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I Foreword 

Thi s Sugarcane Annual Report 2004 was compiled during CIRAD 1s reorganization process. Th e 
former subsector-focused teams were regrouped into different thematic research units in 2004 
and 2005. Sugarcane research is now (s ince 2005) being conducted by internal research units 
(IRU Sugarcane Farm ing Systems, IRU Genetic Improvement of Vegetatively Propagated Crops, 
IRU Decision Support and Biostatistics) and jo int research units (JRU PVBMT, Plant Communiti es 
and Biological Invaders in Trop ica l Environments in Reunion; JRU PIA, Polymorphisms of Interest 
in Agriculture in Montpellier; JRU BGPI, Biology and Genetics of Plant-Pathogen Interact ions for 
Integrated Protection in Montpellier; JRU TETIS, Spatial In format ion and Analysis for Territo ri es 
and Ecosystems in Montpellier). 2004 was thus a turning point for everyone and the next Sugarcane 
Annual Report 2005 will pool all the sugarcane research act iviti es of these units. 

The results showcased in this report highlight the dynamic potential of the research teams. The 
research ranges from fundamental sugarcane genome analys is and pathogen diversity studies to 
more app lied studies inc luding the development of tools and services to support the suga rca ne 
sector and producers, and modelling of sugarcane growth and production. Environment-friendl y 
aspects (s ustainab le product ion) are also becoming a major priority in the research projects, 
along w ith suga rcane processing and development-especially the transformation of biomass into 
biofuel. New prospects are opening in this field that w ill influence the research organization. 

Regarding the sc ientifi c strategy, co ll aborat ions are increas ing between CIRAD research units and 
jo int research units (espec iall y with INRA, the French lnstitut nat ional de la recherche agrono
mique). Th ese resea rch partnerships are essenti al to broaden the scientific scope of sugarcane 
research act iviti es and to ga in worldwide recognition for our research . Our more development
oriented research would espec ially need to be better promoted . 

Regarding the geographica l strategy, many of the teams are based in the French overseas depart
ments (G uade loupe and Reunion) and partnerships have been set up in Barbados, Cuba, the Indian 
Ocean reg ion and southern Africa, M adagasca r and South Africa (pa rticul ar ly with SASRI, the 
South African Sugar Research Inst itute). Thi s regional cooperat ion is c ru c ial and we w ill conti
nue to focus seri ously on enhancing the reg ional thrust of ou r act iviti es. Available incentive 
funding should be mob ilised through loca l communiti es. Intern ational partnerships have also been 
set up in Brazil , especia ll y with ESALQ, the Esco la Superior de Agricultura 11 Lui z de Queiroz\ 
CTC, the Centro Technico de Canavieira, and the Unive rsidade Estadual de Londrin a concerning 
sugarcane mode l Ii ng and ecop hys io logy. 

I would like to wa rml y thank all the teams for their committment to enhanci ng sugarcane research 
progress. I sincerely hope that we will be ab le to continue publishing this Sugarcane Annual Report 
in thi s consta ntl y changing instituti onal and scientific setting involving many partnerships. 

Fran~o is-Regis Goebel , 
Sugarcane Project Coordinator, CIRAD 



Foreword 3 Pathological support for sugarcane 
varietal improvement in Guadeloupe 19 

Genome analysis 6 

Characterisation of linkage 
Sugarcane quarantine 20 

Quarantine data management 20 
disequilibrium in sugarcane 7 

Disease elimination in sugarcane 

Genetic analysis of disease by tissue cu lture 20 

resistance 8 Varieties grown in quarantine glasshouses 

Diversity in sources of brown rust in the first and second years 

resistance 8 (i nternationa I quarantine) 21 

Positional c loning of the Bru 7 brown rust Disease diagnosis and detection 21 

resistance gene and physical mapp ing of Pathogens sought 21 

the target region 8 First quarantine cycl e 21 

Genetic diversity of the smut-inducing Second quarantine cycle 22 

fungus Ustilago scitaminea 9 Adapting tes ts 22 

Genetic determination of resistance 
to smut 9 Integrated pest management 22 

Sugarcane resistance to the spotted 
Crop protection 12 stemborer Chilo sacchariphagus 

in Reunion 22 
Pathological and epidemiological 

Biological contro l of the sugarcane 
studies 13 spotted stemborer Chilo sacchariphagus 
Sugarcane leaf sca ld 13 using Trichogramma parasitoids 

A lbicid in biosynthes is pathways 13 in Reunion 23 

Genetic d iversity and var iat ion Surveys on Eldana saccharina stemborer 
in pathogenicity of Xanthomonas damage in small-scale fa rms in 
albilineans 14 Kwazulu-Natal (South Africa) 24 
Airborne transm ission of Xanthomonas Successfu l bi latera l cooperation between 
albilineans in Guadeloupe and Reunion 15 Reunion and South Afri ca 24 

Xanthomonas- induced diseases: Sustained training and data exchange 24 
genetic diversity and var iation Techn ica l and scientific results 25 
in pathogenicity of Xanthomonas 

Biodiversity in crop fie lds under a 
pathogens of sugarcane 16 

banana-sugarcane-banana rotation 
Sugarcane ye llow leaf 16 scheme in Guadeloupe 26 

Characterization of the genetic diversi ty of Biological contro l of the suga rcane 
Sugarcane yellow leaf virus 16 white grub Hoplochelus marginalis 
Vari ati on in pathogenicity of Sugarcane using Beauveria brongniartii 
yellow leaf virus 17 in Reunion 27 
Epidemio logy of Sugarcane yellow leaf Evolution of popu lations of the white 
virus and sugarcane res istance grub and the fungus 27 
mechanisms in Guadeloupe 17 

Assessment of the pathogen ic ity of Bete l® 28 

Disease control 18 Loss of white grub vita li ty 28 

Assessment of CERF sugarcane varieties Scale insects-emergi ng pests 

for resistance to gumming disease in Reunion 29 

and leaf sca ld in Reunion 18 

Pest and disease monitoring and contro l Varietal improvement 30 
in the CERF quarantine unit 

Sugarcane preselection and in Reunion 18 

Sugarcane disease monitoring breeding 31 

in Guadeloupe and the West Indies 19 Germplasm management 31 

Leaf fl eck 19 Crossing campa ign 31 

Ratoon stunting disease 19 Prese lect ion trials 31 

CIRAD, Sugarcane Programme, 2004 



Stage 1 32 Geographi ca l and va ri etal vali d ity of 

Stage 2 32 the MOSICAS mode l 46 

Stage 3: early sm ut test 32 Harvest fo recasts in Reunion 46 

Dissemination of preselected clones 33 
Mapping the agricultural area in 

Varietal selection in Guadeloupe 33 Guadeloupe 47 

Se lection tri als 33 AGRIGUA project successfull y 

Study of fa mil y x environment completed 47 

interactions 34 SU CRETTE project-remote sensing 

Production of di sease-free p lants 35 sugarcane monito ring 48 

Agronomy and crop modelling 36 Support to the sugarcane sector 

Cropping sugarcane in highland 
and producers 50 

regions of Reunion: Mechanization of the sugarcane 

a worthwhile venture 37 cropping area 51 

M echani zed harvesting in Reunion 51 

Fertilization recommendations Cond itions fo r fo rming fa rm groups for 
in Reunion 38 mechanized harves ting 51 

The CIRAD so il analys is laboratory 38 Suga rca ne cropl and p lanning for 

Agronomic analysis too l 38 
mechani zed harvest ing 52 

M echanizat ion of the sugarcane-cropp ing 

Improving sugarcane cropping area in Guade loupe 52 

systems in Guadeloupe 39 
Enhancement of production quality 

Improving water management and organization of 
in Reunion 40 mill supplies 54 

Effect of water rati oning during the first Mill supply orga nizati on 54 

third of the cropping cyc le 40 MAG I sugarca ne supp ly simul at ion model 55 

Analys is of va ri ab ility in irri gati on Payment system assessment 55 

practi ces 41 Product quali ty 55 

Quality control of the meteorological Development of decision-support 
network managed by CIRAD tools 56 
in Reunion 42 

OSIRI -RUN irri gati on consulting too l 56 
Three quality control initi atives 42 

Simulati on of irri gati on water consumption 
Detection and co rrecti on of w ith M-CIDER 56 
meteoro logica l data erro rs 42 

M eteoro logica l data error monitoring Support to the Senegalese sugar company 
mod ule 42 56 

Informati on reports 43 Dryoff irri gati on fo r suga rcane crops 56 

Controlling Cyperus esculentus 57 
Weed management: certification 
of two herbicides 43 Appendices 59 

Modelling sugarcane growth 44 Sugarcane Programme teams 60 

Enhancement of the SIMULEX p latfo rm Publications 62 
and the M O SI CAS mode l 44 

Initial results on suga rcane ripening 44 Consultations and visits in 2004 68 

Va lid ity of the ri pen ing assessment method 44 
Visiting scientists and trainees 70 

Ripening pattern s of cv R570 44 

Cropp ing cycle ca li b rat ion 46 Acronyms 72 

CIRAD, Suga rca ne Programme, 2004 



CIRAD, Suga rcane Programme, 2004 

Genome analysis research is conduc
ted through a collaboration between 
the joint research units PIA in 
Montpellier (JRU Polymorphisms 
of Interest in Agriculture) and PVBMT 
in Reunion (JRU Plant Communities 
and Biological Invaders in Tropical 
Envi ronments). The aim is to gain 

insight into genome structure and func

tion so as to generate information and 
tools that could facilitate sugarcane 

breeders' task of tapping the available 
genetic diversity, through: 
- development of molernlar tools 

- analysis of genetic diversity 
- mapping of the sugarcane genome 
- characterisation of linkage disequi-

librium 
- genetic analysis of agronomic and 
disease resistance traits through QTL 
and association studies. 

The Genome analysis research projects a1 
coordinated by Angelique D'Hont. 



7 Genome analysis 

Characterisation of linkage disequilibrium in 
sugarcane 

L.M. RABOIN, J. PAUQUET, J.C. GLASZMANN, A. O ' H ONT 

Linkage disequilibrium (LO) measures the nonrandom association of alleles at diffe
rent loci. The extent of LO in crop species depends on their domestication history 
and reproduction patterns. The accuracy of pinpointing genes via marker asso
ciations and the extent of genotypi ng required to achieve these resu Its depend 
on the LO intensity. 

Only a few S. officinarum, S. spontaneum and 5. barberi clones have been used 
in interspecific hybridizations carried out in India and Indonesia at the beginning 
of the 20th century and the products of these hybridizations have been crossed 
less than 10 times to give rise to modern sugarcane cultivars. A foundation bot
tleneck thus had a marked effect on LO-Jannoo et al. (1999) 1 showed that LO 
was maintained in a modern sugarcane cultivar population. Linkage disequili
brium (LO) analysis should confer a predictive value concerning the molecular 
diversity of useful genes within the vicinity of single points on the genome. 

Large-scale AFLP analyses were conducted to genotype a group of 7 4 sugarcane 
cultivars. Genetic distances between cultivars were calculated-radial distribu
tion of the population indicates that it has no clearcut structure. Markers were 
encoded relative to the R570 genetic map in order to accurately determine the 
relationship between LO and genetic distance on the maps. More than 1 600 AFLP 
markers were encoded, 408 of which were mapped for cv R570. In this subse( 
we studied the relation between genetic distances and known statistical associations 
between all marker pairs using Fisher 1 s exact test. LO was maintained over 
distances sometimes as 
much as dozens of centi
morgans. The LO intensity 
sharply declined, however, 
when the genetic distance 
between two markers was 
over 5 cM (Fi gure 1 ). In 
co nclusion, LO structure 
seems to be very suitable 
for assoc iation mapping 
over the entire sugarcane 
genome. 

Figure 1. Linkage 
di sequilibrium decreases 

as th e geneti c 
di stance increases. 
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SUGARCANE GENOME 

STRUCTURE 

Modern suga rca ne cultiva rs 
have a very compl ex genetic 
stru cture. They are highl y 
polyploid and aneuploid and 
result from interspecifi c crosses 
between the domesticated 
sugar-prod uc ing spec ies 
5. officinarum (2 n = 8x = 80) and 
the wild spec ies 5. spontaneum 
(2n = 5x - 16x = 40 - 128). 
These modern cultivars have 
100-120 chromosomes, 
15-25% of whi ch are derived 
from the w ild species. 
Molecul ar markers are used to 
ga in insight into the structure 
and fun ction of this complex 
genome. 
These markers provide 
information and tool s that wi ll 
help sugarcane breeders tap the 
ava il able genetic diversity. 

140 160 180 200 
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Genetic analysis of disease resistance 

Diversity in sources of brown rust resistance 

L.M. RABOIN, L. LE CUNFF (PhD student, Universite de Montpelli er), H . TELISMART, I. PROM!, 
0. GARSMEU R, J. PAUQUET, J.Y. HOARAU, A. D ' HONT 

About 100 cultivars were analysed for brown rust resistance or susceptibility 
through a study of many hybrids bred by CERF (Centre d' essai, de recherche et 
de formation , Reunion). RFLP analyses of these cultivars were carried out using 
a set of markers associated with the gene in R570 to determine sources of rust 
resistance other than this gene. An assessment of the progeny of a cv RS 70 x MQ 
76-53 cross revealed a new brown rust resistance gene. 

Positional cloning of the Bru 1 brown rust resistance gene and 
physical mapping of the target region 

L. LE CuNFF (PhD student, Universite de Montpelli er), 0. GARSMEU R, J. PAUQUET, F. AuoEBERT 

(DEA graduate student, Universite de Montpellier), C. CALATAYUD, H. TELISMART, I. PROMI, L.M . 

RABOIN, A. D ' HONT 

In a project funded by ICSB (International Consortium for Sugarcane Biotechnology), 
provisional cloning of the major rust resistance gene is currently underway, utili
sing synteny between grasses, i.e. here between sugarcane, sorghum and rice. 

Several datasets were tapped to refine the genetic map of the region around the 
gene, including: 
- the physical map of the sorghum region orthologous to the target region via 
subcloning and mapping of the BAC ends 
-the rice genome sequence by comparing the rice sequence orthologous to the 
target region with 300 OOO sugarcane ESTs of the SUCEST database, and mapping 
of the identified cDNAs. 

In late 2003, the genetic map of the region around Bru 1 included three markers 
distally located 0.28 cM from Bru 1, one marker distally located 0.14 cM from 
the gene, three markers at O cM, and three markers proximally located 0.28 cM 
from the Bru 1 gene. A physically map of the target region had also been initia
ted with probes mapped around the Bru 1 gene and using the cv R570 BAC library 
produced at Clemson University (USA). This library represents 1.3-fold the cv R570 
genome. Ten BAC clones were identified in the target region. As sugarcane is a 
highly polyploid species, these clones represent segments of different homolo
gous chromosomes. Analysis of these BACs revealed that only one of them corres
ponds to the target chromosome segment (target haplotype bearing the Bru 1 gene), 
but it does not span the entire target region. However, at least three BACs homo
logous to the target haplotype contain the two markers located on both sides of 
the Bru 1 gene (mapping at 0.28 and 0.14 cM) and span the entire target region . 

In 2004, with the aim of increasing the proportion of BAC clones belonging to 
the target haplotype, a new I ibrary of 1 00 OOO BAC clones was produced from 

CIRAD, Suga rcane Programme, 2004 



9 Genome analysis 

selfed cv R570 individuals which contain two copies of the target region. BAC 
clones were organized by pools of six BACs in order to accelerate screening of 
this library. The library is currently being analysed and three new nonoverlap
ping BACs belonging to the target haplotype have already been identified. Their 
terminal ends have been sequenced and analysed. These BACs have also been 
subcloned and the products sequenced and analysed. The screening of both BAC 
libraries is under way with all subclones via RFLP and PCR to complete the 
contig corresponding to the target haplotype. 

Genetic diversity of the smut-inducing fungus Ustilago 
scitaminea 

C. C ALATAYU D, 0. G ARSMEUR, L.M. RABOIN, J. C ARLIER, A. D ' H ONT 

Sugarcane smut, caused by Ustilago scitaminea, occurs in most sugarcane growing 
regions, except for Papua New Guinea, and the Fiji Islands. 

One hundred and forty-two isolated Ustilago scitaminea teliospores from 
15 countries were analysed with 17 polymorphic SSR loci. All but one of these 
isolates were found to be homozygous for all of these loci, indicating that this 
fungus mainly reproduces by selfing. The results of this study showed that the gene
tic diversity of this fungus is very low in North America and Africa and that all 
the isolates belong to a single line. In Asia, most of the diversity was detected 
and this line was also found to be present. Asia could therefore be the origin 
of this fungus. The high founder effect noted in the overall structure of U. scita
minea genetic diversity suggests that this fungus only occasionally migrated from 
Asia to other continents. 

Genetic determination of resistance to smut 
L.M. RABOIN, H. T ELISMART, I. PROMI 

Breeding sugarcane for smut resistance is efficient but requires large-scale testing 
and there is not yet any genetic control for this resistance. Two complementary 
strategies were used to identify genome areas involved in smut resistance: gene
tic mapping of crosses between the resistant cv R570 and the susceptible cv MQ 
76-53 , and an association study in a population of cultivars. 

The genetic map of the biparental cv R570 x MQ 76-53 hybrid is now complete. 
Overall, 1 666 polymorphic markers were produced with 40 AFLP primer pairs, 
46 SSRs and 9 RFLP probes (corresponding to defense genes supplied by SASRI, 
the South African Sugar Research Institute). Field and greenhouse tests were set 
up, and are still under way, to analyse the resistance of 200 progeny clones. In 
parallel, a new rust resistance gene was detected in an analysis of this progeny 
for rust resistance traits (flowering, Brix, stem diameter) (Figure 2). 

A study was undertaken of associations between molecular markers and smut resis
tance, involving the population that was genotyped to characterise linkage dise-

CIRAD, Suga rca ne Programme, 2004 
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quilibrium (see above) . The population conta ins 74 cultivars from d ifferent sugar
cane breeding programmes worldwide. The sm ut suscept ibility or resistance of 
these cultivars was determined in Burkina Faso under natural infection conditions. 
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Breed ing suga rca ne fo r ru st res istance. 
© CIRA D, R. Fauconnier 

Suga rca ne ru st symptoms in 
the fi eld . 

