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

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

CIRAD contributes to development through research and trials, training, dissemi-
nation of information, innovation and appraisals. Its expertise spans the life
sciences, human sciences and engineering sciences and their application to agri-
culture and food, natural resource management and society.

CIRAD has three research departments: Biological Systems (BIOS), Performance of
Tropical Production and Processing Systems (PERSYST), and Environments and
Societies (ES). This includes 59 units: 32 internal research units (UPR), 4 service
units (US), 20 joint research units (UMR), and 3 international research units (URP).

It employs 1 825 people, including 1047 senior staff members of whom 856 are
scientists, and has an annual operating budget of 203 million euros.

CIRAD - Sugarcane Annual Report 2005-2006



Foreword

CIRAD is now able to effectively focus on specific scientific issues through its new
three-department organization, incorporating 62 research units. In 2005-2006, cross-
sectional research was carried out on sugarcane topics by nine research units. The
same year, the Directorate of the CIRAD Annual Crops department asked me to serve
as the Centre’s Sugarcane Project Coordinator. As most of the research units are
highly specialized, the overall aim was to urge collaborations between teams on
sugarcane issues in multidisciplinary and often consolidated research projects. It is
essential to maintain a subsector-based portal at CIRAD for all of our public and
private, technical and financial partners. | hope that this 2005-2006 Sugarcane Annual
Report clearly illustrates this dynamic multidisciplinary approach to sugarcane
research at CIRAD.

It is crucial to promote and confirm the relevance of CIRAD sugarcane research
through a broad range of publications. The performance of our research units was
assessed in this respect by French and European scientific experts and users from
developing countries. Such assessments ensure effective advancement of scientific
research—sometimes questioning the relevance of certain research topics or high-
lighting new ones, such as sugarcane and the environment, the use of biomass to
synthesize bioproducts for energy and pharmaceutical use, and biomaterials.
We must be thoroughly prepared to meet these new challenges.

Some of CIRAD's sugarcane research teams are located in French overseas depart-
ments. New international cooperations have been set up. Scientists are often posted
in institutions in foreign countries, but expertise assignments and participation in
international projects (e.g. projects of the International Consortium for Sugarcane
Biotechnology) are keys to ensuring CIRAD's presence in the industrial sector and in
major scientific conferences.

We have also changed the layout of this 2005-2006 Sugarcane Annual Report. Sugar-
cane research activities at CIRAD are outlined in full detail. Some research activities
that have generated important or original results are also presented. With this new
design, different projects carried out each year are presented, thus illustrating the
dynamics of research under way on sugarcane at CIRAD.

| hope this report will meet all readers’ expectations, while providing decision makers, Frangois-Régis Goebel,
professional stakeholders, trainers and other interested people with access to our Sugarcane Project Coordinator,
scientific and technical results. CIRAD
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Sugarcane research activities at CIRAD in 2005-2006

Sugarcane research activities
at CIRAD in 2005-2006

In 2005-2006, many sugarcane projects were conducted by nine research units
at CIRAD (Table 1). Most of these were multidisciplinary initiatives involving

Table 1.

several research teams.

Sugarcane-oriented research activities at CIRAD in 2005-2006.( 2 = some of these results are also covered in the Key

Projects and Results section)

- " ; S sz Research : :
Research project title Topic and discipline i Project leader Location
unit involved
2 Sugar mill supply organization Agronomy UPR 5 Caroline Lejars Réunion
p. 1k
A Sugarcane supply simulation model Informatics UPR 13 Sandrine Auzoux Montpellier
p. 20 (MAGI)
Modeling cane supply to sugar mills Agronomy UPR 43 Pierre-Yves Le Gal Montpellier
in South Africa South Africa
Cane quality Agronomy UPR 5 Caroline Lejars Réunion
Modeling sugar content in Réunion Biostatistics UPR 13 Sabine Laurent Montpellier
(PhD thesis)
Typology of a sugarcane-growing area | Informatics UPR 13 Jean Parriaud Montpellier
(ZECAS)
A Technical and economic guidelines for | Economy UPR 5 Jérome Masson Réunion
p.24 Sugarcane farms
l Remote-sensing support for sugar- Agronomy UPRS, Agnes Bégue, Réunion
. Canearea management Remote sensing UMR TETIS Valentine Lebourgeois Montpellier
i i (PhD thesis)

