanting are genera lly ground to extract edib le o il and high

protei n seedcake to serve as cattle feed . 

Cottonseed proteins for consumption 
Cotton p lants naturally contain gossypol, a polypheno l that is toxic to humans and mono

gastric animals. This compound cannot be comp lete ly removed during industrial or 

sma ll-scale oi l extraction processes-cotton proteins are thus fed on ly to polygastric 
livestock. Some so-ca ll ed 'glandless' cotton varieties do not conta in gossypol, so the 
derivative protein products can be consumed by humans and al l an imals. 

Research conducted by CIRAD and Afr ican partners revea led 

that cotton kernels cou ld be processed to obtain very 
~ nutritional high-protein (over 50%) flour. The pro
;' tein was studied and compared to reference 

) proteins from mi lk (case in) and soybean. 

This cotton flour ca n also be used in the 

preparation of products to feed recently weaned 
or malnourished infants. Further stud ies also 

showed that cotton flou rs without gossypo l 
are readily accepted by African consumers 
in trad itional dishes (sauces, nougats, cakes). 

CIRAD has been conducting research on glandless 

Shell. © J. Lecomte I cotton varieties for around 30 years, so it is fu I ly qua Ii
fied tosupport institutions planning on using deriviative 

Sections of glandless (without gossypoll 
and glanded (normal] cottonseeds. 

© J . Lecomte 



Partners 

Africa: lnslitul national de sanle 
publique, laborato ire central de 
nutri tion anima le, Cole d'Ivoire 
• INERA, lnstitut nationa l de 
l'environnement et des recher
ches agricoles; Ministere de la 
Sante et de I' Action socia le, 
Burkina Faso Direction de la 
recherche colon el fibre, Benin 
• Les Nouvel les i nclustri es 
oleagineuses du Togo, Togo 

Europe: University of St 
Andrews, UK INCOTEC 
Internationa l BV, Netherlands 
Ecole nationale des mines 
cl ' A les, France; 
Associa ti on pour la recherche el 
le developpemen t des methodes 
et processus inclustriels, France 

South America: Un iversity 
of Sao Pau lo, Brazi l • Centro 
de lnvestigacion y Desarrollo 
Tecno logico para la lndustria 
Plastica del lnstituto Nacional 
de Tecno logia Industrial, 
Argentina 

• © CIRAD 2006 
www.ciracl.fr 

products to fulfi l a spec ifi c food demand. Gland less cotton can be grown as a cash or food 

crop, and for its fibre. However, to ensure success, al l stakeholders in the subsector must imple

ment agricultural techniques that are specifical ly adapted to these varieties, whi le also 

comp lying w ith the hea lth standards. 

From cottonseed proteins to biomaterials 

Lettuce seeds coated with 
cottonseed proteins 
[with and without dye]. 
© J . Lecomte 

Biodegradable materials made from natural polymers or 

polymers derived from plant sources could replace certain 

petrochemical plastics. As part of an EU project, CIRAD and 

partners have just demonstrated that cottonseed proteins 

and seedcake can be used to make flexible and ri gid f i lms, 

compos ite materials, and seed coatings. 

These materia ls are obta ined v ia common indus

trial techniques (ca lendering, extrusion, 

thermomoulding, coat ing) . CIRAD, 

through ongo ing research under 

industrial partnerships, is str iving 

to develop products that are 

fu lly satisfactory wh ile tai loring 

the properties of the materials 

to their end uses and assess ing 

the ir she lflife under actu al 

usage cond itions. 

Bi odegradable film 
made wi th cotto n flour. 

© GIRAD 

For further information 
Grevellec J., Marquie C., Ferry L., Crespy A., Vialettes V., 2001. Processabi lity of cottonseed proteins 
into biodegradab le materi als. Biomacromolecu les 2 (4): 1 104-1 109. 

Marquie C., Guilbert S., 2002. Formation and properties of cottonseed prote in films and coati ngs. 
In Protein-based films and coatings, Boca Raton, UK, CRC Press, p. 139-1 58. 

Marqu ie C., 1994. La graine de cotonnier glandless dans l'a limentation traditionnelle au Ben in. 
Montpel lier, France, CIRAD, 36 p. 

Marqu ie C., 1994. Les cotonniers glandless, source d'hu ile et de proteines de grande va leur pour 
l'a limentation humaine et animale. Cl RAD-CA Final Report, EEC n° TS2-A-0245F (CD). Montpellier, France, 
Cl RAD-CA, 102 p, two vo lumes, including one of abstracts. 
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Fibre grading standard boxes. 
Gi nn ing m ill, Dumas, USA. 