© CIRAD, R. Fauconnier 

Genome analysis 

Suga rca ne genome. 
© CIRAD, A. D 'Hont 
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The Crop protection research 
projects are coordinated by 
Philippe Rott. 
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Pathological and epidemiological studies 

Sugarcane leaf scald 

Albicidin biosynthesis pathways 

E. VIVIEN, S. COCJANCICH, S. DUPLAN, I. PIERETTI , P. Ron, M . ROYER 

Xanthomonas albilineans is the causal agent of sugarcane leaf scald. This patho
gen produces albicidin, a pathotoxin that has a key role in pathogenicity. This 
pathotoxin also has antibiotic activity against bacteria responsible for certain 
human and animal diseases. All genes involved in albicidin biosynthesis in strain 
Xa23 R 1 from Florida have been cloned and sequenced. These genes were loca
lized in three genomic regions . XALB1, the first region, consists of 20 genes 
ranging from a/bi to albXX. Three of these genes (afbl1 afblV and afblX) code for 
polyketide synthases (PKS) or for nonribosomal peptide synthases (NRPS). These 
enzymes are involved in the nonribosomal synthesis of complex molecules. Other 
genes in the XALB 1 region are responsible for resistance, regulation or modifi
cation. The two other regions involved in albicidin biosynthesis, i.e. XALB2 and 
XALB3 , each contain only one gene (afbXXI and albXX/1, respectively). albXXI 
encodes a phosphopantetheinyl transferase that is required for post-translational 
activation of the PKS and NRPS enzymes, while albXX/1 encodes the HtpG heat 
shock protein. The in silica functions of each of the 22 genes involved in albici
din biosynthesis were determined, and then an albicidin biosynthesis model was 
developed and the structure of this pathotoxin was partially simulated. 

Glasshouse experiment in Guadeloupe to investi ga te va ri ati on in the pathogenic ity of 
X. albilinea ns, th e causa l agent of suga rcane leaf sca ld. 
© P. Champo isea u 

A production system consisting of all genes identified as being involved in albi
cidin biosynthesis was constructed. This system was then transferred into a 
heterologous host (Xanthomonas axonopodis pv. vesicatoria) and a secondary meta-

CIRAD, Sugarca ne Programme, 2004 
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bolite resembling albi c idin was biosynthesized. This metabo lite will have to be 
purified and its structure identified before it ca n be formally determined whether 
it is albi cid in. In 2003, the Univers ity of Florida and CIRAD jointly patented a 
process whereby the genes involved in albi c idin biosynthesis are used to over
produce albi c idin or to produce another antibi ot ic via metabo li c engineering. 

Genetic diversity and variation in pathogenicity of Xanthomonas a/bilineans 

P. CH AMPOISEAu , A. REN IER, J.H. O AUG R0 1s, J.C. GIRARD, M. Ro vER, P. Ro n 

The sustainability of sugarcane resistance to leaf sca ld is often hampered by gene
tic variation in the ca usal agent and its evo luti on. Information on this variation 
is essential to enhance breeding efforts aimed at developing new suga rca ne varie
ties with susta inab le leaf scald resistance. Pathogenicity variations in Xanthomonas 
albilineans were hypothes ized after renewed outbreaks of this disease were noted 

in severa l countri es along with its emergence in severa l geographi
ca l areas in the 1980s. Several studi es o n genet ic diversity o r 
variability have been ca rri ed out since then by various research 
teams worldwide. X. albilineans was found to be a highly variable 
pathogen and several serova rs, lysovars, genotypes (hap lotypes) and 
pathogenic variants (pathotypes) were identified. So fa r no corre la
tions have been estab lished between the genet ic diversity within the 
entire genome and variation in pathogenicity. 

Genetic diversity of X. alb ilineans was invest igated with genes invo l
ved in the biosynthesis of albi c idin, a toxin that plays a key ro le in 
the pathogenicity of this pathogen. Genomic DNA of 137 X. albili
neans strain s from different geographi ca l regions was hybr idi zed 
w ith two probes spa nning the three genomic regions invo lved in albi
cidin biosynthesis. Fourteen hap lotypes and two major genetic groups 
(ALB-RFLP A and ALB-RFLP B) were identif ied . Strains iso lated during 
recent sugarcane leaf sca ld ep idemi cs, or from geographi ca l areas 
where there was a recent first outbreak of the disease, were found 
to all belong to the ALB-RFLP B group. On the basis of albicidin biosyn
thesis genes, the genetic diversity of X. albilinea ns is thus simil ar to 
that already described fo r the entire genome. Moreover, no correla
tions were noted between the variability in albic idin-encod ing genes, 
the quantity of toxin produced in vitro by X. albilinea ns, and patho
genicity groups formed on the basis of symptom severity and the inten
sity of sugarcane sta lk co loni zat ion . 

One hundred and fo rty-seven X. albilinea ns stra ins were sa mpl ed in 
severa l geographi ca l areas in Guadeloupe and from various sugar
ca ne cu ltivars. Th ese strains all belong to serovar 1, and the quan
tity of albi c idin produced in vitro varies depending on the stra in . The 
pathogenicity of 19 X. albilineans st rains was analysed on the basis 

of disease sever ity and sta lk co loni zat ion intensity in a leaf sca ld-susceptib le 
sugarca ne cu ltivar (869566). Variability in albi c idin biosynthesis genes was found 
to be virtually nil in these 19 strains on the basis of RFLP analyses using spec i
fic probes. Th e genet ic profiles of all of these st rains- as analysed by pulsed-field 
ge l electrophores is-were also highl y uniform. However, low genet ic variability 
was noted in these strains by AFLP using different primer pairs. Further studi es 

CIRAD, Suga rcane Programme, 2004 
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are required to investigate relationships between this genetic diversity and varia
tion in pathogenicity. 

We also amplified and sequenced four adenylation domains in NRPS modules 
of 16 X. albi/ineans strains representative of the known biodiversity of this patho
gen. A study of the polymorphism of these adenylation domains at different levels 
(DNA, protein and NRPS signature) reveal ed that these pathogenicity-associated 
loci are highly conserved. This locus conservation is likely under purifying selec
tion, as indicated by a comparison with the variability of nucleotide and protein 
sequences of two X. a/bi/ineans housekeeping genes (a tpO and e fp). 

A phylogenetic analysis of adenylation domains, however, revealed several groups 
within the 16 X. a/bi/ineans strains. One of these phylogenetic groups reflects the 
genetic diversity already identified by RFLP and AFLP analyses. This group contains 
only four X. albilineans strains that are all involved in renewed outbreaks of 
sugarcane leaf scald-as also confirmed by the results of a complementary study 
conducted with 30 other X. a/bi/ineans strains. 

The quantity of albicidin produced in vitro in agar and liquid media varied in the 
16 X. a/bi/ineans strains. No correlations were noted, however, between the 
quantity of albicidin produced in vitro, pathogenicity groups and genetic diver
sity of the pathogen. NRPS loc i contributing to synthesis of the primary albicidin 
structure thus do not seem to be responsible for the observed differences in 

pathogenicity in X. a/bi/ineans strains. 

Airborne transmission of Xanthomonas a/bilineans in Guadeloupe and 
Reunion 

J.H . D AUGRO IS, P. CHAMPOISEAU, R. BOI SNE-Noc, 5. JOSEPH, M . PAY ET, L. COSTET 

In Guadeloupe, epiphytic Xanthomonas albi/ineans populations have a key role 
in sugarcane leaf scald propagation. A previous study demonstrated that the time 
this pathogen takes to colonize leaf surfaces and subsequently infect the plants 
can vary depending on the sugarcane variety. A new study was recently set up 
as a complement to this preliminary study which had only been carried out on 
two varieties. Pre! i mi nary resu Its obtained with six sugarcane varieties confirmed 
the previous data, i.e. the time to reach high ep iphytic populations of X. a/bili
neans varied in different varieties. This difference was espec ially obvious in varia
tions in pathogen densities co llected in dewdrops. Howeve r, densities of this 
bacteria on the surface of leaves at the end of the rainy season did not marked ly 
differ between the six varieties. These results, which were obtained after a year 
of except ionall y high rainfall , should be checked under more normal seasonal 
climatic conditions and the resu Its shou Id also be assessed in terms of the suscep
tibi I ity of the varieties analysed . 

In Reunion, it is thought th at X. albilineans might infect plants via airborne trans
mission, but this has yet to be documented. This type of transmission could have 
a detrimental impact, for instance, when disease-free nursery plants are used to 
sanitize sugarcane f ields. A test was set up on 3 September 2004 at the Li gne 
Paradis research station using hea lthy tissue-cultured plants, i.e. cv R570 (44 
plants) and cv B69566 (45 plants). Sugarcane stools were planted in altern ate and 
staggered patterns in a field located c lose to a sugarcane varietal co llect ion plot. 
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SIMILAR LEAF SYMPTOMS 
\ . 
Several Xanthomonas spec ies 

infect sugarcane and induce 
leaf symptoms that are often 

simil ar (necrosis, streaks, 
bleaching, etc.): 

• X. a/bilineans, causal agent of 
leaf sca ld 

• X. axonopodis pv. vasculorum 
and X. vasicola pv. vasculorum, 

which cause gumming disease 

• X. vasicola pv. holc icola, 
responsible for bacterial streak 

in sorghum 

• Xanthomonas sp., ca usa l agent 
of false red stripe disease 

in Braz il. 

VIRUS TRANSMISSION PATTERN 

Sugarcane yellow leaf virus 
(SCYLV) is spread in the fi eld by 
planting of infected cuttings and 

it is transmitted from plant to 
plant by the aphid vector 

Melanaphis sacchari in 
a persistent, circul ative and 

non-repli ca tive manner. 

Crop protection 16 

The first sampling was carried out on 5 October 2004 by collecting water droplets 
within the leaf sheath and these droplets were then plated on semi-selective 
culture medium to isolate X. albilineans. The pathogen was not detected in the 
89 collected samples (one per micropropagated plant). This sampling is to be conti
nued in 2005. 

Xanthomonas-induced diseases: genetic diversity and variation 
in pathogenicity of Xanthomonas pathogens of sugarcane 

L. ( OSTET, M . PAY ET 

Bacterial diseases of sugarcane are most effectively controlled through preventive 
measures, so efficient and specifically focused screening of resistant cultivars 
is required in varietal improvement programmes. A thorough overall unders
tanding of the pathogen diversity and variability is necessary to enhance breeding 
efficacy. 

The 2003 biochemical diversity (Biolog plates) and genetic diversity (BOX, ERIC 
and REP-PCR) results were confirmed in 2004 with more than 100 strains of 
X. axonopodis pv. vasculorum, X. vasicola pv. vasculorum, X. vasicola pv. holci
cola, X. sacchari, Xanthomonas sp. and Xanthomonas albilineans. An AFLP 
method was developed with a capillary sequencer and encouraging results were 
ob-tained in the first tests carried out on 15 representative strains from the 
Xanthomonas sugarcane pathogen collection and five enzyme pairs. Three of the 
five enzyme pairs tested are interesting candidates for AFLP analysis of the diver
sity of these Xanthomonas strains. 

Two sugarcane varieties (R570 and 834104) were inoculated with 16 Xanthomonas 
axonopodis pv. vasculorum strains and five X. vasicola pv. holcicola strains in 
order to determine the pathogenicity of Xanthomonas strains collected in a survey 
carried out in Reunion in April 2004. The results are currently being analysed. 

Sugarcane yellow leaf 

Characterization of the genetic diversity of Sugarcane yellow leaf virus 

Y. AB u AHMAD, M. Rovrn, P. Ron 

Yellow leaf is caused by Sugarcane yellow leaf virus (SCYLV), a single-stranded 
RNA virus of the Luteoviridae family. Five SCYLV isolates from different geogra
phical regions and supposedly representing different virus strains were entirely 
sequenced (B RA-YL 1, PER-YL 1, REU-YL 1, REU-YL2 and REU-YL3 ), and three 
were partially sequenced (CH N-YL 1, COL-YL 1 and CU B-YL 1 ). Phylogenetic 
analyses confirmed the presence of at least four SCYLV genotypes (BRA for Brazil, 
CUB for Cuba, PER for Peru and REU for Reunion). Differences between geno
types seemed to occur throughout the genome, but some genomic regions were 
more variable than others. 

Isolates found in sugarcane varieties from various countries were also genotyped 
using primers that enabled rapid and specific identification by RT-PCR of three 
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of the four SCYLV genotypes. The results indicated that several genotypes of the 
virus can coexist in the same sugarcane-growing area or in the same plant, but 
only one genotype or a major genotype is present in some geographical areas. 

Variation in pathogenicity of Sugarcane yellow leaf virus 

Y. ABU AHMAD, J.C. GIRARD, L. COSTET, J.M. LETT, S. NJBOUCHE, M. PAYET, M. M ULLER, P. Ron 

In May 2004, two sugarcane varieties (R570 and SP71-6163) naturally infected 
by SCYLV isolates from different geographical areas (Brazil, Colombia, Florida, 
Guadeloupe, Hawaii, Mauritius, Reunion), were planted in a tunnel greenhouse 
in Montpellier in an experiment with a block design and 10 replications. The goal 
of this trial was to confirm the results of a similar trial that was conducted in 2003. 
The plants were monitored once a week and yellow leaf syndrome symptoms were 
scored on a 0-5 scale. TBIA was used to detect the virus in each sugarcane plant 
after 5 months of growth in the greenhouse. The results showed that the SCYLV 
behaviour (number of infected vascular bundles, virus density in leaves, impact 
on sugarcane stalk growth) can vary in a sugarcane plant depending on the area 
where it was originally cropped. These preliminary results suggest that pathoge
nicity levels can differ between SCYLV strains. These finding should be con
firmed by repeating the experiments in 2005. 

Our attempt to transmit purified SCYLV to tissue cultured sugarcane plants via 
the Melanaphis sacchari aphid was unsuccessful. We thus decided to opt for direct 
transmission of the virus from infected to healthy plants through the aphid vector. 
SCYLV transmission from infected to healthy tissue cultured sugarcane plants was 
thus shown to be possible. 

Finally, a new Melanaphis sacchari rearing method was developed in Reunion . 
It involves propagating aphids on detached leaf fragments that are kept alive in 
glass tubes. This rearing method will be used in 2005 to transfer SCYLV geno
types from infected plants (in the greenhouse) to healthy plants (t issue cultured) 
in order to study variation in SCYLV pathogenicity. 

Epidemiology of Sugarcane yellow leaf virus and sugarcane resistance 
mechanisms in Guadeloupe 

J.H. DAUGR01s, S. JosEPH, R. Bo1sNE-Noc, C. EDON, N. 5Auv10N 

It is essential to determine the risk of infection of healthy plants under the tropi
cal conditions of Guadeloupe in order to design the most suitable control methods. 
No information is currently available on the impact of yellow leaf in Guadeloupe, 
or on sugarcane resistance mechanisms against this disease. Studies were carried 
out in Guadeloupe in 2004 with the aim of gaining further insight into processes 
involved in the contamination of disease-free plots and investigating potential sources 
of res istance of sugarcane varieties to the insect vector. 

Melanaphis sacchari, the insect vector of SCYLV, was monitored from the second 
week after transfer of disease-free sugarcane cv SP71-6163 plants to the field. The 
aphid had colonized all 1 800 plants of this variety 18 weeks after field planting. 
SCYLV was detected by leaf tissue blot immunoassays in 12 of the 1 800 plants 
7 weeks after field planting. At this time, the M. sacchari populations were in an 
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exponential growth phase. At the end of the cycle, after 8 months of growth, the 
SCYLV infection rate of the plot was 25%. Infected plants were randomly distri
buted at the beginning of the in fect ion period, but the pattern became aggrega
tive by the end of the cycl e. Compl ementary statistical analyses are in progress 
to accu rate ly describe the contamination of a di sease-free sugarcane plot loca
ted c lose to infected pl ants. 

Antibiosis (impact on the reproduct ion cyc le) and antiexenosis (repe ll ent effect 
or nonpalatab ility) res istance tests were ca rri ed out with 15 commerc ial suga r
cane varieties or varieties derived from breeding programmes. Total antibios is 
resistance was noted in four varieties and partial resistance was detected in five 
varieties. An antixenosis effect was documented in two varieties. Therefore, among 
the SCYLV transmission resistance mechani sms, the genotype effect of the host 
plant on insect populations must be taken into consideration. 

Disease control 

Assessment of CERF sugarca ne varieties for resistance to 
gumming disease and leaf scald in Reunion 

L. C OSTET, M. PAYET 

The aim of the assessment of CERF (Centre d'etude, de recherche et de forma
tion, Reunion) sugarcane varieties was to provide support for varietal improve
ment programmes. Experiments were thus carri ed out under controlled inocula
tion conditi ons to ensure that these variet ies had a high enough resistance leve l 
to protect them aga inst the mai n sugarcane diseases present on the isl and of 
Reuni on. 

In July 2004, a f ield trial was conducted at La M are research station to sc reen 
29 CE RF varieties and five MSIRI (M auritius Sugar Industry Research Institute) varie
ties for resistance to gumming disease and leaf sca ld. 

An add itional leaf sca ld sc reening test was carr ied out at La M are-it was a repli
cat ion of the trial conducted at Saint-Benoit in 2002 -2003 on arou nd 30 sugar
cane varieties to validate the leaf scald res istance assessment method based on 
the extent of sta lk co loni zat ion. 

Pest and disease monitoring and control in the CERF quarantine 
unit in Reunion 

L. C OSTET, M. PAYET 

No new pathological phenomena have been recently reported in Reunion. 
However, a new ye llow spot ep idemic occurred in M ay 2004, affecting all crop
ped var iet ies, espec iall y R570 and R579, and specifica ll y in the Hauts de l'Est 
region (Gra nd Etang, Salazie, etc. ). Thi s was simil ar to the ep idemic that occur
red during the same period in 2003. New CERF sugarcane varieties shou ld be 
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assessed for their yellow spot resistance if this outbreak pattern becomes recur
rent in Reunion. 

No unusual phytopathological cases were noted during visits to the CERF sugar
cane quarantine unit in June and November 2004. The 24 international varieties 
imported from the Cl RAD quarantine unit in Montpel I ier were released. In 
November 2003, however, Sugarcane yellow leaf virus (SCYLV) was detected in 
four MSIRI varieties, which were subsequently destroyed. 