* Names of CIRAD Research Units (UPR) and Joint Research Units (UMR):

UPR 5, Sugarcane Farming Systems - UR 75, Genetic Improvement of Vegetatively Propagated Crops - UPR 13, Decision Support and Biostatis-
tics - UPR 43, Innovation and Dynamics of Farming Systems - UPR 78, Environmental Risks and Recycling - UMR BGPI, Biology and Genetics of
Plant-Pathogen Interactions for Integrated Protection, CIRAD, Agro.M, INRA, Montpellier, France - UMR PVBMT, Plant Communities and Biolo-
gical Invaders in Tropical Environments, CIRAD, Université de La Réunion, Réunion - UMR PIA, Polymorphisms of Interest in Agriculture, CIRAD,
Agro.M, INRA, Montpellier, France - UMR TETIS, Spatial Information and Analysis for Territories and Ecosystems, CIRAD, CEMAGREF, ENGREF,
Montpellier, France.




L' Sugarcane research activities at CIRAD in 2005-2006

Table 1 (cont'd).

Sugarcane-oriented research activities at CIRAD in 2005-2006.( 7 = some of these results are also covered in the Key

Projects and Results section)

Research project title Topic and discipline R_e_search Project leader Location
unit involved
Regional cooperation: geographical Agronomy UPR 5 Pierre Todoroff Guadeloupe
information systems and remote Remote sensing
sensing in OECS countries Geographical
- information systems
Sugarcane growth and harvest Agronomy UPR 5 Jean-Francois Martiné | Réunion
forecasting model (MOSICAS) Agrophysiology
Modeling sugarcane growth and Agronomy UPR 5 Pierre Todoroff Guadeloupe
development of decision-support Agrophysiology
tools
A Environmental impact of sugarcane Agronomy UPR 5 Christophe Poser Réunion
p.36  Cropping
Biomass development Agronomy UPR S Denis Pouzet Guadeloupe
By-product
development
2 Use of filter mud in sugarcane fields | Agronomy UPR 78 Denis Montange Sudan
Soil biology Thabit Elsayed Montpellier
8 By-product (PhD thesis)
e development -
7 Assessment of world bagasse Agronomy UPR 5 Pierre Langellier Montpellier
production. Energy potentia By-product
p- 39 development
Agronomic features of sugarcane in Agronomy UPR 5 Christophe Poser Réunion
highlands (Réunion) 7
Soil cover, cultivars, weed infestation | Agronomy UPR 5 Denis Pouzet Guadeloupe
and plant spacing 7 -
Weed management: herbicide Weed management UPR5 Pascal Marnotte Montpellier
certification Réunion
Guadeloupe
Martinique
Agro-pedology and fertilization Agronomy UPR 5 Marinus Brouwers Montpellier
A Training on Racin’situ, a field root Agronomy UPR5 Jean-Louis Chopart Senegal
study method Réunion
p. 40 Montpellier
Technical assistance to the Agronomy UPR 5 Daniel Marion Senegal
Senegalese sugar company Water management
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Sugarcane research activities at CIRAD in 2005-2006

Table 1 (cont'd).
Sugarcane-oriented research activities at CIRAD in 2005-2006.( 2 = some of these results are also covered in the Key

Projects and Results section)