© B. Bachelier 

tton trade through 
_e rules and bylaws 

,,_ 
,. or cotton, like most agricu ltural export products, transactions rely 

on private rules and bylaws to secure contracts and settle 

potential disputes associated with thei r implementation. These systems 

have been operational for over 150 years and are very efficient due to 

the relatively high degree of equity between sellers and buyers. CIRAD 

conducted the first French analyses on the function of cotton private 

rules and by laws and highlighted a previously unnoticed regulation 

adjustment that handicaps African cotton-producing countries. 

Apparent simplicity 
of formal trade contracts 

For a very long t ime, a handshake was enough to conclude a verba l agreement 
finali zing a transaction between a se ller and buyer. Nowadays, however, forma l 
contracts genera lly less than two pages long are drawn up to li st the specific 

trade cond it ions, i.e. mainly the cotton quantity and qual ity to supply, along 
w ith the delivery date and site. The genera l terms and conditions of the contract 

are simply indicated by reference to the pr ivate ru les and by laws, which out
Ii ne the terms, types of qua! ity, two-party (buyer/sel !er) contro l conditions that 

app ly to delivered cotton quantities and quality, or the settlement conditions in 
case of d isputes. 

Many private rules and bylaws 
of varied relevance 

Many private rules and bylaws are in effect worldwide. In USA, different systems are found 
in almost every state involved in cotton production and trade. The Liverpool , Le Havre, Gent 
and Bremen rules app ly in Europe-Europeans have not yet managed to adopt a single stream
lined system as they have for coffee. 

Private rul es and bylaws are linked w ith professiona l cotton associations responsible for applying 
and safeguarding these systems. The Liverpoo l Rules, now ca l led the ICA Ru les and piloted 
by the Internationa l Cotton Assoc iation, apply to more than 60% of global cotton transac
tions. The Le Havre Rules-with the French Cotton Assoc iation (AFCOT) as custodian
control the sa le of cotton by West and Centra l African cotton companies. 



Cotton gin. Ngong , Cameroon . 
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Limited scope to enhance the value 
of cotton quality criteria 

Cotton quality is based on many criter ia. In add ition to fibre length and appearance features, 
many other techno log ica l character isti cs can be measured (fibre uni fo rmity, tenac ity, 

maturity, fineness, etc.). 

Pri vate rul es and bylaws integrate cotton quality enhancement by defining penalties that appl y 
w hen the quality of supplied cotton is lower than that ori ginall y marketed by the se l ler, but 
there is no "compensa tion" in the oppos ite case (better qual ity supp l ied). However, all 
private ru les and bylaw s currently just include a few quality criteri a w ith wh ich se llers can 

easi ly comply. 

Top stakeholders change the rules 

Priva te rul es and bylaws are showing signs of change worldw ide in response to the increased 
number of rule vio lations and pressure to include more qual ity criteria. A private rule and 
bylaw system linked w ith the Sh anghai stock market w i l l soon be launched in China-the 

top cotton importing country. The imp lementati on of thi s new system should have a more 
immediate impact on exporting countri es. 

In the W est and Centra l Afri ca n region, liberalizati on of the cotton industry has d isrupted the 
cotton fibre sa les market organi za ti on. CIRAD's analys is revea led that cotton is actually no 
longer sold to the end users (spinni ng mill s), but transactions pass instead through an o ligopo ly 
of international traders. Some of these traders have managed to achieve verti ca l integration 
by buying out cotton companies, so now a majori ty of sa les are simply intra-company exchanges 

(general ly di sadva ntageous fo r the selli ng subsid iary). A conco
mitant insidious change in trade ru les has also occurred th at 

penal izes se ll ing countr ies w ith respect to two-party qual ity contro l 
and reduced comp li ance to comm itments fo r th e remova l of 
purchased cotton when world cotton pr ices are low. 

For further information 
Fok A.C M., 2004. Les facteurs d'effi cac ite des Systemes de reglements prives 
comme institutions de regulati on des transacti ons marchandes. In Premier 
Colloque de I' Assoc iation franc;:a ise de soc iolog ie, 24-2 7 February 2004, 
Vi l letaneuse, France, AFS. 

Fok, A.C M ., 2005 . Coton afri ca in et marche mondi al : une distorsion peut en cacher une autre p lus 
importante. In Col loque Agence Un iversitaire de la Francophon ie " Fi I ieres d' exportation de produits agri
co les du Sud: reformes institutionnel les, negoc iat ions internationales et impacts socio-economiques", 
Bamako, Mali, 6 and 7 Apri l 2005 . 