Sugarcane disease monitoring in Guadeloupe and the West Indies 

J.H. D AUG RO IS, R. BO ISNE-Noc, S. JOSE PH , F. C ARAY, P.Y. T EC HNE Y, E. M ULL ER, M . L. C ARUANA, 

B. VERCAMBR E 

Leaf fleck 

In 2004, a pest and disease survey focused on the distribution of Sugarcane 
baciliform virus (SCBV) in Guadeloupe. SCBV, which causes leaf fleck, was detec
ted by IC-PCR in almost all tested varieties throughout the island. SCBV is not 
considered as an economically important sugarcane pathogen, but a closely rela
ted badnavirus (Banana streak virus or BSV) is highly pathogenic to bananas. 
Moreover, it has been shown that SCBV can be transmitted to banana plants 
under experimental conditions, but this type of transmission was not documen
ted in this survey. 

Ratoon stunting disease 

As part of a cooperation programme with WISBEN (West Indies Sugarcane Breeding 
and Evaluation Network), sugarcane stem tissue blot immunoassays were perfor
med on samples collected in the Dominican Republic (Central Romana) and 
Jamaica to screen for the presence of Leifsonia xyli subsp. xyli, which causes ratoon 
stunting disease (RSD). Stem tissue immunoimprinting on nylon membrane was 
performed in the countries from which the samples originated, and the products 
were sent to Guadeloupe for serological assay and analysis of the results. L. xyli 
subsp. xyli was detected for the first time in Jamaica and its presence was confir
med in the Dominican Republic. 

Pathological support for sugarcane varietal improvement in 
Guadeloupe 

J.H. 0 AUG R0 1S, R. BO ISNE-NOC, S. JOSEPH, S. BERAM IS 

In 2004, the FR97 sugarcane variety series was assessed for resistance to smut 
(Ustilago scitarninea) and ratoon stunting disease (Leifsonia xyli subsp. xy/0, 
while the FROO and FR01 series were assessed for leaf scald (Xanthomonas albi
lineans). Six varieties (14%) of the FR97 series were found to be susceptible to 
smut and 12 varieties (28% ) were just partially susceptible. One promising variety 
and two foreign varieties tested were also susceptible to smut (FR89-423, R575 
and 886690). Varieties of the FR97 series were not very susceptible to ratoon stun
ting disease, but around 10 of them are considered to be potentially susceptible. 
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NEW SCREENING TEST 

Breeding and screening 
of resistant suga rca ne vari eti es 
is the most effi c ient di sease 
control method. 
In 2004, resistance screening 
tests w ere modified to 
optimise breeding 
of resistant varieti es. 
Tests to screen for smut 
resistance in FR vari eti es are 
thus now ca rri ed out in 
the third se lection stage. 
This procedure facilitates 
assessment of smut res istan ce 
of sugarca ne plants prior to 
planting multisite tri als outside 
of the research station 
and before dispatching va ri eti es 
to CIRAD's quarantine unit 
in Montpellier. 
Tests for resistance to ratoon 
stunting disease will be 
conducted on vari eti es 
se lected for multisite tri als. 
As the results can vary 
substantially, a more accurate 
experimental des ign w ill be 
used to determine leaf sca ld 
res istance of vari eti es 
at the end of the se lecti on 
cyc le. 



QUARANTINE LOCATED 

REMOTE FROM 

SUGARCANE-GROWING 

AREAS 

CIRAD's suga rcane quarantine 
unit in Montpellier has 

a lead ing role in the transfer of 
sugarcane varieties worldw ide 

as it is not located in a 
sugarcane-growing area. 

It offers many advantages as 
regards varietal cleanlin ess . 
Many sugar producers and 
renowned research centres 
use this quarantine service. 
CIRAD uses new pathogen 

screening techniques, 
so the quality of plant materi al 

ca n be certifi ed to meet 
importers' demand. 

This quarantine unit 
, aims to suppl y certified 

disease-free plant 
materi al. 
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Concerning leaf scald, several varieties had a higher X. albilineans stalk coloni
zation level than the susceptible control (8693 79). However, the tested varieties 
could not be objectively screened for leaf scald resistance because of the high 
coefficient of variation obtained for the control plants in this trial. 

Tests were conducted to screen 230 varieties from CIRAD's sugarcane germplasm 
collection in Guadeloupe for two vascular pathogens, i.e. Sugarcane yellow leaf 
virus (SCYLV) and Leifsonia xyli subsp. xyli. These varieties have been used for 
hybridizations in recent years. The incidence of each pathogen was measured using 
the stem tissue blot immunoassay technique. The criteria considered were the 
number of infected stalks and the number of vessels colonized by each patho
gen. Hence, 41 varieties were classified as susceptible to yellow leaf and only 
23 varieties were susceptible to ratoon stunting disease. Part of the sugarcane germ
plasm collection will be analysed by this procedure every year until all varieties 
are characterized. Visual evaluations of smut and leaf scald were carried out in 
2004 on 710 varieties of the collection. Ten of them were classified as suscep
tible to smut, and 14 as susceptible or very susceptible to leaf scald. 

Sugarcane quarantine 

J.C. GIRARD, M. CHATE ET, J.F. BOUSQUET, M.J. D ARROUSSAT, E. FERNANDEZ, M. GIN ER, R. HABAS, 
M . M ULLER, T. VJ CA IR E, P. Ron 

Quarantine data management 

The SISTER (Systeme d' information pour le stockage, le traitement et h §valuation 
des resultats) software package is currently being adapted to meet quarantine needs. 
This software could ultimately be used to manage a range of quarantine data (varie
ties, origins, parents, quarantine stages, transfer to tissue culture, disease detec
tion tests, etc.) and to know the exact status of each variety at any time. 

Disease elimination in sugarcane by tissue culture 

In 1998, it was shown that meristem culture is efficient for eliminating Sugarcane 
yellow leaf virus (SCYLV) in sugarcane varieties infected with this pathogen. 
Material is systematically sanitized at CIRAD's quarantine unit in Montpellier to 
eliminate SCYLV in elite sugarcane varieties. In 2004, this cleaning process was 
conducted with the participation of CIRAD's research centre in Guadeloupe, 
where FR varieties to be quarantined were installed in tissue culture. In 2004, 47 
SCYLV-infected varieties from Guadeloupe and 53 infected varieties from other 
geographical areas were thus cleaned by meristem culture; 130 varieties were 
thus hardened, potted and placed in quarantine glasshouses in Montpellier. 

The presence of Asian varieties infected with Sugarcane streak mosaic virus (SCSMV) 
in quarantine also led us to increase our sugarcane cleaning operations via tissue 
culture. Three varieties from Sri Lanka were installed in vitro by meristem culture 
to generate a substantial number of tissue cu I tu red plants free of this virus. 
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Varieties grown in quarantine glasshouses in the first and 
second years (international quarantine) 

Two hundred and thirteen sugarcane varieties were grown in quarantine glasshouses 
in the first year(= first quarantine cycle) and 175 in the second year(= second 
quarantine cycle). The culture conditions in pots with drip irrigation have already 
been described2

• The aim is to be able to produce and propagate disease-free 
sugarcane. 

Sixty-nine varieties were released from quarantine during the 2003-2004 season: 
17 varieties in Option 1 (international varieties), 21 varieties in Option 2 (FR varie
ties produced and supplied by CIRAD in Guadeloupe), 31 varieties in Option 3 
(varieties supplied by the West Indies Central Sugar Cane Breeding Station, 
WICSCBS, in Barbados). Cuttings were mainly distributed in Africa (Burkina Faso, 
Cameroon, Congo, Mali, Uganda, Senegal, Sudan, Chad), the West Indies 
(Barbados, Guadeloupe, Martinique), the Mascarene Islands (Madagascar, Reunion), 
China, Indonesia and Papua New Guinea. 

Disease diagnosis and detection 

Pathogens sought 

Varieties grown in first-year quarantine glasshouses were systematically screened 
in the laboratory to detect Xanthomonas albilineans (leaf scald), Leifsonia xyli 
subsp. xyli (ratoon stunting disease) and Sugarcane yellow leaf virus (SCYLV, 
yellow leaf). Depending on their origin, the varieties were also indexed for the 
following pathogens: Sugarcane mosaic virus (SCMV), Sorghum mosaic virus 
(SrMV), Sugarcane streak mosaic virus (SCSMV), Sugarcane streak virus (SSV), Peanut 
clump virus (PCV), Fiji disease virus (FDV), and phytoplasmas that cause white 
leaf and grassy shoot diseases. All varieties grown in second-year quarantine 
were screened again for SCYLV. 

First quarantine cycle 

In the first quarantine cycle, 213 varieties were tested in 2004. Leifsonia xyli subsp. 
xyli was detected in one variety (1 out of 48 tested varieties from Barbados). 
SCYLV was detected in 17 varieties (3 out of 48 varieties from Barbados, 10 out 
of 87 varieties from Guadeloupe, 1 out of 5 varieties from Reunion and 3 out of 
10 varieties from Sudan) . Note that 8 out of 131 varieties were not cleared of 
SCYLV via tissue culture and should now undergo a second round of meristem 
culture to eliminate this virus. Negative results were obtained in all tests to screen 
for phytoplasmas and viruses (FDV, PCV, SCMV, SrMV, SCSMV and SSV). 

' Rott P. , Bousquet J.F., M ull er M. , Chatenet M., 1997. La quarantaine de ca nne a sucre du CIRAD a Montpelli er. 
Agri cu lture et developpement 13: 22 -28 . 
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Second quarantine cycle 

In the second quarantine cycle glasshouses, 175 varieties were tested in 2004. 
SCYLV was detected in 9 varieties (2 out of 62 varieti es from Guadeloupe, 3 out 
of 47 varieties from Barbados, 1 out of 10 varieties from Florida, 1 out of 18 varie
ties from the Philippines, 1 out of 12 varieties from Brazil and 1 variety from 
Malaysia). These varieties had tested negative for SCYLV in the first cycle. These 
results highlight the difficulties that can be encountered in screening for SCYLV 
so these screening tests should be carried out several times during quarantine. 

Adapting tests 

In addition to these routine diagnostic initiatives, several screening tests were deve
loped or tailored for laboratory use, especially to detect phytoplasmas and Peanut 
clump virus (PCV). For PCV a technique involving the use of PCR primers descri
bed by a Belgian team 3

, is reliable for detecting this virus, which is known to show 
high genetic diversity. 

Integrated pest management 

Suga rca ne resista nee to the spotted stem borer Chilo 
sacchariphagus in Reunion 

5. NIBOUCHE, R. TI BERE, C. LALLEMAND 

The sugarcane spotted stemborer, Chilo sacchariphagus (Lepidoptera, Crambidaet 
is a major pest in the Indian Ocean and Asian regions, and it was recently intro
duced in southern Africa. Identifying sources of resistance in current sugarcane 
collections and developing breeding tools could substantially enhance integra
ted management of this borer in sugarcane crops. 

The performance of several resistance measurement criteria was assessed in a heri
tabi I ity study carried out in a CERF sugarcane variety trial in Reunion . The vari e
ties w ere correctly classified on the basis of th e early results (April). The perfor
mance of the simplified criterion 11 rate of damaged stalks 11 w as similar to that of 
more complex criteria based on bored internode counts. The CERF collection of 
456 international clones was screened: 13 potentially resistant clones and 19 poten
tially susceptible clones were identifi ed (Figure 1 ). The level of susceptibility of 
these clones will have to be confirmed in tests with a statistical experimental des ign. 

Feed ing sites of stemborer larvae were characterized in surveys carried out in farmers' 
plots cropped with cv R579 (susceptibl e) or cv R570 (resistant). Only the first four 
larval instars were detected outside of th e stalk. As of the first instar, the stem
borers were distributed on th e termin al leaves, leaf sheaths and stalks. They often 
adva nced towards the stalk by boring at least one leaf sheath. They regularly pene-

' Braga rd C., Delfosse P., Reddy A.S. , Doucet D., Lcgreve A ., M iller J. -S ., Mayo M.A. , 2002. RT-PCR fo r a broad detec
ti on of Pcc luv iruses . 5th Intern ational Symposium on Plant Viruses w ith Funga l Vec tors, Zurich, Jul y 2002. 
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trated the stalk at th e base of the fo ur intern odes located under th e termin al 
meri stem, but they genera ll y did not penetrate it v ia the ax i I lary buds. Stem borer 
behav iour d iffe red in the two va ri eti es, suggest ing th at the res istance of cv R570 
is partially expressed when leaf sheaths are perforated by the borers. 

Th e next phases of thi s research w i 11 be to study res istance her itabi I ity in co l la
borat ion w ith CERF, to search fo r mo lecul ar markers, and to study res istance 
mechani sms in cv R570. 

2.5 

2 X G 1.5 X 
~x xxx susceptib le 

ro 
X *~*X XX "-§ 

Cl) x~x x 
~ ~1~~i *)(Xxx u 0 .5 

Cl) 
0.0 3E~ X X X ro 
E 
ro 0 0 

X 1.4 X 1.9 2.4 2 .9 3.4 

-0.5 X 

X 

-1 X 

reference 
-1 .5 

res istant Damage (number'of bored internodes per sta lk) 

3.9 

Figure 1. Sta lk damage distribut ion in 456 cl ones from the CERF suga rca ne co llection (Ap ril 2004). The b lack dot 
ind icates the c lone (Kassoer) that w as used as resista nce reference to ca lcul ate suscept ibi li ty leve ls. 

Note: The damage different ial is th e difference between the clone considered and the mea n fo r the eight c losest neighbours in the 
field . Th e units are identi ca l on the x and y axes. A c lone is assumed to be res istant if it has not been very damaged, and if it is less 
damaged than its neighbours. 

Biological control of the sugarcane spotted stem borer Chilo 
sacchariphagus using Trichogramma parasitoids in Reunion 

R. GOEBEL, E. TABONE (INRA), G . BARREAULT, M. BERLING, H . KARIMJEE, P. ( APLONG (Federat ion 

depa rtementa le des groupements de clefense co ntre les orga n ismes nu is ib les aux cul tures, 

FDGDON, Reu nion) 

The technique fo r b io log ica l contro l of the sugarcane spotted stemborer (Chilo 
sacchariphagus) invo lv ing use of the egg paras ito id Trichogramma chilonis has 
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now been validated through a research and development programme that has been 
under way since 2000 in partnership with FDGDON of Reunion and INRA 
(funding: General Council of Reunion and EU). In 2003, sugarcane yields were 
significantly higher, i.e. around + 36 t/ha in humid areas and + 15 t/ha in dry 
areas that are less exposed to this pest. Now that the efficacy of this biological 
control technique has been confirmed, the next step will be to transfer it to all 
sugarcane growers. 

An optimization phase began in 2004 to simplify this complicated technique-
200 parasitoids release points per ha, 17 releases over 4 months-and to reduce 
treatment costs. Several trials using susceptible cv R579 were set up by FDGDON 
in humid areas on the island where the pest pressure is highest (northeastern 
Reunion, Sainte-Marie), with the following objectives: to reduce the release 
period; to reduce the dose of parasitoids released; to reduce the density of release 
points; and to evaluate the technique under irrigated cropping conditions (previous 
tests were only conducted under dry cropping conditions at Sainte-Marie). 

At the request of the General Counci I of Reunion, a pre-extension treatment was 
carried out in 2004 on a 10 ha area, and all parasitoids were released on plant 
cane since it is more damaged by the stemborer than ratoon cane. 

The final results of all of these experiments will be available after the sugarcane 
harvest in 2005, so that improvements can be made in 2006. 

Surveys on Eldana saccharina stem borer damage in small-scale 
farms in Kwazulu-Natal {South Africa) 

R. GOEBEL, M. WAY (South African Sugar Research Institute, SASRI) 

Successful bilateral cooperation between Reunion and South Africa 

The main aim of the 3-year (2002-2004) bilateral cooperation project involving 
the Kwazulu-Natal region in South Africa and Reunion, with funding from the 
Regional Council of Reunion, was to create a dynamic framework for research 
on small-scale sugarcane farms (mainly in South Africa) with the help of students 
from both regions. This overall resea rch was essential to determine the impact of 
the Eldana saccharina stemborer (Lepidoptera, Pyralidae) on the South African 
sugar industry and to gain insight into ecological and agricultural parameters influen
cing these infestations. A substantial survey database managed by SASRI was 
thus analysed over a 3-year period to determine infestation trends in each region 
and to pinpoint specific issues requiring further investigation. 

Sustained training and data exchange 

In 2004, activities were focused on trainee supervision, training and data exchange 
between partners from South Africa and Reunion. Since the beginning of the 
project, eight students from Reunion have attended training sessions at SASRI 
(Master 1s, engineering, senior technician), representing a total of 24 months of 
direct contributions to research. In 2003, a South African student (PhD) was 
hosted by the crop protection team (JRU Plant Communities and Biological 
Invaders in Tropical Environments) for a research visit at Saint-Pierre in Reunion. 
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In 2004, two students (engineering and senior technician) conducted surveys on 
South African sugarcane farms. The results obtained by all pest and disease control 
teams associated with sugar factories in all sugarcane-growing regions of Kwazulu
Natal were taken into account (Figure 2). 
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Technical and scientific results 

Figure 2. Eldana saccharina infestati on 
levels (% damaged stalks) in major 
suga rcane-growing reg ions (2 003 ). 
CV= 47. 6%, F-value = 1430.0, 
P (probability)< 0.0001 . 
Suga rcane-growing reg ions of the same 
colour are not si gnifi ca ntly different (P 
> 0.05, Student-Newmans Keuls tes t, 
SAS Institute) . 

Eldana saccharina infestations were observed in most sugarcane-growing areas 
of Kwazulu-Natal, but the mean damage levels varied markedly between regions: 
from 3.9% damaged stalks at Eston to as much as 35.4% at Maidston (Figure 2). 
This situation is not yet catastrophic, but the damage level is steadily rising each 
year. From a geographical standpoint, stemborer boring levels decrease with the 
distance from the coast, which is in line with the change in ecological condi
tions (inland the elevation is higher and temperatures are lower, e.g. in the Eston 
region). GIS will be used in the future to assess infestation levels in terms of agri
cultural and environmental parameters. 

Maps of infestation risk areas will be drawn up on a yearly basis to help the pest 
and disease control teams to target areas for survey operations. Infestation levels 
can be converted into economic injury levels, thus providing a useful decision
support tool for sugar industry stakeholders. In this way, it is possible to pinpoint 
areas where the economic damage is equivalent to or higher than the cost of a 
control programme, e.g. this level was 28% damaged stalks in 2003 . 

The survey results confirmed the low level of stemborer damage on small sugar
cane farms in comparison to commercial plantations. In the most affected areas, 
the percentage of damaged stalks was two- to three-fold higher in large-scale plan
tations (Figure 2) . One explanation for this trend is that nitrogen ferti I ization 
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Figure 3. Eldana saccharina infestati on 
patterns (% damaged stalks) 

according to th e age of th e crop 
in three suga rca ne-grow ing areas 

in Kwazulu-Natal. 
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could have a high impact on infestations. Commercia l plantations with high 
nitrogen inputs (over 130 kg/ha/year) were faced with the most severe stem
borer infestations. Fert ilizer overdosages is a problem that SASRl 1s development 
engi neers have pointed out, so noti ces will now be systematically disseminated 
to growers instruct ing them to strictly comply with recommended dosages. 

The varied landscape and biodiversity (fa una and flora) on small-scale sugarcane 
plantations in South Africa-in stark contrast with commercia l plantations
seems to be conducive to the presence of predators that regulate stemborer popu
lations and keep them from ca using serious damage. 

Other aggravat ing factors have also been noted on large plantations, such as the 
use of susceptible varieties or late sugarca ne harvesting, i.e. so-called carryover 
(Fi gure 3). Harvesting ca rryover crops after 12 months (13-18 months depending 
on the reg ion) is done to boost sugar y ields, but these gai ns may be nullifi ed by 
serious stemborer outbrea ks, which are known to intensify as the ca ne crop ages. 
Moreover, ca rryover crop fields host substanti al stemborer populations that subse
quently contaminate neighbouring fields. The sugar industry should warn commer
c ial growers as to this problem. 
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Biodiversity in crop fields un der a banana-sugarcane-banana 
rotation scheme in Guadeloupe 

B. V ERCAMB RE, J.H. 0 AUG R0 1S, F. ( ARAY 

Biodiversity and biological evo lution patterns were stud ied at Capesterre-Be ll e
Eau, Guadeloupe, in fields under three cropp ing systems, i .e. monocropped 
banana, monocropped sugarcane, and a banana-sugarcane-banana rotation. 
Biolog® plates were used to characteri ze the funct ional intensity of the so il micro
fl ora, and arthropods were trapped on the grou nd or on glue strips to determine 
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the arthropod diversity patterns. The Shannon index and PCA were used for the 
data analysis. 

The biodiversity features were found to differ in the two monocrop situations
biodiversity was very low with monocropped banana, whereas it was higher and 
more balanced in the monocropped sugarcane fields. In the first and second 
years with banana after sugarcane, the arthropod biodiversity was close to that 
noted for monocropped banana, but the soil microfauna level differed. In the rota
tion scheme, sugarcane seemed to promote higher biodiversity in the soil under 
the subsequent banana crop, but the biodiversity level was sti II not as high as 
that noted in monocropped sugarcane fields . The observed gain in soil micro
flora quantity and diversity in banana fields following a sugarcane crop lasts for 
several banana crop cycles. This could explain the low level of nematode damage 
to banana crops noted after sugarcane. However, the observed increase in micro
fauna biodiversity on the soil surface (arthropods) is shortlived and closely depends 
on the prevailing crop type. This indicates that in banana crop fields it is hard to 
obtain the same level of biodiversity and balance as in a sugarcane crop field. 
In the second year after a banana crop, the biodiversity is gradually reestablished 
in sugarcane fields, as indicated by the reduction in stemborer damage in 2003. 

Biological control of the sugarcane white grub Hoplochelus 
marginalis using Beauveria hrongniartii in Reunion 

B. V ERCAMBRE , M . FOU ILLAU D, F. (HIROLEU, A. ROLET, 5. G EO RGER, 0. D ED IE U 

Evolution of populations of the white grub and the fungus 

Surveys carried out by FDGDON in Reunion since 2001 to assess infestation patterns 
of Hoplochelus marginalis (Coleoptera, Melolonthinae) larva have revealed a 
surprisingly stable situation: in 2004, 
the mean density was 0.3 white 
grubs/sugarcane stool, with an econo
mic threshold of 4 white grubs/stool 
in dry areas, but the levels have sti II 
remained somewhat high in the Sud 
region (Saint-Louis and Saint-Pierre) . 
The mean rate of infection of larva at 
the final moult (L3 stage) by the fungus 
Beauveria brongniartii is around 
40% in Reunion (data based on 
checks in the field and in the quaran
tine laboratories at the Universite de 
La Reunion). 

According to theoretical projections, 
based on white grub biological para
meters (number of eggs per female, 
sex ratio, etc.), the situation is now 
stable since 70-90% of the white grub 
population has disappeared (or did 

The Bea uveria brongniartii fungus on roots. 
© B. Verca mbre 
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Adult white grub attacked by Beauveria brongniartii. 
© B. Vercambre 

not hatch), in addition to L3 grubs attacked at the end of this cycle. Two comple
mentary phenomena could be involved. First, the other biological stages of the 
insect are infected by the fungus. On a plot monitored at Saint-Louis (380 m eleva
tion) that had never undergone biological treatment, 18.2% of nymphs were 
found to be infected at the end of November and 16.7% of adults were infected 
in the first 10 days of December. The white grub density then dropped by 60% 
between June and December (from 2.3 to 0.9 live white grubs/stool). Finally, the 
biotic potential of females seems to have declined as compared to that measured 
after the introduction of white grubs on the island in 1973 . 

Assessment of the pathogenicity of Betel® 

Two granule samples were collected in bags containing Betel® (commercial 
brand of Beauveria brongniartitJ selected randomly from the main suppliers in 
Reunion-the shelflife of this product is 4-5 months. The tests were carried out 
on white grub larva and adults from July to December. The following results were 
obtained: excellent pathogenicity for the sample collected from Saint-Andre 
(batch P0404, 90% mycosis at 30 days on larvae and adults), fair pathogenicity 
for the sample collected from Saint-Louis (batch P0403, 50% mycosis at 30 days 
on larvae). 

Loss of white grub vitality 

Very precise study conditions are required to get reliable data on a potential 
decline in white grub populations in Reunion. The egg-laying potential, which 
could be considered as a vitality loss indicator for the species, can only be evalua
ted in female grubs that have completed their ovarian development (around 3-4 
weeks after emergence) without having laid any eggs. This state occurs just at the 
time of the first mating, which is in turn linked with the rainfall conditions. Adults 
begin emerging from the soil in early November and ovarian maturity can only 
be reached around late November-early December. During this period, dissec-
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tions of 61 couples collected at Saint-Pierre and Saint-Leu revealed a mean ferti
lity potential of 43 eggs/female, which represents a reduction of around 20% rela
tive to the potential assessed just after white grubs had been introduced in Reunion 
in 1973 (the potential at that time was 60 eggs/female). At Saint-Louis, the mean 
number of eggs/female was 30-34 in early December in a sample of 14 females 
(i.e. a reduction of around 30%). A larger scale study should be conducted to 
strengthen these quite fragmented preliminary observations. 

Scale insects-emerging pests in Reunion 

B. VERCAMBRE, B. HosTACHY (Service de la protection des vegetaux, SPV, Reunion), 

V. LEBOU RGEOIS 

The establishment of sugarcane farms in new irrigated areas in western Reunion 
should be closely monitored in order to detect emerging pest and disease problems. 
In 2004, a survey initiated by the crop protection service highlighted the presence 
of sucking insects: three scale insects were noted, including Aulacaspis tegalen
sis, which induced a 24% yield loss in 2003 in the surveyed sugarcane plot. This 
infestation was characterized by satellite imaging (Figure 4) . In 2004, the scale 
insect infestation level was lower because systematic pesticide treatments had been 
halted and due to the rise in beneficial organisms (ladybugs, parasitoids, etc.). 

Remote sensing techniques are now perfected for detecting scale insect damage, 
which is clearly visible on foliage. A report could thus be drawn up on the situa
tion on the basis of the results of an island-wide survey in Reunion. 

SPOT5 NOVI 
21 July 2003 

• • • • 

low NOVI 

I 
• high NOVI 

Sca le insect in fes tati on 
(Antenne 4) 

June-August 2003 

Figure 4. Satellite images of sca le insect infestati ons in newl y irriga ted areas in Reunion 
(Saint-Gill es, Antenne 4). Spectral analys is using NOVI (normali zed difference vegetati on index). 
Images processed by V. Lebourgeois (SUCRETTE project, 2004). 
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The Varietal improvement research group breeds 
sugarcane clones from commercial parents, inter
generic and interspecific crosses. The aim is to 
enhance the efficiency of the varietal innovation 
process. Tbis research is focused mainly on: 
- gaining grei3ter insight int0 the suga ricane genome 
- improving 1:Jreeding metho<ds i;,y accounting for 
the effects ©f genotype x environment interactions 
- investigati rn g pest interactions to improve the 
resistance of sugarcane varieties 
- umderstanding physiological mechanisms of 
drought resistance to detect indicators that could 
be useful for varietal improvement. '/ 
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The Varietal improvement research 
group is based in Guadeloupe and 
coordinated by Philippe Oriol. 
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Sugarcane preselection and breeding 
D. ROQUES, L. TOUBI, G. GELABALE, M. CADET, G . ALGOU 

Germplasm management 

Genetic diversity in the sugarcane germp lasm co llect ion was further enhanced 
through the introduction of 47 new clones from abroad (Tab le 1 ). The co llection 
currently cons ists of more than 1 300 genotypes wh ich are ava il ab le for the var ie
ta l improvement programme: commercial hybrids, Fl hybrids, wild and related 
spec ies. Th e cryopreservat ion protocol was adapted to laboratory conditions for 
long-term conservation of sugarcane germp lasm. 

Table 1. Origin of the 47 fore ign sugarcane varieties introduced in the CIRAD sugarcane 
germplasm col lect ion in 2004 (Guade loupe) . 

Origin Code (preceding the variety name) Number 

Bangladesh 

Barbados 

Beli ze 

Braz il 

Cuba 

Dominican Republi c 

Florida 

French Guiana 

M alays ia 

Porto Rico 

Sudan 

Taiwa n 

Trinidad 

Crossing campaign 

One hundred and ninety-seven hybri
dizations were performed during the 
sugarcane crossing season, i.e. from 
October to December (Table 2). After 
se lection, crossing in the 2004 season 
gave rise to the FR 2007 ser ies. These 
hybridizations were performed in 
more suitable renovated breeding faci-
1 ities, so the process is now more effi 
ci ent and requires less labour. 

Preselection trials 

ISO 2 

B 11 

BBZ 9 

RB/SP 3 

C 2 

BR 6 

CP 2 

DB 2 

TC 2 

PR 1 

KN 3 

ROC 1 

BT 3 

Table 2. The 197 hybridizations perfor
med in Guadeloupe in 2004. 

Type of crossing Number 

Selfing 6 

Bi -parental 94 

Po ly-crossing 77 

O pen pol lination 20 

Table 3 summarises the preselection tria ls conducted at the Roujol research 
stat ion . 
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AIMS, FACILITIES, ACTIVITIES 

Th e aim of suga rca ne va rietal 
improvement is to breed and 
disseminate new effic ient 

va ri et ies that are adapted to the 
agri cultural and env ironmental 
conditions of our partn ers in 
th e French overseas departments 
and abroad. 

The research fac iliti es (genetic 
resources, hybridizations, ear ly 
selecti on tes ts) are loca ted in 
Guadeloupe, in rel ati on with 
breeding tea ms based in different 

suga rca ne-growing areas. 
The activiti es are ca rri ed out in 
c lose co llaboration w ith CIRAD's 
BIOTROP laboratory (genomi c 
studi es) and crop protecti on 
resea rch teams (quarantin e, 
vari etal res istance) . 

KEY FEATURES OF THE ACTIVITIES 

• Strengthening research on 
suga rca ne vari etal improvement 
topi cs, including spec ifi c 
initiatives concerning rain fed 
sugarcane cropping in very 
dr1 regions. 

• Coordination of research 
teams, including sc ientifi c and 
development partners. 

• Active parti c ipation in regional 
sugarcane networks (WISBEN in 
the West Indies, network in 
West and Central Afri ca) . 



Hybridi za tion setup 
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Table 3. Preselection stages in 2004. 

Series Stage Number of clones Subsequent stages or number 
evaluated of clones selected 

FR 2006 Stage 1 4 680 seed lings Family se lection (i n May 2005) 
FR 2005 7 540 seed lings Clona l se lection (in May 2005) 
FR 2004 7 150 seed lings 892 clones se lected (in July 2005) 

FR 2004 Stage 2 892 clones To be selected in April 2005 
FR 2003 610 clones 127 clones se lected (May 2004) 

FR 2003 Stage 3 127 clones To be se lected in Apr il 2005 
FR 2002 72 clones 20 clones propagated 

for Stage 4 

FR 2002 Sanitization before dissemination In vitro meristem cu lture to elimi nate 
FR 2001 Sugarcane yellow leaf virus 

(SCYLV) 

FR 2001 Dissemination 65 prese lected c lones d ispatched 
FR 2000 for quarantine in Montpellier 

Stage 1 

FR 2006 series: progenies from 100 fa mili es (i .e. 4 680 seed lings) that were bred 
during the 2003 hybr idization campaign were tested in July 2004. They are to be 
evaluated in April-May 2005. 

FR 2005 series: 15 fami li es were selected on the basis of the results of tests on 
progeny of 100 families from the 2002 hybrid ization campa ign. Fuzz from these 
crosses was sown and gave rise to 7 540 seedlings. These seed lings were plan
ted in Stage 1 (one stoo l) in August 2004. They are to be se lected in M ay-June 
2005 . 

Stage 2 

FR 2004 series: 12% of this series, i.e. 892 c lones, were se lected and assessed 
in Stage 2 in June 2004. They are to be further eva luated in April 2005 . 

FR 2003 series: 21% of this ser ies, i.e. 127 clones, were se lected in May 2004 . 

in Guadeloupe. Stage 3: early smut test 
© D. Roques 

FR 2003 series: 127 c lones were assessed in Stage 3 after inoculation of cuttings 
by soaki ng in a smut spore so lution . They are to be se lected in April 2005. 

The sm ut spore inoculation procedure was introd uced at this se lect ion stage in 
2004. The smut susceptibility results are thus obta ined at the beginning of Stage 
3, i.e. 2 years ear li er than in the tests used previously (whi ch were conducted on 
c lones se lected at the end of Stage 3). With the new procedure, clones can now 
be se lected accord ing to smut resistance, in add ition to agr icultural cr iter ia, 
before moving on to Stage 4. Thi s informat ion is therefore ava il ab le prior to 
dispatching the clones for quarantine. 
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FR 2002 series: 72 clones passed screening tests for the first three selection stages. 
They are currently being placed in in vitro meristem culture for elimination of 
the Sugarcane yellow leaf virus (SCYLV). 

FR 2001 series: the preselection evaluations were completed in 2003. 57 clones 
have been sanitized by in vitro meristem culture to eliminate SCYLV. Some of these 
clones were sent to the CIRAD quarantine unit in the form of micropropagated 
plantlets and the other clones are to be sent in February 2005. 

Dissemination of preselected clones 

FR 2000 series: the clones were dispatched to the CIRAD quarantine unit, in 
February 2004, in the form of micropropagated plantlets after sanitization by in 
vitro meristem culture. 

Varietal selection in Guadeloupe 

P. ORIOL, S. M AYO, V. V1RAPI N, E. Nuom, J.C. EFILE, E. C ATAN, M. C ARBEL, S. C AYE UX 

Selection trials 

The selection criteria are sugarcane yield, extractible sucrose content, disease resis
tance and specific features such as vigour, mechanical harvesting suitability and 
drought resistance. 

The selection programme takes the adaptation of varieties to the two most diffe
rent soil-climate areas in Guadeloupe into account. A network of precommer
cial experiments with farmers 1 participation was set up to check the performances 
of new varieties disseminated to commercial plantations in different sugarcane
growing areas (Table 4). 

Nine new promising varieties were selected because their yields were equiva
lent to or higher than those of currently cropped control varieties. These varie
ties were being propagated in 2004 to be used subsequently in precommercial 
trials in the concerned areas in 2005. This includes the following varieties: 
- Basse-Terre: 888 804, 891 948, BT83 339, FR94 129, FR94 218 and FR94 295 
- Grande-Terre and Marie-Galante: 885 764, , FR95 285 and FR99 349. 

Table 4. Participative precommercial trials conducted in 2004. 

Location Cropping cycle 

Northern 1" ratoon 
Basse-Terre 
Southern Plant cane 
Basse-Terre 
Grande-Terre 1" ratoon 

M ari e-Galante Pl ant ca ne 

Number Varieties tested 
of trials 

3 B 86 89, FR 83 2034, FR 83 2035, FR 90 306, 
FR 90 840 
B 86 89, FR 90 306 

3 FR 83 2034, FR 83 2035, FR 88 196, FR 89 42 3, 
FR 89 746 

2 FR 83 2034, FR 88 196, FR 89 42 3, FR 89 746 
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VARIETIES ADAPTED 

TO FIELD CONDITIONS 

In Guadeloupe, the aim 

j 

of sugarca ne varietal selection 
is to breed high yielding 
varieti es that are adapted to 
cropping conditions used by 
the sugarcane and 
rum industries. 

The regional selection stages are 
conducted on farmers' land. 
Partnerships have been 
established with farmers 
and agr·cultural organiza ti ons 
(Gardel's estate, SCEA-Aiguebel, 
Convenance agri cultural schoo l), 
as w ell as with the INRA 
experimental unit 
to promote parti c ipative 
se lection . • 



OTHER TOPICS 

• Invo lvement with CRB 
(Centre de ressources 

biologiques) 
under discussion. 

• Study on ecophysiologi ca l 
mechanisms of a pl ant' s 

adaptation to water stress, 
in collaboration with INRA and 

the Universite des Antill es et 
de la Guyane, with the aim of 

integrating these traits 
in varietal improvement 

programmes. 

• Development of Amel iocas, i.e. 
a relat ional database to enhance 

varieta l improvement 
management, with the support 

of the Biostati sti cs tea m of 
the CIRAD Annua l 
Crops Department. 
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Fi eld extension sess ion in Guadeloupe. 
© P. Orio l 

The sugarcane varietal selection scheme 
will meet planters 1 demand by taking into 
greater account adaptations to areas with 
a high water deficit (70% of the area 
under sugarcane when including Marie
Galante) and the specific area south of 
Basse-Terre, where sugarcane is cropped 
in rotations with bananas. The precom
mercial trials will also be undertaken in 
the four sugarcane-growing areas. 