(' SAMUEL NI BOUCHE 

samuel.n ibouche@cirad. fr 
CIRAD, JRU PVBMT 

Stati on de Ligne-Paradis, 
Pole de protection des plantes, 

7 chemin de l' IRAT, 
9741 0 Sa int-Pierre 

Reunion, France 

PI ERRE M ARTI N 

pierre.ma rti n@ci rad. fr 
CIRAD 

Avenue Agropoli s, PSIII, 
TA 70/PSIII, 

34398 Montpellier Cedex 5 
France 

MICHEL CRETENET 

michel.cretenet@cirad.fr 
M AU RI CE VAISSAYRE 

mau ri ce. vaissayre@ci rad. fr 
CIRAD, IRU Cotton 

Farming Sys tems 
Avenue Agropolis, TA 72/09, 
34398 Montpellier Cedex 5 

France 

Prospecs 
The Coton®-Simbad model is 
currentl y being validated. 
Once the prediction accuracy 
has been assessed, CIRAD w ill 
use thi s model to identify 
releva nt dec ision criteri a 
for pest ic ide treatments
decisions w ill be based on 
factors such as the crop stage, 
fertili zation level and expected 
rainfa ll. These criteria w ill then 
be checked in the fi eld. 

Gra ph ic im age of a cotton plant 
obta in ed by Cotons®-Si mbad . 

tons®-Simbad
delling to reduce 

pesticide use 

rest insect infestations damage cotton c rops in all cotton 

growing regions . For both economic and environmental 

reasons, the cotton sector is constantly striving to find alternative ways 

for managing these infestations with less reliance on pesticides. Sustainable 

management of pest insect populations is possible through well adapted 

agricultural practices. CIRAD and PRASAC (a research centre promoting 

savanna development in Central Africa) thus developed Cotons®-Simbad, 

a decision-support model for cotton crop protection. 

Economic threshold-a criterion 
to reduce pesticide use 
For sustainabl e pest managem ent (often ca ll ed integra ted pest 

management), pestic ide treatments should o nl y be ca rri ed 

out when the pest density is high enough to induce 

a harvest loss whose cost w o uld exceed th e 

potent ial treatment cost. The economic thresho ld 

he lps fa rmers dec ide whether or not a treatment 

is w arranted . This thres ho ld is determ ined o n 

the basis of counts of insects or symptoms they 

induce. Treatments are unnecessary w hen 

the fi eld counts are lower th an the threshold, 

but spray ing may be required when it has been 

surpassed. By this technique, o n ly w o rthwhil e 

treatments are conducted, thus reduc ing the 

overa ll number of treatments as compared to 

ca lendar-based treatment strategies . 

Bollwo rm destroying a young cotton boll. 
© J .-C. St re ito 

Determining treatment 
thresholds-a comolex aoproac'1 
Treatment thresholds are established by correlating the number of insects in a plot w ith resulting 

crop y ield losses. Thi s corre lation is, however, hard to determine with cotto n. W hen squares 

and young bo ll s are destroyed by insects, the plant reacts by produci ng new bo lls or by reduc ing 



Yie ld loss 
(kg/ha) 

236 

158 

" 

Bollworms 
(number/ha) 

104 

' natu ra l' shedding of excess bo ll s. The efficiency of this so-ca ll ed compensation 

phenomenon depends on the phys iologica l status of the plant, along with other 
factors such as mineral nutrition and water supply. The extent of harvest loss induced 
by an insect popu lation ca n thus vary accord ing to the cropp ing conditions. Cotton 
cropping conditions in sub-Saharan Africa sometimes differ marked ly with respect 
to the environmental factors (so ils, rainfall , etc.) and agri cultural practices (sow ing 
date, fertilizer app licati on, etc. ). Models can be used to investigate the effects of 

this diversity on plant-pest interactions. 
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Infestation date 

Graphic image of cotton plants simulated by 
the Cotons®-Simbad model. A cotton plant dam
aged by an ea rly bollworm infestation [left! and a 

non-infested co tton plant [right!. 
© CIRAD 
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Modell ing yie ld losses 
according to bollworm density 
and infes tation date. 
© S. Nibouche/ PRASAC 
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Cotons®-Simbad-a unique system combining 
plant and insect models 
Cotons®-Simbad is a computer-based model that combines a cotton growth model (Cotons®) 

and a cotton bollworm feeding behaviour model (Simbad). It is used to estimate the number 
and type of bolls attacked and the impact of this damage on the harvest. Cotons®-Simbad was 
deve loped on the basis of severa l years of laboratory and fie ld observations and experiments 
undertaken to describe the feedi ng behaviour of the four main bollworm species found in Africa. 

For further information 
Nibouche S., Martin P., Cretenet M., Jallas E., Turner S. , 2003. Cotons®-Simbad system: modeling feed ing 
behav ior of cotton bollworms for eva luation of crop pest interactions. Jn Proceedings of the Beltwide 
Cotton Conferences: 2002-2003 full papers, cotton pest loss database [CD-ROM]. Beltw ide Cotton 
Conferences, Nashville, USA, 2003-0l-06/2003-01-10, NCC (Memph is, USA), The Cotton Foundation 
(Memphis, USA). 