Study of family x environment interactions 

D. ROQUES, L. TOUB I, G. GELABALE, M. CADET, G. ALGOU 

Family x environment interactions have been investigated in Guadeloupe (Grande
Terre and Basse-Terre) since 2003 under highly differing soil-climate conditions. 
The aim of this study is to determine whether it would be relevant to integrate 
this factor in the regional sugarcane breeding programme. 

This study is being carried out with the INRA partnership. Two trials were set up 
in July 2003 at the INRA research station at Godet in Grande-Terre and at CIRAD 1s 
Rou jol research station in Basse-Terre. The resu Its high I ighted: 
- a highly significant site effect and family effect on all sugarcane yield compo
nents (Brix, stalk number, diameter and height) 
- a significant site x family interaction on all sugarcane yield components. 

In conclusion, sugarcane varieties rank differently for performance under diffe
rent soi I-climate conditions. These resu Its confirmed the benefits of diversifying 
selection sites at an early selection stage in Guadeloupe. 

G lasshouse experiments in Guade loupe set up to study pathogeni city va ri ability in X. alb ilinea ns, 
the ca usa l agent of suga rca ne lea f sca ld. 
© P. Champoisea u 
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Production of disease-free plants 

0. ROQUES, J. 5APOTILLES, C. GUIOUGOU, M .C. PLANCHET, P. N AVIS, A. JOSEPH 

In 2004, eight sugarcane varieties were propagated by CIRAD 1s in vitro culture 
laboratory to meet the demand for nursery plants from CTICS-this involved 
around 25 500 micropropagated plantlets (Table 5). Four promising varieties 
(FR 88 196, FR 89 423, FR 89 746, B 86 89) were also propagated by in vitro 
meristem culture. Finally, 1 595 micropropagated plantlets were produced for the 
purposes of the following research activities: 
- in vitro propagation and hardening of 1 500 micropropagated plantlets 
(cv B 80 08) to reduce the effects of between-family competition in progeny tests 
- elimination of the Sugarcane yellow leaf virus (SCYLV) in FR 2001 (23 clones) 
and FR 2002 (72 clones) by in vitro meristem culture. 

Table 5. The eight disease-free sugarcane varieties propagated 
in vitro for stock-plant nurseries in Guadeloupe in 2004. 

Variety Number of micropropagated plantlets 

R 570 4 938 
R 579 3 732 
B 80 689 9 510 
B 69 379 500 
B 59 92 1 793 
B 80 08 2 500 
B 69 566 2 027 
B 82 139 500 

Total 25 500 
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NURSERIES IN GUADELOUPE 

The current nursery scheme was 
recommended by the loca l crop 
protection servi ce, CIRAD and 
CTI CS in 1987 to control serious 
sugarcane diseases that were 
spreading, espec iall y leaf sca ld. 
Plants grown in the nurseries are , 
derived from hea lthy 
mi cropropagated plant material . 
Cuttings are taken from these 
nursery plants to supply all 
annual crop plantations in 
Guadeloupe and M arie-Galante 
(2 500 to 3 OOO ha). 

In order to obtain the best 
possible sanitized planting 
material (va ri eta l purity, 
healthiness, emergence vigour), 
heat-treated disease-free plants 
are used as starting materia l for 
m icropropagation. 
This starting material is then 
mass-propagated in the Roujol 
in vitro culture laboratory. 
After a hardening period of 
around 1 month, the 
microwopagated plantlets 
are planted in the field in 
the first nursery stage 
(stock-pl ant nursery). 
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The Agronomy and crop modelling 
research projects are coordinated 
by Denis Pouzet. 
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Cropping sugarcane in highland regions of 
Reunion: a worthwhile venture 

C. POSER, A. VELLE 

The highland region of Reunion offers considerable potential for expanding the 
sugarcane-growing area. Highland sugarcane cropping accounts for 26% of the 
total area under sugarcane on the island, with elevations ranging from 200 m in 
the east to 600 m in the west. Current sugarcane varieties and cropping practices 
are, however, ill-adapted to this natural environment. Temperatures and solar 
radiation are low (30% lower than in coastal areas), and rainfall is irregular but 
still higher than along the coasts. This land is isolated partially because of the 
steep slopes-the fields are hard to reach and mechanised cultivation is some
times impossible. 

Crop yields are low because of 
these constraints (18% of the 
sugarcane production of 
Reunion), but this production is 
essential for the industry and the 
economic balance of farms in the 
highland region. The current goal 
is thus to expand the highland 
sugarcane-growing area and 
develop cropping systems that 
are tailored to the specific clima
tic conditions of this area. The 
research is mainly focused on 
breeding varieties adapted to 
highland conditions, narrow inter
row spacing and extending the 
cycle between two crops. 

CIRAD has thus been carrying 
out a study on narrowing the 
interrow spacing in sugarcane 
crop fields over the last 8 years. 
Growers in highland areas have 
been using this technique on an 
empirical basis. The test results 

Suga rca ne cropped in highland reg ions of Reunion. 
© D. Pouzet 

confirmed that the technique is very effective for controlling weeds and increa
sing sugarcane yields. Yields were increased by 7.8% by narrowing the interrow 
spacing from 1.6 m to 1.1 m in the eastern highlands, and by 12.2% by nar
rowing the spacing from 1.5 m to 1.2 m in the western highlands. This modifica
tion also results in substantial labour and herbicide savings. 

Another way of controlling weeds in the highlands is to increase the between
harvest cycle from the standard 12 months to 24 months. This reduces the period 
during which weeds compete with the open canopy. The peak vegetation period 
is longer and sugar yields are higher (increasing from 9 to 25 %), but there are 
still a few risks to consider (lodging, fire, rats, transportation, etc.). 
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Logg ing data in the fi eld for 
agronomic analys is in Reuni on. 
© P. F. Chabali er 
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Fertilization recommendations in Reunion 

0. POUZET, A. V ELL E, H. LOMBARD, P.F. CHABA LI ER, G. VI GNAIS, P. LEGIER 

The CIRAD soil analysis laboratory 

The fertilization recommendations of the CIRAD soi l analys is laboratory in 
Reunion were improved by reprogramming the expert system, by soi 1-un it geore
ferencing, and by taking the production potential of sugarcane plots (minera l dilu
tion curves) and farmers 1 practices (res idue management practices, effluent use, 
etc.) into account. 

A GIS was developed for soi l identification using SAS® and Maplnfo® software. 
It provides three leve ls of information for each sampl ing locat ion gr id ce ll 
(500 m2

) : 

- soil units identified from morphopedological c lassificat ions at 1/50 OOO 
resolution 
- the total area of each unit 
- the locat ion of each gr id ce ll. 

The expert system of the so il analysis laboratory was reprogrammed because the 
former FoxPro® version was not compatib le with the current computer environ
ment. The new Visual Basic® version will include the so il-identifi cation GIS and 
a module that wi ll generate the soi l sample c lassification probabilities accord ing 
to different ana lyses. 

Agronomic analysis tool 

The MOSICAS growth model can be used as a tool to assess agronom ic poten
tials in farmers 1 fields, thus high I ighting the progress required to achieve optima l 
production in these fields. This work was carr ied out with the support of the 
Decision Support and Biostatistics team of CIRAD 1s Annual Crops department. 

A study of differences between actua l and simu lated 
yie lds pooling around 500 verified pairs of data from 
three farms (one irrigated) was fina li sed (Figure 1 ). The 
model provided a good idea of the production poten
tial of cv R570, w ith or without water stress and for 
a crop with a between-harvest cycle of not more than 
14-15 months. The model indicated better y ields for cv 
R570 than for cv R579. The simulations differed from 
the actual results for longer cropping periods and when 
there was a higher number of ratoons. The results did 
not fit when the elevation varied. Differences were not 
sens itive to the crop year factor. The model cou ld thus 
be used as an agronom ic ana lys is support too l for cv 
R5 70 cropped in low land areas with a cycl e of less than 
15 months. 
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Figure 1. Actual and simulated y ields for cvs R570 and R579 (millable cane, t/h a) . 

Improving sugarcane cropping systems in 
Guadeloupe 

C. POS ER, A. NDEMAPOU 

Sugarcane yields are much lower than the potential in northern Grande-Terre, 
Guadeloupe, around the towns of Petit Canal, Port Louis and Anse Bertrand . 
CIRAD, in collaboration with SICADEG (Societe d'interet collectif agricole et de 
developpement economique de la Guadeloupe) and members, conducted a 
survey to explain these yield differences and propose solutions. 

Rainfall in this region is low, variable from year to year and highly localised. 
Currently, 12% of the sugarcane cropping area is irrigated. The shallow soils are 
generally compacted in the interrows, which can become a constraint during drought 
periods. 

The mean sugarcane yield was found to be 57 t/ha (range 10-86 t/ha) in the 
31 plots monitored on 18 farms. The sugar content was closely dependent on the 
harvesting method (mechanical cutting, burning) and the harvest period (rainfall) 
more than on the cropping practices. 

Th e survey results indicated that three main factors could explain the yield varia
tions : 
- cane planted too late and under relatively poor conditions, e.g. no irrigation 
on many plots, soi I analyses very seldom carried out prior to pi anti ng, decom
paction between rows, generally no soil amendments, distances between plan
ting furrows greater than recommended, cuttings taken from cane plants more 
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Pl anting excessive ly long cuttings, 
whi ch hampers shoot-ti p growth . 
© C. Poser 

Poor compacted so il in north ern 
Grande-Terre, Guadeloupe. 
© C. Poser 



OSIRI-R+ FOR WATER 

RATIONING MANAGEMENT 

In 2004, subsequent to 
finali zation of OSIRI -RUN, 
a derivative software package 
(OSIRI-R+) was developed. 
OSIRI-RUN ca lculates irrigati on 
flow rates that will keep crop 
water consumption (rea l 
evapotranspiration, ETR) at 
a pea k level (max imum 
evapotranspiration, ETM). 
OSIRI-R+ ca n be used to control 
irri ga tion so as to achieve an 
ETR/ETM rate of less than 1 in 
terms of fulfilling crop water 
requirements, i.e. a minimal 
water sup~ly- this rate 
is maintained unless there 
is rainfall. OSIRI-R+ has now 
been teste9 for irriga ti on 
management in water rationing 
experimental plots. 
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than 10 months old, planting of excessively long cuttings and not quickly cove
ring them with soil, with very little replacement of missing plants 
- poor weed management on plots that are neglected because of poor initial growth, 
postponement of harvesting until the next season, no irrigation possibilities, or a 
lack of maintenance on irrigated highly diversified farms 
- poor water management in irrigated fields, with available supplies often used 
for supplementary irrigation. No Theresa probe, highly variable water flow rates 
in fields, heterogeneous instantaneous water supplies sometimes incompatible with 
the soi I type. 

The following solutions were proposed: 
- to boost the awareness of agricultural contractors on the importance of complying 
with specifications, especially for planting operations 
- to improve cropping cycle adjustment (planting date) 
- to boost the industry's capacity to overcome constraints associated with plan-
ting early drought-tolerant varieties in shallow soils 
- to ensure good weed control in any type of field 
- to conduct pest and disease monitoring in crop fields 
- to ensure sustainable irrigation management, while taking the network features 
and limited available water supplies into account. 

An analysis of sugarcane growers 1 activity models also highlighted differences 
between farms equipped with tillage machinery or transportation vehicles and 
farms with very I ittle equipment (the most common situation). Equipped farms 
were able to maintain their fields, with suitable crop yields, and had time for agri
cultural diversification. Under-equipped farms were found to be dependent on 
external services (e.g. agricultural contractors, mutual aid) and were unable to 
comply with the cultivation timetable, with planting often done late and under 
poor conditions. 

Improving water management in Reunion 

Effect of water rationing during the first third of the cropping 
cycle 

J.L. (HO PART, L. LE MEZO, R. N ATI VEL, B. M OUNY, J. L. BROSS IER, M. M EZINO, J.P. o 'ExPORT 

A trial has been under way since 2000 in Saint-Pierre to study the effects of stop
ping or sharply reducing irrigation during the first third of the cropping cycle (40 
to 120 days after ratooning). The 2003-2004 results confirmed the potential bene
fits of rational reduction of watering during the first third of the cycle (relative to 
recommended dosages). In 2003-2004, rainfall was high during the initial part 
of the cycle, i.e. 243 mm up to 51 days after ratoon i ng. No water stress was noted 
in the early water rationing treatment (from 52 to 79 days). The treatment invol
ving later rationing (from 80 to 130 days after ratooning) underwent water stress 
with a reduction in plant growth, but without a significant effect on sugarcane 
yields (trial mean: 133 t/ha, CV: 6.5 %). 
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Analysis of variability in irrigation practices 

R. PIROT, M. G UENO, R. N ATI VEL 

The shortcomings of the first data collection system on irrigation practices based 
on periodic water consumption readings were soon obvious, i.e. measuring 
water supplies on a 15-day basis was insufficient for analysing different farmers 1 

practices. A decision was thus made to install equipment capable of accurately 
monitoring these practices. This installation is under way and involves a data acqui
sition unit fitted with a counter for continuous water-use monitoring. 

Demonstration plots were also to be set up on some farms. Irrigation on each of 
these farms will be controlled automatically. A first automatic irrigation manage
ment program was developed (Figure 2). It includes the same data acquisition 
system as that used to record farmers 1 water consumption data, and during the day 
it automatically switches on irrigation of the demonstration plot from a water tower 
supply. The system is connected to a rain gauge and is based on calculation of the 
water balance in each plot. It has been validated in a controlled environment. 

DAILY RAINFALL 

MEASUREMENT 

ETM CALCULATION BASED ON 

ASTRONOMICAL RADIATION 

DAILY WATER BALANCE 

CALCULATION 

CALCULATION OF 

IRRIGATION NEEDS 

RAINFALL MEASUREMENT 

DURING IRRIGATION 

MEASUREMENT OF IRRIGATION 

WATER VOLUME 

- astronomica l radi ati on (according to the locati on) 

- ETP O (potential evapotranspirati on at sea level) 

- elevati on gradient 

- ETP (potential evapotran sp irati on at the considered elevation) 

- crop coeffi cient Kc (FAO sta ndard or temperature sum) 

AMc1 = AM c1_ , - ETMc1 + Rainc1_ , + (lrrigati onc1_ , x network effi c iency) 

(AM, available so il mo isture; ETM, max imum evapotranspirati on) 

- dail y needs = AMmaxi - AMc1 

- irrigati on= dail y needs/network efficiency 

M onitoring counters and 
an automati c irrigation valve 
in Reunion. 
© R. Pirot 

- estimated needs = dail y needs + fraction of water needs of the fo llowing round 

- if AMc1 < AMmini -+ va lve opened 
IRRIGATION CONTROL 

- if estimated needs > availabl e vo lume -+ va lve opened 

- if rain fa ll during irriga ti on + supplied vo lume > irriga ti on -+ valve closed 
IRRIGATION STOPPED 

- if supplied volume > available vo lume -+ valve c losed 

Figure 2. Ca lculat ion of automati c irrigati on management in a contro l plot. 
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EXTENSION OF THE 

METEOROLOGICAL NETWORK 

In Reunion , CIRAD has been 
manag ing a network 

of agrorneteoro logi ca l stations 
for more than 20 yea rs. 

In 2001 , at the request of the 
sugarcane sector and in 

partn ership w ith Meteo France, 
thi s network was extended to the 

current level of 45 automati c 
stati ons, i~clud ing 30 synopti c 

stations1 and 15 rain gauges. 
Readings are, taken daily at these 

stations and the data are 
assessed, validated and stored. 

Quality control of the meteorological network 
managed by CIRAD in Reunion 

R. PIROT, M. M EZINO, R. N ATIVEL, J.L. 8ROSS1ER 

Three quality control initiatives 

In Reunion, as part of the extens ion of the agrometeoro log ica l network, a quality 
control plan was drawn up. The funct ioning of the meteorological stations must 
be carefull y monitored to ensure the quality of the measured meteoro logica l 
data. The stat ions are thus visited regularly and al l co ll ected data are systemati 
ca ll y contro ll ed on a daily basis. A data error detection program was designed 
for this monitoring process. Thi s software, w hi ch is integrated in GESMET version 
2, includes three quality contro l modules: 
- support for the detection and correct ion of meteorological data errors 
- monitoring of operations required to correct meteorological data errors noted 
at the stations (meteoro logica l data error monitoring, SAM) 
- reporting of informat ion concern ing operations ca rri ed out at the stat ions. 

Detection and correction of meteorological data errors 

Data anoma lies ca n occur as a resu lt of an information transmission error. Thi s 
genera ll y leads to an absence of data for the station on the day it is queried. 
The software just adv ises the user to reiterate the query. A malfunctioning tele
phone line ca n cause these errors, but they are usua ll y due to a sensor fa ilure. 

The data error monitoring module of the software indicates the station, type of 
error and proposes a correct ion value. Thi s new value can then be submitted 
to the database and the error ca n be reported to the stat io n maintenance 
technicians. 

Figure 3. Screenshot of the meteorolog ica l data error moni 
toring modu le. 

Meteorological data error monitoring 
module 
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The stat ion maintenance technician uses the SAM 
data error monitoring module to check the status 
of the network. A ll of the meteorological stat ions 
are I isted in this module. Reports on stat ions for 
w hich errors have been detected d iffer from those 
of the other stat ions (Fi gure 3) . The techni c ian thus 
obta ins a summary of required in terventions and 
potential replacement sensors to take on the station 
visit. After the in terventi on, the technician reports 
the interventi on on the error display form (Figure 
4). Finally, the database manager validates the inter
vent ion and erases the error once the problem has 
been so lved . 
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Information reports 

Detai Is on all station interventions, detected errors and their solution are I isted 
in a table that can be queried to determine why some data are not available for 
one station on a specific day (Figure 5). 
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Figure 4. SAM data entry form for the meteorological 
stat ion inspection visit. 

1

- Plogededole 
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Figure 5. Screenshot of an in fo rmation report concerni ng a 
meteorological stat ion inspection visit. 

Weed management: certification of two herbicides 

P. M AR NOTTE, J .J. ESTHER 

In June 2004, the herbicides S-metolachlore and mesotrione were authorized for 
use with sugarcane. 

Very little research has been undertaken to evaluate herbicides for their poten
tial use in sugarcane fields. However, a broader range of herbicides authorized 
for use with sugarcane is now urgently needed in France because of official appli
cation restrictions. 
In Reunion, the Service regional de la protection des vegetaux (SPV) and CIRAD 
have thus been carrying out herbicide efficacy trials since 2002. These tests take 
the marked soil and climatic variations and the selectivity of herbicides relative 
to sugarcane varieties into account. The results are then confirmed through other 
official trials conducted by crop protection teams in Guadeloupe and Martinique. 
Th ese official tests are required for the certification of new herbicides. In June 
2004, this process resulted in the certification of two herbicides, i.e. S-metola
chlore and mesotrione. 
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Modelling sugarcane growth 

J. F. M ARTIN E, G. VI GNAIS, M. JEANN ETTE, E. H OARAU 

Enhancement of the SIMULEX platform and the MOSICAS model 

The SIMULEX simu lation platform was completely updated in 2004 and integrated 
with the MOSICAS model. SIMULEX will likely not be further modified except 
with respect to simulation displays. The following features of the MOSICAS model 
will, however, be modified in 2005: 
- plant cane and varieties cropped in Reunion and Guadeloupe taken into account 
- long cropping cycles taken into account 
- detailed LAI (leaf area index) taken into account to fac ilitate integration of new 
varieties 
- improved simu lation of sugar content and plant growth (sta lk elongation). 

MOSICAS is being used as a scientific col laboration, diagnosis and decision 
support tool in Reunion, Guadeloupe, Brazil and Morocco. 

Initial results on sugarcane ripening 

Sugarcane growth (stalk elongation) and ripening (Brix %) were monitored in 
ongoing trials with the aim of improving the simu lation of sugarcane growth and 
sugar content. Growth was monitored in at least 30 cane plants per treatment by 
measuring the stalk elongation . Ripening was monitored in 5-10 cane plants per 
treatment, by measuring the Brix with a digital refractometer at five equidistant 
points on the sta lk (11 5-poi nt Brix 11

). 

Validity of the ripening assessment method 

We first highlighted a direct linear relation (r2 = 0.98) between the 5-point Brix 
measurement in the field and the sugar content in the laboratory-the field 5-
point Brix is a relevant indicator of the degree of ripeness. This relation overcame 
the need to conduct replicate sugar content measurements in the CERF labora
tory, which can on ly be performed (but this measurement is very comp I icated) 
during the harvesting season . 

Hence, during the sugarcane harvest ing season and with the same sugarcane 
batches, which were likely at different degrees of ripeness (ju ice Brix: 8-25%), 
we compared the field 5-point Brix w ith conventiona l press measurements perfor
med in the CERF laboratory. The field 5-point Brix measurements were very close 
to the Brix (r2 = 0.98) and sugar content (r2 = 0.98) measurements determined in 
the laboratory using ground samp les. This was also the case for the sugarcane 
moisture estimates. Corre lation ana lyses are under way to assess the purity and 
fibre levels on the basis of 5-point Brix measurements. 

Ripening patterns of cv R570 

Based on ana lyses of corre lations determined with MOSICAS, the 5-po int Brix 
measurements obta ined for cv R570 generated interesting results. The Brix was 
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found to depend more on the period of the year or the calendar day (r2 = 0.88) 
than on the age of the sugarcane crop (r2 = 0.69). The ripeness according to age 
was highly dependent on the type of cycle (plant cane, ratoon), elevation (high
lands or lowlands) and harvesting or previous planting date (Figure 6). 

The ripeness curves in Figure 6 differ substantially according to the factors studied. 
Sugar accumulation thus begins very early, i.e. around 80-100 days for a ratoon 
crop cut at the end of the previous season, and around 200-250 days for highland 
sugarcane planted in March. The Brix peaked at a higher level (24%) for lowland 
sugarcane as compared to highland sugarcane (21 %). In ratoons, ripeness was 
reached in the lowlands for sugarcane under 12 months old and in the highlands 
for sugarcane over this age. In plant cane, ripeness was reached in the lowlands 
at 14 months, and later in the highlands. Finally, ripeness was reached earlier 
(beginning of Brix) and more intensely (curve slope) in the lowlands as compared 
to the highlands, in ratoons as compared to plant cane, and in sugarcane at the 
end of the harvesting period as compared at the beginning of the cropping period. 
These results should be reconfirmed for cv R570 and other varieties in 2005. 
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Figure 6. Vari at ions in Bri x(% jui ce) in the fie ld according to the sugarcane age, cyc le, elevat ion, p lan
ting or previous harvesting date. 
PC: plant ca ne; Rat: ratoon; H: highlands, 800 m; L: low lands, 50 m; 3: M arch planting; I: prev ious 
initial harvests; M : previous middl e harvests; F: previous end of cyc le harvests. 
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Cropping cycle calibration 

It would be virtually impossible to set up tests to assess cropping cyc le ca libra
tion in such comp lex situations (e levation, cyc le type, crop age, harvest or previous 
planting date, year effect) . However, the MOSICAS model, which has been preva
lidated for Brix monitoring under various condit ions, can simulate cropp ing cycle 
ca librations. 

In ratoons with cv R570, studies of corre lat ions between the Brix and cl imatic 
indicators (temperature, so lar radiation, crop-water requirement fu lfi I lment rate) 
simulated by MOSICAS revealed that the period of the year is important (r2 = 0.88) 
and that climatic effects are more important during the millable stalk formation 
phase (r2 = 0.82-0 .87) than the time from planting or the previous harvest 
(r2 = 0.2-0.85). 

A first simple and effic ient statistica l model was developed: 
juice Brix(%)= - 1.53 + dcal/10 - (1.71 x 10-4 x dcal 2

) + (2 x 10-3 x dd) 
with 
r2 = 0.954; standard error= 1.03, d.f. = 53 
deal: ca lendar day of the year 
dd: sum of degree-days from harvest or planting (thresho ld = 12°C). 

Geographical and varietal validity of the MOSICAS model 

J.F. M ARTI NE, M . AABAD (CTCS), C. Sucu tTAN I (ESALQ, Brazi l), P. TODOROF F, S. CATSJDONIS 

Thesis research in Morocco and Brazil has been focused on the geograph ica l and 
varietal adaptat ion of the MOSICAS model. Specific experiments were set up in 
2003 and 2004. The model is to be adapted in 2005 and 2006. Observation data 
co ll ected in Guadeloupe on cv R570 and other local commercia l varieties will 
also be used to validate the model. 

Harvest forecasts in Reunion 

The MOSICAS growth model can provide production indicators to exp lain yield 
variations. The sugar industry in Reunion (factories and CTICS) requested CIRAD 1s 
support to determine the reasons fo r the differences between production leve ls 
estimated for the purpose of harvest planning and the levels actua lly obtained. 

A study of corre lat ions between observed production levels and bioclimatic indi
cators simu lated by a biophysica l model (MOSICAS) over a given period (1995-
2000) gave rise to statistica l models capab le of forecasting these production 
leve ls. These stat ist ica l models cou ld then be used for sugarcane production fore
casting the fo llowing years (2001-2004) . The method was described in the previous 
Sugarcane Annual Report 2003 and was not modified for the 2004 estimations. 
The corre lations used for 2003 were reeva luated for 2004 on the basis of 2000 
to 2004 production leve ls and assuming that the areas were stab li zed. The results 
are presented w ith comments in Table 1. 
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Table 1. Estimated sugarca ne production and errors relative to actual production in Reunion (2004), according to three 
methods: model (CI RAD), surveys (facto ri es), sampling (CTI CS). 

Sites Error(%) Esti mated yie ld 
(1 OOO t) 

Model Survey Sampling Model I Survey Sampling 

Cropping areas 

Beaufonds - 8.87 - 6.25 452 465 

Bois-Rouge 1.86 - 4.42 438 411 
Savanna 12. 15 1.4 240 217 
Le Gol 3 .56 0.84 494 481 
Grands-Bois 0 .85 - 1.7 356 347 

Sugar factories 

Bois Rouge - 4.08 - 5 .31 - 7.65 940 928 905 
Le Gol 5 .1 6 0.4 0.2 1 040 993 99 1 

Total production in Reunion 

0.56 - 2.44 - 3.71 1 980 1 921 1 896 

Tab le comments: 
- Beaufonds Bois-Rouge cropp ing ar-eas . Very low est imation for Beaufonds, which cou ld be exp lained 
by transfers between cropp ing areas, o r by a decrease in sugarca ne cropp ing area at Beaufonds 
- Sava nna cropp ing area . The est imate provided is a mea n production leve l for the last 2 yea rs si nce a 
modell ing simulation was not possib le because of va ri at ions in the areas and in crop management 
seq uences 
- Go! cropp ing area . The overest imation was likely due to severe drought at the midd le and end of the 
season and to the fact that irrigation in this area was not taken into account 

- Grand-Bo is cropp ing area. Production in th is area was correct ly esti mated, as during prev ious years 
- Sugar factor ies. Product ion fo r the Go l sugar factory was aga in overest imated (> 5%) because of the 
increase in area in the Sava nna cropp ing area and the drought at Le Go! during the c ropp ing season 
- Tota l production in Reunion. The es timat ion was exce llent (+ 0.6%), even better than in 2003 (+ 2%). 
In tegration of the production histo ry thus enhances the pred ict ion potential of the model and the corre
lat ions. 

Mapping the agricultural area in Guadeloupe 

P. TODOROFF, N. LUBIN, 5. (ATSIDON IS 

AGRIGUA project successfully completed 

The Direction de I I agriculture et de la foret (OAF, agricu lture and forest authori
ti es) asked CIRAD to coordinate the first year (2 002 ) of the AGRIGUA (Association 
guadeloupeen ne de recuei I d' informations geograph iques d' ut i I ite agrico le) 
project. The aim of this project was to set up a geographica l information system 
(GIS) to assess agricu ltural patterns and thus enab le users to meet requirements 
with respect to current agricu ltural subsidization procedures and future European 
direct ives (2005). 

CIRAD, Sugarcane Programme, 2004 

Actual y ield 
(1 OOO t) 

496 
430 
214 
477 
353 

980 
989 

1 969 
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CIRAD set up a team and an operating structure to enable regular updating of 
the agricultural situation (G PS surveys, satellite images, etc.): installation of equip
ment (premises, GPS, computers, software, etc.), recruitment and tra in ing of GPS 
technicians, development of survey and field measurement methods, organ iza
tion of information exchanges between partners and GIS maintenance. Almost 
all crop fie lds have now been referenced in the GIS database of the AGRIGUA 
project. 

In 2004, the AGRIGUA association was formed and took over coordination of 
the project. CIRAD is the association secretary and, like all members, has perma
nent access to the database. 

RAINETTE 
A NEW INFORMATION 

SYSTEM IN ,GUADELOUPE 

P. Tod9roff, J,BJaurent 

The RAINETTE 
(Reseau agro·-meteorologique 

de Guadeloupe)° meteoro logical 
database is now ava ilabl,e on line 

at http://www.rainette.info 
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SUCRETTE project-remote sensing sugarcane monitoring 

The SUCRETTE (Suivi de la canne a sucre par te ledetection) project was laun
ched w ith funding from the Terre et Espace network w ith the aim of developing 
spatial applications that could be used in agriculture and of setting up a GIS for 
monitoring y ield and sugarcane harvesting via periodic very high spatial reso lu
tion satelli te images. 

The SUCRETTE project wi ll assess three experimenta l sites in Reunion, Mauritius 
and Guadeloupe. The project already has access to a database on the Garde! expe
rimental site in Guadeloupe. Sugarcane growth modelling studies have led to the 
development of a sugarcane harvest forecasting tool for Guadeloupe. The satel
lite images obtained wi ll also be used for the AGRIGUA project, and they w ill 
be purchased and analyzed (p lot delineation and landuse determ ination) jointly 
via the two projects. 

A management support system was developed for the sugarcane industry. This 
system includes a GIS, designed to assess agricultural patterns, combined with a 
production model and supplied with time-series Earth images. 

The project resu Its high I ighted that this sugarcane cropping area monitoring tool 
is technica lly feasible for loca l communities (harvest mon itoring maps, crop 

CIRAD, Sugarcane Programme, 2004 
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growth monitoring, yield forecasting supportt while also providing an agricul
tural support tool for large- and medium-scale plantations (intra- and inter-plot 
heterogeneity maps, growth defects, crop damage, etc.).The information derived 
from these tools (Figure 7) could be generated by a remote-sensing operator and 
distributed to users by a sugar industry operator, i.e. companies specialized in 
remote sensing and the sugarcane sector). 

Figure 7. Potential in fo rmation distribution orga ni zat ion and networks. 
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The Support to the sugarcane sectorr and producers 
research gmup provides assistance to sugarcane growers 
and sugar producers on the basis of results obtained 
from the other research projects undertaken within the 

Programme. This research group: _ 

- offers ~ ~p>ort to'Su~r producers in therrench over
seas departments {DOM), in Africa and Asia 
-validates and implements decision-making tools. 

CIRAD, Sugarcane Programme, 2004 

The Support to the suga rca ne 
sector and producers research 
group is coordinated 
by Pierre Langel I ier-Bel levue. 
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Mechanization of the sugarcane cropping area 

Increased production costs, mainly due to an increase in inputs and a shortage 
of farm labour, generally boosts expenses for manually harvested sugarcane. 
Moreover, the decision of the Common Organisation of the Market to lower 
sugar prices forced the profession to seek new ways to enhance productivity, even 
though the losses are partially offset by EU and French subsidies. 

Mechanized harvesting in Reunion 

D. D EURVEILHER 

In Reunion, manual harvesting costs have now reached €17/t of harvested sugar
cane. Mechanization is one means of increasing productivity, but heavy invest
ment is required to replace manpower by machines and the improvement of 
local land conditions is also a prerequisite. General discussions on preliminary 
field preparation, on both farm and sugarcane-growing area scales, should be im
mediately initiated with respect to the type of machines to be used. All ways to lower 
production costs should be carefully analysed because there is very little leeway. 

Conditions for forming farm groups for mechanized harvesting 

Prior to forming a group for mechanized sugarcane harvesting, it is essential to 
study the location of each farm in relation to the delivery site: distance from the 
farm to the weigh bridges, potential mechanized area, and areas immediately ready 
for mechanized harvesting. In 2004, a first study was carried out for the Groupement 
de recolte de la zone ouest. 

Field location. The plots to be harvested were selected from a OAF referenced 
sugarcane plot database. This database contains information on agricultural plots 
on farms in Reunion and is updated on the basis of farmers 1 annual declarations. 
Several parameters were assessed, including: 
- the location of all concerned growers in the area 
- all cropping areas in the zone, managed plots, unmanaged plots and possibi-
lities of expanding the plots 
- the distance between plots and weigh bridges 
- the most suitable transportation route 
- the number of trailers required on the plot when harvesting chopped cane 
(according to the distance) 
- organization of the cropping calendar and the harvesting circuit in the area. 

Harvester cost-effectiveness. Investment in a harvester can vary according to the 
type of machine, specific subsidies and the financing conditions. This purchase 
leads to fixed expenditures that can be calculated and variable expenditures that 
depend on the operating conditions. Guidelines are needed because of the 
absence of local references on the machinery operating costs under harsh condi
tions. Guidelines are available for the SIMON whole sugarcane harvester. For 
chopped cane harvesters, the data are not representative of the special conditions 
prevailing in western and southern Reunion. The aim is to obtain a price per 
harvested tonne that is equal to or lower than the per-tonne cost for manually 
harvested sugarcane. 

CIRAD, Suga rcane Programme, 2004 
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Sugarcane cropland planning for mechanized harvesting 

Three key parameters must be considered when developing a field, farm or a crop
ping area to enhance machinery performance, i.e. the topography, windrow posi
tions and access roads. 

The mechanization potential of a plot and subsequent development plans depend 
on the topography. The rows should be as long as possible. The windrow posi
tions are determined according to the geometry of the plot, while also taking the 
cost-effectiveness and erosion control considerations on steeply sloped land into 
account. In irrigated areas, e.g. western Reunion, sugarcane can be planted 
during drought periods (September to October) even if the land is sloped, because 
this crop provides sufficient cover to protect the soil during heavy year-end rain
fall periods. Crossfall slopes should be avoided when harvesting chopped cane 
because loaded trailers would not be able to follow the harvester. This is a key 
point when levelling raised areas during operations to develop the plot for machi
nery use. 

Finally, plot access roads should have two functions, i.e. provide access and a 
turnaround area for the harvester at the edge of the field, thus reducing the width 
of the field. 

Mechanization of the sugarcane-cropping area in Guadeloupe 

J.C. DAGALLI ER, T. PIERRE (ENITA trainee, CTICS, INRA, CIRAD), G. MASSON (SI CA Canne trai

nee, CIRAD) 

CIRAD, Suga rca ne Programme, 2004 

An assessment of the mechanization situa
tion in Guadeloupe was initiated in 2004. 
Machinery, service providers, the mecha
nized cultivation chain and work quality 
were evaluated. The conclusions indica
ted that mechanization should be substan
tially improved and technical training 
sessions set up concerning specifications, 
calibration, and good machinery usage 
and maintenance. 

Machinery assessment. There are many 
machines. Few farms are equipped, and 
mechanized operations are carri ed out 
by service providers using machinery that 
is high-powered (tractors > 110 CV), not 
very diversified, heavy (trailers with a 
25 t carrying capac ity for transporting 
sugarcane from the fi eld to relay centres, 
tractors of over 6 t). The machines are 

Turnaround area at the edge of the fi eld- perma
nent stump damage. 
© J.C. Daga llier 
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designed for road transport (carrying capacity, wheel-base width) but not for 
manoeuvring in fields. These machines are very expensive to purchase, and even 
more so for the island of Marie-Galante due to the added shipping cost. The machi
nery brands and markets are shared amongst three main distributors. 

Service provider assessment. These providers are mainly involved in mecha
nized harvesting and transportation. There are many official CUMA cooperatives 
and ETA agricultural contractors. Very few individual sugarcane growers are invol
ved (2% of deliveries, i.e. less than 20 OOO t of sugarcane, for an annual total 
harvest of 880 OOO t). Cane transportation is easy and profitable and thus mainly 
carried out by contractors, but to the detriment of tillage, manuring and weeding 
operations. Finally, during planting, preliminary cultivation operations are mecha
nized, but the cuttings are still planted manually. 