Nibouche S., Beyo J., Brevau lt T. , Cretenet M ., Goze E., Jallas E., Martin P., Moussa A.A ., 2003. Cotton 
bo llworm economic injury levels based on crop model predictions: another use of the COTONS model. 
Jn Proceedings of the third World Cotton Resea rch Conference: cotton production for the new mi llen
nium, Cape Town, South Africa, 2003 March 9-13, pp. 1 291-1 296 [CD-ROM] . 

Nibouche S. , Beyo J., BrevaultT., Cretenet M., Goze E., Jall as E. , Martin P. , Moussa A.A. 2002. Cotons®
Simbad: a tool for establi sh ing cotton boll worm econom ic damage thresholds. Jn Villalobos F.J., Testi L. 
(eds.) VII Congress of the European Society for Agronomy: Consejeria de agri cultura y pesca, Cordoba, 
Spain, 15-18 July 2002, Junta de Analucia, Sevi ll e, ESA, pp. 307-308. ISBN 84-8474-059-5. 
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Cropping systems 
and animal draught 

Management of draught oxen 
was often a cotton farmer's 
first livestock rearing experi
ence. As of the 1960s, devel
opment bodies, inc lud ing 
nat iona l cotton compan ies, 
decided to promote a produc
tion model based on animal 
draught. Extension measures, 
e.g. provision of trained 
oxen, equ ipment credits and 
veterinary services, have led to 
a steady increase in the use of 
animal draught. Cu rrentl y 
more than 80% of fa rms in the 
Malian cotton-growing area 
have at least one tea m of 
draught animals, as compared 
to aro und 65% in Burk ina 
Faso, and 30% in Cameroon 
where the small est farms are 
found. 

Ploughing , northern Ca me roon . 
© P. Dugue 

otton and livestock 
farming in African 

• savanna reg1ons-
competition or synergy? 

) 
ub-Saharan savanna regions suitable for cotton growing are gradually 

turning into I ivestock rangelands. Cattle herds have been 

increasing in these areas since the severe droughts that affected the Sahelian 

region in 1973 and 1984-many Fulani herders have migrated there with 

their herds along with farmers who grow cotton in newly cleared areas. 

Land clearing has reduced populations of tsetse fl ies, the main vector of 

animal trypanosomiasis, which is a major constraint to livestock 

farming in these Sudanian savanna regions. In this setting, CIRAD and 

partners are striving to enhance the productivity of these production 

systems and the integration of livestock farming in agricu ltural areas. 

Livestock on every cotton farm 
Most cotton farmers have decided to invest their surp lus revenue in livestock (sheep and goats, 
cattle and, to a lesser extent, pigs) so as to get a better return on their cap ital than would be 
possible through other sectors such as trading, crafts and bank investments. After first procuring 
a team of draught oxen and equipment, 10-20% of cotton farmers have thus been estab lishing 
core herds with 5-50 head of catt le or more. 

This capital can be readily liberated to cover unexpected expenses or for new investments 
(house, vehic le, grain mi ll ). In the Kout iala region, a trad itional cotton-growing area, a cattle 
herd also boosts farm sustainability. In the dry season, the herd grazes and tramples on crop 
residue, such as cerea l straw and cotton stems, thus recycling it into organic manure w hich 
in turn is essential for fertilizing subsequent cotton-ma ize crops in rotation. Rangeland is lim-

ited during the farm ing season, so many livestock herds are moved to less populated regions. 

Cottonseed cake-the main cattle feed 
concentrate 
It is cruc ial to preserve cotton seed cake supp li es in these regions fo r the ben
ef it of livestock farmers . In northern Cameroon, for instance, cottonseed cake 
accounts for half of the digestible nitrogen feed rat ion of draught oxen and suck-

ling cows during the second half of the dry season (1 February to 15 May). The 
high demand for cattl e feed concen trates in the dry season has prompted dealers 

to specu late by purchasing large quantities of cottonseed cake. Cotton and livestock 
farmers' organ izations should offset this threat by setti ng up systems whereby they 

would purchase w ho lesa le quantities of cottonseed cake to resell to their members at 
remunerative prices before th is feed is exported abroad. 



Fulani cattle farming in a 
co tton-growing area. 