Mechanized cultivation chain and work quality assessment. Soil compaction 
problems arise because guidelines are not followed. The most common mecha
nized cultivation chain includes: shallow ploughing, 1 st tillage (ploughshare), 2nd 
tillage (ploughshare), secondary tillage (disc share), furrowing + manure appli
cation, amendments, filter mud or stillage + preemergence herbicides. It is hard 
to carry out all the different required operations at the right time due to the lack 
of available machinery (e.g. tractors, which are deployed for transportation 
purposes) during a period of unsettled weather conditions (December to May). 
These operations are thus often conducted at unsuitable times, without compliance 
with specifications or taking the characteristics of the field into consideration. 
Production costs are therefore very high (Table 1 ): too many operations, per
hectare operation time generally too long. 

Table 1. Cultivation operation costs for sugarcane 
planting in Guadeloupe in 2004 
(Sources: CTI CS, SI CA Canne). 

Operation Mean price (€/ha) 

Shallow ploughing 
1 st till age 
2nd till age 
Secondary till age 
Furrow ing 

Subtotal 

M anure 
Amendments 

Subtotal 

Preemergence herbi c ides 
Postemergence herbi cides + borders 
Cuttings (10 t/ha) 

11 9 
154 
123 

85 
77 

558 

299 
228 

527 

74 
33 8 
503 

Subtotal 915 

Total pl anting cost (apart from preliminary cultivation) 967 

Total plantation 2 967 

Harvesting 

M echani zed harvest cost (cutting) 
M anual harvest cost (cutting) 

€1 5/t 
€ 22/t 

CIRAD, Suga rca ne Progra mme, 2004 

M echani zed harvest. 
© T. Fovet. 



AN EMPLOYMENT-GENERATING 

SECTOR 

In Reunion and South Afri ca, 
suga rcane is a major agri cultural 

economic sector. 
In Reunion, the sugar industry 

accounts for 27% of agricultural 
producti on and 6 OOO related 

jobs. In South Afri ca, 50% of the 
sugar produced is exported and 
thi s sector provides income for 
40 OOO smallholders, alongs ide 

1 700 large-scale suga rcane 
farms which suppl y around 

80% of the vo lume of suga rca ne 
to be processed. 

Several problems are now 
affecting these subsectors so the 

industry is looking fo r ways to 
increase effi c iency and 

alternative end products 
(fuel/ethanol; materi als). 
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Projects geared towards improving the organization of service provider inter
ventions have been requested by CTSR (Comite technique de suivi des recoltes) 
the SICAs. The plan is to reassess the cost of some operations (sti I I age, filter mud 
and ash spreading) and also to set up a monitoring and training system for harves
ting (CTSR) and cultivation operations (SICA). The focus should be especially on 
harvesting conditions (use of heavy machinery under very wet conditions), which 
could have a negative impact on the agricultural results of the industry-recom
mendations should be given to work contractors. 

Enhancement of production quality and 
organization of mill supplies 

C. LEJARS, 5. Auzoux, 5. LAURENT 

CIRAD is addressing two main objectives in Reunion and South Africa, studying: 
- sugarcane supplies to sugar factories: delivery planning and quality enhance
ment 
- factors that induce qua I ity variations at different levels (plot, farm, sugarcane
growing area). 

This research was carried out with the support of the Decision Support and 
Biostatistics team of CIRAD 1s Annual Crops department. 

Mill supply organization 

Simulation tools were used to develop new methods of organizing sugarcane 
supplies to sugar factories-these methods take sugarcane qua I ity into account 
and enhance the cost-effectiveness of the sector. Profits resulting from the imple
mentation of these new sugarcane supply systems have to be equitably redis
tributed. In 2004, in Reunion and the Sezela sugarcane-growing area in South 

CIRAD, Suga rca ne Programme, 2004 

Africa (in col labora
tion with SASRI ), an 
in-depth analysis 
was conducted on 
the impacts of these 
organizational 
changes on the man
agement of su gar
cane flows and on 
payment scheme 
patterns. Concerning 
this latter point, 

Load ing suga rca ne. 
© S. Laurent 
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the assessments focused on two topics: sugarcane payment systems and the 
influence of remuneration on the actual regularity of sugarcane supplies to 
factories and on the quality of the delivered cane. 

MAGI sugarcane supply simulation model 

The MAGI model, which was initially designed for Reunion, can be used to assess 
the impact of sugarcane supply organization scenarios. In 2004, a generic model 
was programmed in Visual Basic® for applications in South Africa and other 
sugar-producing countries. 

Payment system assessment 

The impact of different payment systems was investigated as part of the study on 
modifications in sugarcane supply organization aimed at promoting quality. A calcu
lation tool was developed in Excel to calculate the total value generated by a new 
supply organization method, and to evaluate the effects of payment systems on 
growers 1 income and on the redistribution of this value between growers and 
suppliers. 

Simulations were performed for the Sezela sugar factory in South Africa . A study 
is under way in Reunion, but it will take longer because the number of growers 
to consider is 20-fold greater than the number in South Africa. 

In 2004, this tool was used to assess the impact of reorganizations on planters 1 

income according to three payment formulas and three organization methods. 
The between-grower distribution of value generated by the industry was also 
assessed. 

Product quality 

In Reunion, a statistical study was carried out in collaboration with the Gal sugar 
factory (Saint Louis) to identify climatic and physiological factors that could 
explain the technical deviation (in%) noted in the factory. This technical devia
tion is the difference between the sugar content of sugarcane entering the factory 
and the actual amount of sugar produced in the factory with this sugarcane. The 
aim was to determine the relationship between these parameters, the mean tech
nical deviation for the season and the weekly deviation patterns during the season. 

None of the tested factors considered separately was closely correlated with the 
mean technical deviation. Multivariate analyses were performed to come up with 
explanatory models . On an annual level, the low number of observations 
relative to the number of potentially involved variables hampered the search for 
a model to predict the mean technical deviation. The model should thus be vali
dated in the near future. Concerning the weekly technical deviation, climatic and 
physiological variables could be integrated to obtain a statistically satisfactory expla
nation for the mean technical deviation. The study showed that the analyses 
should be differentiated according to years by incorporating a climatic year effect 
in the models . The models will be validated with supplementary data in 
2005-2006. 

CIRAD, Sugarcane Programme, 2004 
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Development of decision-support tools 

J.L. CHO PART, L . LE M EZO, M . M EZINO 

OSIRI-RUN irrigation consulting tool 

In 2003 and 2004, OSIRI-RUN (a simple tool for individual irrigation manage
ment in Reunion) was developed by CIRAD at the request of the Chambre d'agri
culture of Reunion. In addition to the feasibility and acceptability tests under way 
on farms, a experiment was set up to test three tools-OSIRI-RUN, IRRICANE and 
ETM (maximum evapotranspiration, i.e. crop water needs). Instrumentation has 
been installed for this experiment (water balance sensors, lysimeters, rhizotrons). 
The relevance of consulting recommendations drawn up with the help of OSIRI
RUN could thus be assessed, especially by comparing measured drainage flows 
with those simulated with OSIRI-RUN. 

Simulation of irrigation water consumption with M-CIDER 

The SIMULIRRIG software package has been used until now to determine irri
gation water needs (volume, peak flow rates) for sugarcane-growing areas. It can 
be connected to a meteorological database to generate decision-support data for 
designing irrigation networks. 

In 2004, a complementary tool, i.e. M-CIDER (modelling irrigation water consump
tion according to the irrigation system, environment and water supply) was fina
lized. M-CIDER estimates theoretical irrigation water needs on a plot and farm 
scale while taking, like SIMULIRRIG, the different constraints (climate, soil, irri
gation plan, irrigation efficiency) into consideration. M-CIDER also takes other 
constraints into account that may affect farmers using conventional practices: maxi
mum flow rate at the terminal, water outages and controlled flow. This tool is used 
within the framework of the PCSI (Projet commun des systemes irrigues) project 
in Reunion to compare irrigation water consumption levels recorded on farms 
and theoretical irrigation water needs simulated with this tool. 

Support to the Senegalese sugar company 

0. M ARI ON P. M ARNOTTE, M. SENE, A. 0 BIANG 

Tests underway since 2003 at the Compagnie sucriere senegalaise (CSS) in Richard
Toi I have generated results in the following fields: sugarcane breeding, weed 
control, irrigation, tillage, and crop management sequences. Some of these results, 
such as dryoff irrigation for sugarcane crops and Cyperus esculentus control, are 
especially interesting. 

Dryoff irrigation for sugarcane crops 

For fields under flood irrigation, it is crucial to stop irrigation (dryoff) several 
weeks prior to harvesting in order to facilitate the movement of cane loading and 

CIRAD, Suga rcane Programme, 2004 
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transportation vehicles. CSS feared that this could lead to a drop in sugarcane 
technological qua! ity, and thus decided to apply a short dryoff period (15-21 days). 
This did not, however, enable sufficient drying of the soil and led to mudding up 
of tractors during harvesting, and subsequent destruction of sugarcane stumps
yields thus declined the following season. 

In 2003-2004, 10 trials were set up to study the effects of dryoff irrigation times 
on the technological quality of sugarcane. The dryoff period was adjusted accor
ding to the evapotranspiration level just prior to harvesting the plot. For all tested 
varieties (N14, 863118, SP701284 and Co6806), sugarcane technological quality 
was optimal during the peak harvesting period, and dryoff irrigation had no 
impact on this quality relative to sugarcane of the same age that was still being 
watered. No decrease in technological quality was noted when the dryoff period 
was extended to 30 days for sugarcane harvested at the beginning of the season 
(Epan = 6.5 mm), to 25 days at mid-season (Epan = 7.7 mm), and to 22 days at 
the end of the season (Epan = 12.3 mm). A dryoff irrigation period of as long as 
40 days at the beginning of the season had I ittle effect. However, on I ight soi Is, 
the dryoff irrigation period should not be extended beyond the recommended times 
(25 and 22 days, respectively) as of the middle of the season, and especially at 
the end. 

Controlling Cyperus esculentus 

Cyperus esculentus is highly invasive in fields harvested at the middle and end 
of the season and cannot be effectively controlled with standard herbicides, i.e. 
ametryn (+) 2,4-D + ioxynil. Moreover, these compounds are phytotoxic to suscep
tible varieties such as 863118 and Co6806. Post-emergence efficacy trials showed 
that C. esculentus can be suitably controlled via two applications, at a 1-month 
interval, of 1 440 glha of bentazone + 1 200 glha of 2,4-D or 1 200 g!ha of MCPA. Herbi c ide tr ia l. 

© P. M arnotte 
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Sugarcane Programme teams 
Programme Head: Domaingue Robert, Montpellier 

Cammal Janine, Montpellier 
Heraucl Dominique, Montpellier 
Remondat Catherine, Montpel I ier 

~ Genome Analysis team 

Team Leader: D'Hont Angelique, Montpellier 

Scientific team 

Le Cunff Lo"1c (PhD thesis), Montpellier 
Pauquet Jerome, Montpellier 
Raboin Louis-M arie, Reunion 

~ Crop Protection team 

Team Leader: Rott Philippe, Montpellier 

Scientific team 

Abu Ahmad Youssef (PhD th es is), Montpellier 
Champoiseau Patri ce (PhD thes is), Guade loupe 
Costet Laurent, Reunion 
Daugro is Jean-Heinrich, Guade loupe 
Girard Jea n-C laude, Montpellier 
Goebe l Regis, South Africa 
Nibouche Samuel, Reunion 
Verca mbre Bernard, Montpellier 

~ Varietal Improvement team 

Team Leader: Oriol Philippe, Guadeloupe 

Scientific team 

Cayeux Soni a (VCAT), Guadeloupe 
Roques Dani ele, Guadeloupe 
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Technical team 

Catal ayud Ca roline, Montpellier 
Card i Ce line, M ontpellier 
Garsmeur O livier, Montpellier 
Promi Irene, Reunion 
Teli smart Hugues, Reunion 

Technical team 

Boisne-Noc Ros iane, Guadeloupe 
Bousquet Jea n-Franc;o is, M ontpelli er 
Ca lvados Jea n-Louis, Guadeloupe 
Carmel Sylvere, Guadeloupe 
Darroussat M ari e-J ose, Montpellier 
Fernandez Emmanue l, Montpellier 
Habas Remy, Montpellier 
Joseph Steeve, Guadeloupe 
Muller M arc, M ontpellier 
Ribotte Jean-Claude, Reunion 
Tibere Ri chard, Reunion 

Technical team 

Al gou Gabrie l, Guadeloupe 
Cadet Murette, Guadeloupe 
Ca lvados Omer, Guadeloupe 
Ca rbel M artin , Guadeloupe 
Cata n Eugene, Guadeloupe 
Coupan Jean-Mari e, Guade loupe 
Efil e Jea n-Claude, Guadeloupe 
Gauvin M ari e-Charlyne, Reunion 
Gelabale Georges, Guadeloupe 
Giougou Chantal, Guadeloupe 
Joseph Anto inette, Guadeloupe 
M ayo So lene, Guadeloupe 
Nav is Patri c ia, Guadeloupe 
Nudol Eli e, Guadeloupe 
Perrot Sy lvie, Guadeloupe 
Pl anchet M ari e-C laire, Guadeloupe 
Ragouton M arc, Guade loupe 
Sapoti ll e Joce lyne, Guadeloupe 
Toubi Lyonel, Guade loupe 
Virapa n Vanessa, Guadeloupe 
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~ Agronomy and Crop Modelling team 

Team Leader: Pouzet Denis, Reunion 

Scientific team 

Brouwers Marinus, Montpellier 
Catsidonis Stephanie (VCAT), Guadeloupe 
Chopart Jean-Louis, Reunion 
Lejars Caroline, Reunion 
Martine Jean-Franc;ois, Reunion 
Pirot Roland, Reunion 
Todoroff Pierre, Guadeloupe 

Technical team 

Annette Annick, Guadeloupe 
Beclard Jules, Guadeloupe 
Brassier Jean-Luc, Reunion 
D'Export Jean-Paul, Reunion 
Gauvin Ginot, Reunion 
Gauvin Lilian, Reunion 

Appendices 

Gobing Smithe, Guadeloupe 
Hoarau Emmanuel, Reunion 
Jeannette Michel Rosaire, Reunion 
Kandassamy Alain, Guadeloupe 
Le Mezo Lionel, Reunion 
Lombard Hugues, Reunion 
Lubin Nadia, Guadeloupe 
Mezino Mickael, Reunion 
Mouny-Latchimy Bernard, Reunion 
Native! Raymond, Reunion 
Sioussaram Jeanne, Guadeloupe 
Vanon Cedric, Guadeloupe 
Velie Aurelien, Reunion 

~ Support to the Sugarcane Sector and Producers team 

Team Leader: Langellier-Bellevue Pierre, Montpellier 

Scientific team 

Bappel Eric (PhD thesis), Reunion 
Dagallier Jean-Cyril, Reunion 
Lebourgeois Valentine (VCAT), Reunion 
Marion Daniel, Senegal 
Poser Christophe, Guadeloupe 
Siegmund Bertrand, Reunion 
Volper Serge, Montpellier 
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Consultations and visits in 2004 

Brouw ers M ., Guadeloupe, mai 2004 . Examen de la rotati on ca nne - banane, des techniques de reco lte, 
v isite d'essa is et de champs de ca nne a Grande-Terre et de l' unite de compostage de la SOFUNAG 

Brouwers M ., Guadeloupe, mai 2004. Visite de la so le ca nniere de M ari e-Galante 

Brouwers M ., Guya ne, septembre 2004. Experti se analyses de sol et fo liaires dans le cadre du FEOGA 

Brouwers M ., Soudan, octobre 2004. Recherche conventions 

Brouw ers M ., Soudan, octobre 2004 . Experti se hydro-agro-peclo logique pour l'agro-epurati on cl 'eff luents 
(resultats confidentiels) 

Chopart J.-L. , Senega l, avr il 2004 . Formateur d'une form ati on CIRAD : RACIN 'SITU, ca racteri sa tion 
in situ des rac ines des culture annuelles et perennes 

Chopart J.-L. , Bres il , novembre 2004 . Co ll aborat ion avec l' U EL (Universite d' Etat de Londrina) sur 
les etudes rac inaires ca nne a sucre : seminaire, encadrement d'un th esa rd, projet de cooperati on 

Chopart J.-L ., France, octobre 2004 . Contacts sc ientifiques avec 2 chercheurs du LTHE (lab. des Transferts 
en hydro logie et environnement) : M. VAU CLIN et J.P. LAURENT en relat ion avec Jes travaux en cours 
a La Reunion 

Chopart J.-L. , France, octobre 2004 . Parti c ipati on a une reunion agro-meteo IN RA et M eteo-France 

Daga llier J.-C., Barbade, juin 2004. 28° conference des West Ind ies Suga r Technolog ists (W IST) 

Daga llier J. -C., La Reunion, novembre 2004. Sol utions techniques pour limiter les clega ts des engins clans 
les parce lles . 

Daga llier J.-C., La Reunion, novembre 2004 . Plantati on meca nique de la ca nne a sucre et itineraires tech
niques simpl if ies 

Daga llier J.-C., Reunion, novembre 2004. M eca ni sa ti on de la reco lte de la ca nne a sucre 

Daugro is J.-H ., Barbade, juin 2004. Parti c ipation a la conference WIST 

D ' Hont A. , Etats-Uni s, janvier 2004 . Parti cipation au congres PAG XII a San Diego 

D ' Hont A. , Chine, mars 2004 . Suivi de notre co llaborati on avec le YSRI 

D ' Hont A., M aurice, avril 2004. Parti c ipation a l'a teli er ICSB 

D' Hont A. , La Reunion, avri l 2004. Parti c ipati on a !'a telier ICSB 

D ' Hont A. , Afr ique du Sud, octobre 2004 . Parti c ipati on a l'a teli er Desequil ibre de li aisons 

DOMAINGUE R, Senega l, mai 2004 . D iscu ss ions avec la Compagni e sucri ere senega laise (CSS) dans 
le cadre de la co ll aborati on sc ientifique et technique (mise a dispos ition de D. MARIO N) 

Domaingue R., Senega l, mai 2004. Rencontre avec B. COQUELET de la SOMDIAA 

Girard J. -C., Senega l, novembre 2004 . Mi ss ion d'experti se en mati ere de phytopatho log ie, a la serre 
de quarantaine et sur le complexe sucri er de Richard To ll , a la demancle de la CSS 

Langelli er P., M ex ique, mars 2004 . Part icipati on au co lloque Les atouts de l' inclustri e sucri ere franc;a ise 
a Vera Cru z et contacts avec Jes industri els ca nne a sucre 

Langellier P., La Reuni on, septembre 2004 . Mission de prospecti on aupres de la SASRI pour une co lla
borati on sur la gestion de l'ea u chez les petits planteurs de canne a sucre 

Langellier P., La Reunion, septembre 2004 . Part icipati on a !'a telier FIRCOP sur la gesti on de l'ea u 

Langellier P., M aurice, septembre 2004. Parti c ipati on a !'a telier FIRCOP sur !'ameliorati on de la produc
tivite chez les petits planteurs 

Laurent S. , Reuni on, octobre 2004 . Presentati on et validation de la clemarche choisie pour la these sur 
la mocleli sa tion stati stique de la courbe de la ri chesse en sucre de la ca nne sur l'1le de La Reunion 

Letourmy P., Reunion, octobre 2004 . Appu i a la these de S. LAURENT sur la modeli sa ti on de la ri chesse 
en sucre de la canne 

M arnotte P. , Senega l, mars 2004. Formati on sur les appl ica tions d' herbi c icles 

M arnotte P., Senega l, mars 2004 . Desherbage a la CSS 

M arno tte P. , Guadeloupe, avri l 2004. Experimentati on sur les herbi c ides et enherbement en culture 
de ca nne a sucre 

M arn otte P., M artinique, avril 2004 . Desherbage de la ca nne a sucre en M artinique 

M arnotte P., Reunion, septembre 2004. Parti c ipation au Seminaire Ca nne 

M arnotte P., Reunion, septembre 2004. Experimentati on sur les herbi c ides en culture de canne a sucre 

M as L., Reunion, septembre 2004 . Parti cipati on au seminaire Quelles recherches prioritaires pour l 'ave
ni r de la fili ere ca nne - sucre a !' hori zon 2007-201 3 
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M ez ino M ., France, octobre 2004. Pri se de contact avec chercheur CIRA D, INRA, CEMAGREF et CIRAME 

M ez ino M ., France, octobre 2004. Parti c ipati on a la journee Agrometeo a l' INRA 

M ontange D., Soudan, mars 2004. EncadrementThese M . Thabit El sayed impact de !'utili sat ion des ecumes 
de sucreri e 

Pauquet J. , Afrique du Sud, octobre 2004. Parti cipati on a !'a telier Desequilibre de liaisons 

Pirot R., Reunion, fevri er 2004. Programmation de !'acti on Appui a !' irrigation 

Pouzet D., Guadeloupe, mars 2004. Preparati on du programme de recherche en Guadeloupe (canne 
seche a fa ible nivea u d' intrants) 

Pouzet D., Reunion, septembre 2004. Preparati on et parti cipati on au seminaire Quelles recherches prio
ritaires pour l'avenir de la fili ere canne - sucre a !' hori zon 2007-2 01 3 

Pouzet D. , Reunion, septembre 2004. El aborati on d'un SIG pour le laboratoire d'analyse des so ls de 
La Reunion 

Pouzet D., Reunion, septembre 2004. El aborati on du programme de recherche de C. POSER (ca nne 
des hauts) et de P.F. CHABALIER (fert ili sa ti on de la ca nne a sucre) 

Pouzet D., Senega l, novembre 2004. Formati on a Thi es dans le domaine de la fe rtili sa tion et de son pilotage 

Pouzet D., Senega l, novembre 2004. Appui a D. MARION 

Raboin L. -M., France, fevri er 2004. M anipulati ons au laborato ire (RFLP) dans le cadre projet de th ese 

Rabo in L.-M., Afrique du Sud, octobre 2004 . Ateli er sur le desequ i libre de liaison chez la ca nne a sucre 
avec la SASRI 

Rott P. , Guadeloupe, juin 2004. Appui en phytopatholog ie a l'equipe canne a sucre 

Rott P., Guadeloupe, juin 2004. Parti c ipati on au comite de th ese de P. CHAMPO ISEAU 

Rott P. , La Reunion, decembre 2004. Appui en phytopatholog ie de la ca nne a sucre au CI RAD La Reunion 

Rott P. , La Reunion, decembre 2004. Bi Ian sur les activites en entomolog ie de la canne a sucre au CIRAD 
La Reunion 

Siegmund B., M aurice, octobre 2004. Atelier FIRCOP sur la mise en pl ace d'un projet de cooperati on 
reg ionale sur les differences de productivite par rapport au potentiel dans Jes petites exp loitati ons cannieres 
de la zone d' Afrique Austra le et de l'ocean lndien 

Siegmund B., M aurice, octobre 2004 . Point avec les partenaires mauri ciens sur le projet teledetection 
SUCRETTE 

Siegmund B. , France, octobre 2004. Contacts CIRAD-CA M ontpellier et vi site J.Y. DUPRE suite au semi
naire de septembre 2004 a La Reunion 

Siegmund B., M aurice, decembre 2004. Cloture du projet SUCRETTE avec le MSIRI 

Todoroff P. , Cuba, mai 2004. Parti c ipati on au congres GEOM ATI CA 2004 et finali sa ti on d' un projet 
de recherche co llaborative en teledetecti on 

Vercambre B., fevrier 2004 . Mise en place du stage en entomolog ie de F. CARAY (stag iaire ENSAIA) 

Verca mbre B., La Reunion, septembre 2004. Programme de recherche et deve loppement ver blanc 

Vercambre B. , La Reunion, septembre 2004. Seminaire Avenir Recherche de la fili ere canne a sucre 

Vercambre B., La Reunion, novembre 2004. Parti c ipati on a un comite d'encadrement de th ese 

Vercambre B. , La Reunion, novembre 2004. Suivi du projet Ver b lanc 2004 
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Visiting scientists and trainees 

~ Genome Analysis 
Audebert F. (c/o A. D ' Hont, J. Pauquet) . Contribution au cl onage pos itionnel d' un gene de res ista nce a 
la rouille chez le cultivar de ca nne a sucre R570. Univers ite M ontpelli er II , stage DEA, 6 mois. 

Le Cun ff L. (c/o A. D ' Hont). Contribution au clonage positionne l d'un gene de res istance a la rouille chez 
le cultivar de ca nne a sucre R570. Universite Paris VII , these, 12 mo is. 

Kub ler L. (c/o LM. Rabo in). Contribution au tra i:;:age de genes majeurs de resistance a la rouille (Puccinia 
melanocephala) chez la ca nne a sucre (Saccharum spp .), Universite de La Reunion, stage de ma,tri se 
Valorisation chimique et bio logique du vegeta l, 2 mo is. 

Miranda K. (c/o A. D ' Hont). Ana lyse de la d iversite genetique du champignon responsab le de la maladie 
du charbon. Universite de Ca mpinas, Sao Pao lo, Bresi l, 1 mois. 

Palama T. (c/o LM. Raboin ). Contribution au tra i:;:age de genes majeurs de res ista nce a la rouille (Puccinia 
melanocepha/a) chez la ca nne a sucre (Saccharum spp.J. Un iversite Mon tpe llier II , stage de li cence, 3 mois. 

~ Crop Protection 
Abu Ahmad Youssef (c/o P. Rott). Diversite genetique et va ri ab ilite du pouvo ir pathogene du Sugarcane 
ye llow leaf virus, agent ca usa l du syndrome de la feuille jaune de la ca nne a sucre. Eco le nati onale supe
rieure agronomique de Montpellier, th ese, 12 mois. 

Beramis S. (c/o J. Daugro is) . Ca racteri sat ion des geniteurs utili ses dans le programme de se lect ion de vari e
tes de canne a sucre quant a la res ista nce a deux malad ies systemiques ca usees par le SCYLV et Leifsonia 
xyli subsp. xyli. Univers ite Anti ll es-Guya ne, stage de ma,trise, 2 mois. 

Ca ray F. (c/o J. Daugro is). Rotati on banani er - ca nne a sucre - banan ier : biodivers ite et evo lu tion biolo
gique du milieu cultive. INPL Nancy, stage DEA, 6 moi s. 

Champo isea u P. (c/o J-H. D augro is, M . Royer et P. Ro tt). La diversite genet ique et la b iodiversite 
de Xanthomonas albilineans en Guadeloupe face a la d iversite mondiale de l'agent causa l de l'echaudure 
des feuill es de la ca nne a sucre. Universite des Antil les et de la Guyane, these, 12 mo is. 

Edon K. (c/o J. Daugro is). M aladie des feu ill es jaunes de la canne a sucre : analyse de la di sseminati on 
du virus et ca racteri sa ti on de cultivars resistants au vecteur. Universite des Anti ll es et de la Guyane, these, 
1 mois. 

Gossard C. (c/o R. Goebel ). Analyses d'une base de donnees d'infestation du foreur Eldana saccharina 
dans toutes les regions de l' industri e sucri ere sud-afr ica ine. EN ITA, stage de Jc annee, 6 mois. 

O li v iera A. (c/o L. Costet). Etude de la d iversite biochimique et genetique des Xanthomonas pathogenes 
de la canne a sucre a La Reunion. Lycee professionne l agri co le, stage BTS, 3 mo is. 

Renier A. (c/o P. Rott, M . Royer). Diversite geneti que de Xanthomonas albilineans et variabi li te des enzymes 
de biosynthese de l'a lbi cidine, pathotox ine produite par l'agent ca usa l de l'echaudure des feui ll es de la 
ca nne a sucre. Universite de M ontpellier 2, stage DEA, 6 moi s. 

Randriamanantsoa R. (do B. Vercambre). Systematique et cle de determination des vers blancs. FOFIFNSCRiD, 
M adagasca r, 2 mo is. 

Sevetiaye N ico las (c/o R. Goebel). Ana lyses d'une base de donnees d'infestation du foreur Eldana saccha
rina dans toutes les regions de l' industri e sucri ere sud-afri ca ine. Lycee Agr ico le de Saint-Pau l, stage BTSA, 
2 mois. 

Vicaire T. (c/o M. Giner, JC. G irard). Adaptation du logic iel SISTER aux besoins de la quarantaine de ca nne 
a sucre. IUP informatique M ontpellier 2, stage de ma,tri se, 6mo is. 

Vivi en E. (c/o P. Rott, M . Royer). Vo ies de biosyn these, compos ition chimique et stru cture de l'a lbi c idine, 
un po lyceti de produit par Xanthomonas albilineans. Universite de M ontpellier 2, these, 12 mo is. 

~ Varietal Improvement 
Chov ino M. (c/o D. Roques). Cryoconserva ti on d'apex de ca nne a sucre. Universite des Ant ill es et de 
la Guyane, stage de ma,tri se, 2 mo is. 

Douared M . (c/o P. Oriol ). Application de que lques outil s de se lect ion vari eta le a la ca nne a sucre. 
Universite des Ant ill es et de la Guyane, stage de ma,tri se, 2 mo is. 

Gelaba le M arius (c/o P. Orio l). Amelioration de la ca nne a sucre. LEGTA de Baie-Mahault, stage BTSA, 
1 mo is. 
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~ Agronomy and Crop Modelling 
Aabad M . (c/o J.F. M artin e) . Ca lage du modele M os icas dans les condi tions cultu ra les et climati ques 
du M aroc (G harb), universite de Gembloux, Be lgique, 1 mois. 

Berg A. (c/o Lejars C.) . Sucre ex trait de la ca nne : identifi ca ti on des fac teurs c limatiqu es expli ca tifs 
de l'eca rt technique, lnstitut Nati onal Agronomique Pari s-Grignon, stage de 2e annee en cesure, 6 moi s. 

El sayed Thabit (c/o M . Brouwers). Identifi ca ti on projet de th ese. Kenana Suga r Company, Soudan, 1 mois. 

Lacl au P. (c/o M artin e J.F.) . Ca lage du modele de bi Ian hydrique et de l'enrac inement du modele de b i Ian 
hydrique Ceres (inclus dans M os icas) dans les conditions culturales et climatiques du Bres il (Sao Pao lo). 
M aster d'Agronomie. Eco le : ESALQ de Pirac icaba . Unive rsite de Sao Pao lo, these, 2 ans (encadrement 
au Bres il sous forme de miss ions) . 

Laurent S. (c/o C. Lejars, S. Cauneille). Analyse stati stique des courbes de ri chesse en sucre de la canne 
pour la gesti on de l'approv isionnement d'une usine sur l'1l e de la Reuni on. USTL M ontpellier II , stage 
DEA, 4 mois. 

M aillot L. (c/o J.L. Chopart). Estimati on de la reserve en eau utile dans des so ls ca illouteux pour le pil o
tage de !' irri ga ti on. Approches combinees phys ique et bio log ique. Stage BTS. 

Papa iconomou H. (c/o Lejars C.). Evaluati on de differents systemes de paiement dans le ca dre d'une reor
gani sa ti on des approv isionnements d' une sucreri e: appli ca ti on d'une demarche de simul ati on au bass in 
de Seze la, Afrique du Sud. INAPG, stage DAA, 6 mo is. 

Severin Y. (c/o J.L. Chopart, R. Pirot). Analyse des prati ques d' irri ga ti on dans les perimetres sud, ISTOM, 
stage de fin d'etudes, 5 mois. 

Singh A.M . (c/o J.F. M artine) . Training in crop growth modelling applied to suga rcane. Indi an Institute 
of Sugarca ne Research, lnde, 1 mo is. 

Suguitani C. (c/o J.F. M artin e). : Ca lage du modele M os icas dans Jes conditions culturales et climatiqu es 
du Bres il (Sao Paolo) . Eco le: ESALQ de Pirac icaba. (Universite de Sao Pao lo), these, 3 ans (encadrement 
au Bres il sous fo rme de mi ss ions). 

Vi cto ire N. (c/o J.L. Chopart). (Agent de developpement en irri ga tion ). Suivi d'une experimentati on sur 
le conse il en irri ga ti on. 

~ Support to the Sugarcane Sector and Producers 
Andri anaivo A.P. (c/o P. M arn otte) . Striga et semi s direct sous couverture vegetale. FO FIFA, M adagasca r, 
2 mo is. 

Bappel E. (c/o B. Siegmund, A. Begue) . Apport de la geomatique au pil otage de la so le ca nniere reunion
naise. Universite de La Reunion, th ese, 12 mois. 

lpou lpou Joseph (c/o P. M arn otte). Euphorbia heterophylla. Universite d'Ab idjan, Cote d' Ivo ire, th ese, 
2 mois. 
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Acronyms 

AAU, agri cultural area in use 

AFLP, amplified fragment length po lymorphi sm 

AG RI GUA, Assoc iati on guade loupeenne de 
recueil d' in formati ons geographi ques d' utilite 
agri co le, Guadeloupe 

Agro .M, Eco le nati onale superi eure agronomique 
de M ontpelli er, France 

BAC bacter ial artifi c ial chromosome 

cDNA, compl ementary DNA 

CERF, Centre d'etude, de recherche et 
de fo rmat ion, Reunion 

cM , centimorga n 

CRB, Centre de ressources b io log iques 

CTCS, Centre technique des cultures sucri eres, 
France 

CTI CS, Centre technique interprofessionne l de la 
ca nne et du sucre, France (Guade loupe, Reuni on) 

CTSR, Comite technique de suivi des reco ltes 

CUMA, Cooperat ive d'uti li sat ion de materi el 
agri co le en commun 

OAF, Directi on de l'agri culture et de la foret, 
France 

DEA, Dip1 6me d'etudes approfo ndies (p rerequi
site d ip loma for PhDL France 

DOM, departement d'outre-mer (French overseas 
departments) 

EN ITA de Clermont-Ferrand, Eco le nationale 
d'ingenieurs des trava ux agri co les, France 

ERIC enterobacteri al repetitive intergenic 
consensus 

ESALQ, Escola Superior de Agricu ltu ra "Lu iz de 
Q ueiroz", Brazi l 

EST, expressed sequence tag 

ETA, entrepr ise de trava ux agri co les 

FDGDON, Federat ion departementa le des 
groupements de defense contre les organi smes 
nuisibles aux cultures 

GIS, geographic in fo rmati on system 

GPS, globa l pos it ioning system 

IC-PCR, immunocapture - po lymerase chain 
reacti on 

ICSB, Internati onal Consortium fo r Sugarcane 
Biotechno logy 

INRA, lnst itut national de la recherche agrono
mique, France 
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JR U BGPI, Bio logy and Genetics of Pl ant
Pathogen Interacti ons joi nt resea rch uni t, Agro.M, 
INRA, CIRAD, M ontpellier, France 

JRU PIA, Po lymorphi sms of Interest in Agr iculture 
jo int resea rch unit, Agro.M , INRA, Universite 
M ontpellier II , CIRAD, M ontpellier, France 

JRU PVBMT, Plant Communiti es and Bio log ica l 
Invaders in Tropi ca l Environments jo in t research 
unit, Univers ite de La Reuni on, CIRAD, Reun ion 

MSIRI, M auritius Sugar Industry Research 
Institute, M auritius 

NOVI, normali zed difference vegetation index 

NRPS, nonribosomal pept ide synthases 

PCA, princ ipal component analys is 

PCR, po lymerase chain reacti on 

PKS, po lyketide synthases 

PCSI, Projet commun des systemes irrigues, 
Reunion 

Q TL, quantitative tra it locus 

RFLP, restr ict ion fragment length po lymorphism 

REP-PCR, repetitive extragenic pa lindromic -
po lymerase chain reaction 

RT-PCR, reverse transcr iption - po lymerase chain 
reacti on 

SASRI, South Afr ica n Sugar Research Institute, 
South Afr ica 

SICA, Soc iete d'interet co llectif agri co le 

SICADEG, Soc iete d'interet co llectif agri co le et 
de developpement economique de la 
Guadeloupe 

SPV Service de la protection des vegetaux, 
France 

SUCEST, Sugarcane Expressed Sequence Tag 
Project (da tabase on part ial sugarca ne gene 
sequences) 

SUCRETTE, Projet de suivi de la ca nne a sucre 
par teledetection (Reunion, M auritius, 
Guadeloupe) 

SSR, single sequence repea t 

TBIA, ti ssue bl ot immunoassay 

UAG, Universite Anti ll es-Guya ne, Po inte-a-P itre, 
Guade loupe 

W ISBEN, West Indies Sugarca ne Breeding and 
Evaluation Network, Barbados 

W ICSCBS, West Ind ies Central Sugar Cane 
Breeding Station, Barbados 

W IST, West Indies Sugar Techno log ists 

YSRI , Yunnan Sugar Resea rch Institute, China 
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