© P. Dugue 
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Intensification and 
land managern~nt? 
The combined development of extensive livestock farming and 
cotton production is possib le if farm land and rangeland resources 
are ava il ab le. Agr iculture takes precedent over livestock farmi ng 
once the popu lat ion density rises above 50 inhabitants/ km2 and 
there is no fodder production intens ifi cati on or village rangeland 
conservation. The livestock farming potential is still high in sub

Saharan cotton-growing areas, i .e. high protein cottonseed-based 
animal feed, rainfall cond itions suitab le for fodder crop inten
sification, and new markets to captu re (mi lk for urban centres, 

meat fo r export). The livestock feed suppl y could thus be increased, but rangelands must be 
preserved for cow-ca lf rear ing. Extension services shou ld support loca l stakeho lders by 
sketch ing the li m its of farm ing and range land areas and creating livestock trai ls to min im ize 

confli cts between crop and livestock farmers. 

Further research 
In cotton-growing areas, many technica l references are avai lab le on fodder crops, and 
manure, hay and si llage production processes, etc. Based on these resources, CIRAD 
and partners have set up projects focused on the management of resources 
that cou ld be utili zed in mi xed farm ing systems (agricu ltu re and 
livestock production). These projects are now under way-on both 
production unit (increased p lant biomass production, optima l use 
of this b iomass, herd management) and area scales
in Mali , Burkina Faso and Cameroon . Too ls are proposed to 
help loca l stakeholders draw up co ll ective management 
procedures concerning land and resources shared between 
crop and livestock farmers . 

Cotton in a ca rt. Korhogo , Cote d' Ivoire . 
© P. Dugue 

For further information 
Va ll E. , Lhoste P. , Abakar 0., Dongmo Ngoutsop A.L., 2003. La traction animale dans le contexte en 
mutation de I' Afrique subsaharienne : en jeux de developpement et de recherche. Cahiers Agricu ltu res 
12 (4): 219-226. 

Dugue P. , Vall E., Klein H.D., Ro llin D., Lecomte P., 2004. Evolution des rel ations entre l'agricu lture et 
l'e levage dans les savanes d' Afrique de l'Ouest et du Centre. O leagineux Corps gras Lip ides 11 (4/5): 
268-276. 

Dugue P., Kone R., Kone G., Ak indes F., 2004 . Production agricol e et elevage dans le centre du bassin 
cotonni er de Cote d' Ivo ire. Developpement economique, gestion des ressources naturelles et conflits 
entre acteurs. Cahiers Agricu ltures 13 (6): 504-509 . 
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Removal of a flower bud for 
subseq uen t hybrid ization . 
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Cotton breeding 
,, at Cl RAD-from 

conventional selection 
to biotechnOlogies 

f,. addition to conventional breed ing methods, cotton breeders have 

access to new bi otechno logy too ls such as marker-ass isted 

selection and geneti c transformation whi ch enable them to create new 

cotton varieties that are higher yielding and generate a better quality fibre. 

CIRAD has bred cotton varieti es for fa rmers in developing countries which 

are adapted to loca l climatic and cropping condi t ions, and produce a 

high technologica l quality fibre suitab le for textil e manufactu ring. 

\ ,·, 
Conventional breeding 
Va rieti es bred by CIRAD, alone or in partnership, are cropped yearl y on an area of 2.5 mi l
li on ha (7% of the area under cotton worl dwide) . They have been obta ined by conventional 
breed ing methods (ped igree se lection via stab il ization of target tra its through several se lfed 
generat ions in the progeny of a cross between two or several varieties). CIRAD is using these 
standard techniques, in pa rtnershi ps in Benin, Cameroon, Braz il and Paraguay, w ith the aim 
of obta ining va ri eti es that respond to a broad ra nge of specific adaptations. 

I Participative breeding 
CIRAD, w ith the aim of tak ing institu tional patterns of cotton subsectors in to better account, 
is invo lved in a "parti c ipative breed ing" strategy in Benin, w ith vo lunteer fa rmers pa rtic ipati ng 
alongside sc ientists to se lect strains in popu lat ions during the breed ing process. Every year 
these fa rmers oversee the sowing of new popu lations. In the f ield, they choose plants that they 
consider to be the most interesting from an agr icu ltu ral standpo int. The breed ing process is 
then focused on techno logica l fibre traits in co llaboration w ith the scienti sts . New cotton va ri 
eti es bred in th is way w ill soon be released to fa rmers. 

Genome mapping and marker-assisted 
selection 
DNA molecular markers are used fo r direct se lection of genes in the plant genome. They can 
accurately ident ify and pinpoint chromosome regions containi ng genes underlying agri cu l
turall y or technologica lly interesti ng tra its-these chromosome areas are ca ll ed quantitative 
trait loci (QTLs). Breeders strive to accumulate, w ithin the same plant, al l QTLs that seem to 
underlie genes assoc iated w ith the target trait- th is is ca ll ed marker-ass isted se lection (M AS) . 
Va ri eties can thus be sc reened direct ly on the basis of the genotype, i.e. from genes contai ned 
in the genome, contrary to conventional breeding strategies based on the phenotype (phys
ica l manifestati on of a trait in a p lant induced by the expression of specific genes) . Molecular 
markers are not sensitive to the medium, contrary to phenotypic expression which can be affected 
by interactions w ith the environment. 
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CIRAD's cotton marker-ass isted se lection programme is currently focused on introgress ing a 
fibre quality QTL from a Cossypium barbadense cultivar (cvVH8, w hich produces a very strong, 
long thin fibre) into a Cossypium hirsutum cu ltivar (ea rl y and high yielding cv Guazuncho 
2). QTLs underlying good fibre quality traits were located in around 20 chromosome segments 
on the cotton genome map. CIRAD breeders hope to enhance the intrinsi c fibre qua li ty of 
C. hirsutum through the accumu lation of these fibre quality-associated QTLs from C. barbadense. 

Genetic transformation of cotton 
Cotton is one of the first crop plants geneti c transformation techniques focused on to obta in 
commercial va ri eties. Insect- and herbi c ide-resistant transgenic varieties are currently grown 
on 20% of the area under cotton worldwide. They are also being grown to an increas ing extent 
in develop ing countri es. CIRAD considers that it is essential to assess the impact of these 
var ieties in smal lholder farming systems in such cotton-producing countri es. 

The genet ic transformation 
process is bei ng developed 
for cotton at CIRAD-it is an 
effective too l for unravel ling the 

OBTAINING TRANSGENIC COTTON PLANTS 

2 

compl ex ities of th e cotton 
genome. It ca n, for instance, be 1 

used to determine the function of ~ ] 

an investigated gene by intro- , •-~- ~ 
ducing a construct of two genetic i.;__, 

sequences, w ith one representing 
a gene and the other promoting 

6 
5 4 

the overexpress ion or extinction 
of th is gene. CIRAD scientists, 
in co ll aboration w ith th e 
Biotechnology Research Institute 
in Beijing, Ch ina, are using this 
method to study genes involved 
in ce llu lose synthesis and cellular 
e longation, w ith the aim of 
generat ing cotton fibres with 
novel features, such as crease 
resistance and dye receptiveness. 

1. Callus obtained by propagation of transformed cells • 2. Embryogeni c callu s 
bearing somatic embryos • 3. Young plantlet derived from a develo ping somatic 
embryo • 4. Plants tran s for med prior to potting them • 5. Plants transform e d in 

the glasshouse• 6. Fru its lbolls l and flowers of a transge ni c plant 

For further information 
H au B., Lan<;on J., D essauw D. , 1997. Les coton niers . In Charr ier A. , Jacquot M., Hamon S. , Nicolas D. 

(ed .) L'ameliorat ion des plantes tropi ca les. Montpellier, France, CIRAD, ORSTOM, Co llection Reperes, 

pp. 241-265 . 
Lacape M., N guyen T.B. , Thibi v i ll iers S. , Bojinov B., Cou rtois B. , Cantrell R.G. , Burr B. , H au B. , 2003. 
A combined RFLP-SSR-AFLP map of tetraploid cotton based on a Cossypium hirsutum x Cossypium bar
badense backcross population. Genome, 46 (4): 612-626. 
Pannetier C. , Giba nd M ., Couzy P., Le Tan V., M az ier M., Tourneur J., H au B., 1997 . Introduction of new 

traits into cotton through genetic engineering. The example of insect res istance. Euphytica, 96: 163-166. 
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Gossvpium genus 

Cotton belongs to the 
Cossypium genus, Malvaceae 
fa mil y. Thi s genus consists of 
50 c lassif ied spec ies , with 
45 dip loid and 5 tetrap loid 
species. The Cossypium genus 
includes four cultivated species 
w ith seeds that prod uce a 
fibre w hich is long enough to 
be ginn ed: two dip loid 
spec ies (C. herbaceum and 
C . arboreum ) and two 
tetraploid spec ies (C. hirsutum 
and C. barbadense) . Th e 
CIRAD collection contains five 
tetrap loid spec ies and 
27 dipl o id 
spec ies. 

Gossyp ium barbadense 
cotton flower. 

© D. Dessauw 

btton genetic resources 
at Cirad 

,,....he French Cotton Germplasm Collection-one of the largest in the 

/ world- is managed by CIRAD in Montpellier. It currentl y contains 

over 3 000 cotton accessions from around 100 countries. These valuable 

genetic resources can be tapped by breeding and genetic research pro

grammes implementing conventional breeding techniques, interspecific 

hybridization and marker-assisted selection . 

CIRA• Cotton Germplasm Collection 
This co ll ection contains access ions of w il d and cul tivated spec ies that were co ll ected in their 
centres of orig in and diversification areas, lines exchanged between breeders, obso lete and 
modern cultivated vari eties, mutants and progeny of interspecifi c crosses. Cossypium hirsutum, 
w hich is the most w idely cultivated cotton species in the wor ld, accounts for 70% of the acces
sions maintained in the co ll ection . 

Cotton seeds are kept in a co ld room at 4°C, and thus ma inta in their germ inat ive capacity fo r 
15 years. CIRAO is also developi ng a procedu re for co ld storage at - l 8°C, so it wil l be 
possib le to keep the seeds for several decades without damage. 

Each accession is " rejuvenated" every 12-15 years by 
seed sowing and selfing. This rejuvenation process 
prov ides an opportun ity to conduct or supp lement 
the access ion assessments. Seed propagation is 
carried out under partnerships in different tropi ca l 
regions. 
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Co ld-room storag e of cotton see ds. 
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Genetic variability resources 

Normal bra cts [left] and 
atrophied bra cts [r ight]. 
© D. Dessauw 

This co ll ect ion contains geneti c var iab ili ty that is 
used by breeders in their cu lt ivated cotton breeding 
programmes. Genet ic variab ili ty is high in the 
Cossypium genus, wh ich CIRAD is stri vi ng to pre
serve, uti li ze and desc ribe. Indeed, there is 
extremely wide variab ili ty in the size, habit, leaf 
and bract shape, growth rate, techno logi cal fibre 
tra its, etc. Breeders have also focused on a wide 
range of tra its. 

For instance, the fibre of cultivated varieties is 
usuall y wh ite, but some cotton varieties produce 
co loured fibre (brown or green) w hich is used to 
manufacture natu ral ly co loured cloth . 



Naturally co loured fibre . 
© D. Dessauw 
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. Molecular markers-diversity 
analysis tools 

DNA mo lecular markers are very helpful for ga ining insight into 
the geneti c d iversity in the co ll ection and fo r boosting the effi
cacy of cotton breeding. These markers are distributed along chro

mosomes in patterns that generate an image, i .e. a chromosome 
map. Through the natural mutation phenomenon, each marker pre-

sents an array of different allelic form s, and thi s variability is espec iall y 
high w hen the accessi ons compared are o ld 
or geneti cally remote from each other. Molecular 
markers are being used to quantify the extent 
o f relatedness between spec ies in the CIRAD 
co ll ection. Geneti c ists ca n thus use this too l to 
stream li ne management of th e co l lect ion, i .e. 
enhance breeding efficacy and d isca rd redu ndant 
types. 

G. tomentosum 
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Electrophoretog ram 
on ac rylamide gel of th e 

microsa tellite al leli c dive rsity 
(three markers) in a collec ti on 

of 46 tetraploid accessions 
from CIRAD "s gene library. 
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Tree diagram illustrating tetraploid cotton speci es in the CIRAD germplasm 
collection that were obtained by mo lecular marker techniques. Each number 
represe nts an accession in the co llec ti on, with different co lours for different 
species. 

For further information 
Dessauw D., Nguyen T.B. , Lacape J. M., Hau B., 2004. Cotton genetic resources at CIRAD. ICGI 2004 
Workshop, Hyderabad, India, 10- 13 October 2004. 
Hau B., Lan<;on J., Dessa uw D., 1997 . Les coton niers. In Charr ier A. , Jacquot M ., Hamon S., Nicolas 
D. (ed. ) L'amelioration des plan tes tropica les. Montpel lier, France. Co llection Reperes, CIRAD
ORSTOM, p. 241-265. 
Lacape J.M., Rajab M., Dessauw D., Hau B., 2004. M icrosatelli te allelic divers ity w ithin tetraploid Cossypium 
germplasm. ICG I 2004 Workshop, Hyderabad, India, 10-13 October 2004. 



• M AURICE V AISSAYRE 

maurice.vaissayre@cirad.fr 
CIRAD, IRU Cotton 

Farming Systems 
Avenue Agropo lis, TA 72/09, 
34398 Montpellier Cedex 5 

France 

--..... ;:, 

Reducing pesticide 
key challenge for 

cotton research 

{ otton farmers are often accused of overusing pesticides, but they 

sometimes do not have access to enough information on alter

native methods to improve their daily cropping practices and thus reduce 
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some pest damage to their crops. CIRAD is conducting development

oriented research to benefit African cotton smallholders-through 

participative methods, scientists and farmers are implementing a range 

of agricultural practices to enhance sustainable pest management. •.'" t~\. ; -~ ..... 
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Damage 
due to an Amrasca biguttula 
infestati on in Thailand . 
© B. Bachelier 

A varied and 
destructive insect 
pest complex 

More than 1 300 cotton pest 
species have been identified, 
including around 500 on the 
African continent alone. They 
are responsible for considerab le 
crop losses and depreciate the 
technological quality of cotton 
fibre. 

He/icoverpa armigera destroying 
a young boll . 
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From irrational use of pesticides ... 
Chemica ls, espec ial ly pesticides, were w idely promoted as a cure-a ll just after World War II. 
For two decades, pest problems were unquestionab ly managed with the avai lab le range of 
commercial pesticides . Then the American writer Rache l Carson published Silent Spring in 
1962, which reflected the growing publi c awareness on the unintentiona l detrimental hea lth 
and environmenta l impacts of chem ica l treatments . 

Meanwhile insect resistance to pesticides was ri sing. There was an irrational concomitant increase 
in treatments, which forced farmers to give up cotton cu ltivation in some countries like Mexico, 
Nicaragua and Thai land . 

... to sustainable pest management 
Since then, different methods have been developed to reduce the 

dependency on pesticides in agri cu lture, and particularly in cotton crop
ping systems. These methods use thresho lds as a basis for pesticide con
tro l management. Progressive fa rmers make decis ions accord ing to a 
tolerance threshold, which is reached w hen the plant is no longer ab le 
to offset losses due to insect infestations, and an economic threshold, 
w hich takes the costs direct ly and ind irectly assoc iated with crop pest 
contro l treatments into account. 

It is now cons idered that, as a comp lement to chemica l treatment strategies, 

pest contro l sustainab i lity cou ld be improved by implementing a range of tech-
niques. These were initial ly referred to as 'integrated pest contro l' and then extended to include 
the integrated crop management concept. This management is based on : 
• nurturing the rich natural insect fauna. D iseases and insects that attack cotton pests are found 
in cotton fields. These benefic ials should be identified and taken into account when estab
lishing treatment thresholds. They cou ld even be propagated and mass released in cotton fields; 



Industrial production 
of the bacterium Bacillus 
thuringiensis, an insect 
pathogen . 
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using resistance traits in cotton p lants, i .e. naturally occurring or inserted in new varieties 
by b iotechno logical procedures. W ild cotton spec ies have morphological (leaf shape and 
hair iness) and biochemical (high tannin and pheno lic compound contents) traits that ca n be 
transferred to crop varieties to reduce the development of some pests . Genetic engineer ing 
cu rrent ly fa c i I itates the transfer of genes from the bacterium Bacillus thuringiensis into 
culti vated cotton var ieties, and the resulting plants produce insecticide proteins. This 
technology could markedly reduce the need for chemica l treatments to control bollworms; 
• adopt ing cropping practices that enhance plant hea lth. It is essential to focus on creating 
the best cond itions for plants to thrive and produce cotton. The right choice of sow ing date, 
seed qual ity, ba lanced fert i l ization and weed contro l wou ld thus 
help cotton p lants to effective ly avert pest attacks; 
• imp lementing a rat ional approach to chem ica l pesticide use. 
Treatments are only necessary when pests have overcome these impe
diments and are threaten ing cotton yields and qua lity, and thus far
mers' income. In such cases, farmers should conduct a pesticide 
treatment using an act ive ingred ient that is se lected on the bas is 
of its efficacy and spec ifi c ity aga inst the target pest insect. 

A participative scientist-farmer 
approach 
In Africa and South America, CIRAD and national 
pa rtners have deve loped part ic ipative methods 
through farmer fi eld schools (based on the FAO 
model) for knowledge transfer to users. This approach 
also boosts sc ientists' awareness on local know-how, 
wh ich they ca n subsequentl y take into considera
tion w hen drawing up technica l recommendations 
on pest control techniques. 

Pest and disease assessmen t 
in a cotton field in Cameroon . 
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For further information 

Discuss ion around a pegboard about the pest 
infestation leve l in the fi eld in Mali . 
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CIRAD 
at a glance 

CIRAD, the Agricultural 
Research Centre 
for International 
Development, is working 
in developing countries 
and the French overseas 
regions. Most of its 
research is conducted 
in partnership. 

CIRAD has chosen 
sustainable development 
as the cornerstone of its 
operations worldwide. This 
means taking account of 
the long-term ecological, 
economic and social 
consequences of change 
in developing communities 
and countries. 

CIRAD contributes to 
development through 
research and trials, 
training, dissemination 
of information, innovation 
and appraisals. Ils 
expertise spans the life 
sciences, human sciences 
and engineering sciences 
and their application to 
agriculture and food, 
natural resource 
management and society. 

lt employs 1 820 people, 
including 1 050 senior staff 
members, and has an 
annual operating budget 
of 200 million euros. 
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