Research

Research project title Topic and discipline g Project leader Location
unit involved
Quality control of the meteorological | Agronomy UPR 5 Roland Pirot Réunion
network managed by CIRAD Water management
A RAINETTE agro-meteorological Agronomy UPR 5 Pierre Todoroff Guadeloupe
p. 41 project Bioclimatology
A Meteorological database portal in Informatics UPR 13 Jean-Baptiste Laurent | Montpellier
p.41 Guadeloupe (RAINETTE project)
A Water management, decision support | Agronomy UPR 5 Pierre Langellier Montpellier
p. 42
A Analysis of irrigation variability Agronomy UPR 5 Roland Pirot Réunion
43 Water management
p. 43
Effects of water supply rationing during | Agronomy UPR 5 Jean-Louis Chopart Réunion
the first third of the cropping cycle Water management
OSIRI-RUN: an irrigation consulting Agronomy UPR 5 Jean-Louis Chopart Réunion
tool Water management
Simulating irrigation water consump- | Agronomy UPR5 Jean-Louis Chopart Réunion
tion with M-CIDER Water management
Mechanized harvesting in Réunion Agronomy UPR 5 Dany Deurveilher Réunion
Mechanization
of sugarcane areas
Mechanization of the sugarcane- Agronomy UPR 5 Jean-Cyril Dagallier Guadeloupe
cropping area in Guadeloupe Mechanization
of sugarcane areas
Costs, organization and management | Agronomy UPR 5 Jean-Cyril Dagallier Guadeloupe
of sugarcane transportation Mecanisation of the
sugarcane cropping area
Preliminary cultivation management | Agronomy UPR 5 Jean-Cyril Dagallier Guadeloupe
(alternative techniques) Mecanisation of the
sugarcane cropping
area
A Training modules on agricultural Agronomy UPR5 Jean-Cyril Dagallier Réunion
machinery use and enhanced land Mechanisation of the Guadeloupe
P-4 management improvement sugarcane cropping area Martinique
Genetic resource management Varietal improvement UPR 75 Daniele Roques Guadeloupe
Sugarcane breeding and hybridization | Varietal improvement UPR 75 Daniele Rogues Guadeloupe
UPR 75 Daniele Roques Guadeloupe
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A Sugarcane research activities at CIRAD in 2005-2006

Table 1 (cont'd).

Sugarcane-oriented research activities at CIRAD in 2005-2006.( 7 = some of these results are also covered in the Key

Projects and Results section)

Research project title Topic and discipline .etc.earch Project leader Location
unit involved
Parental stock assessment: progeny | Varietal improvement UPR 75 Daniele Roques Guadeloupe
tests
2 Regional participatory selection: Varietal improvement UPR 75 Philippe Oriol Guadeloupe
breeding and dissemination of
P-46  improved varieties
Calibration of sugarcane cultivars for | Agronomy UPR 5 Denis Pouzet Guadeloupe
the MOSICAS growth model
Diversification and enrichment of the | Varietal improvement UPR 75 Philippe Oriol, Guadeloupe
range of sugarcane varieties: variety Daniele Roques, Montpellier
exchanges with foreign partners Robert Domaingue
Production of disease-free plants Varietal improvement UPR 75 Daniele Roques Guadeloupe
Stock-plant nursery management Varietal improvement UPR 75 Jean-Claude Efile Guadeloupe
2 Sugarcane quarantine: data manage- | Crop protection UMR BGPI Jean-Claude Girard Montpellier
. ment, disease elimination, detection Phytopathology
P'fl) and diagnosis
p. 9
Sugarcane quarantine information Informatics UPR 13 Michel Giner Montpellier
system
Genetic analysis of useful traits Varietal improvement UPR 75 Jean-Yves Hoarau Guadeloupe
Genome analysis
A Analysis of physiological factors asso- | Varietal improvement UPR 75 Daniele Roques, Guadeloupe
ciated with water stress tolerance Robert Domaingue Montpellier
pat52
Assessment of CERF sugarcane Crop protection UMR PVBMT Laurent Costet Réunion
varieties for resistance to gumming Phytopathology
disease and leaf scald in Réunion
Pest and disease monitoring and Crop protection UMR PVBMT Laurent Costet Réunion
control in the CERF quarantine unit Phytopathology
in Réunion ‘ |
Sugarcane disease monitoring in Pest and disease UPR 75 Jean-Heinrich Daugrois | Guadeloupe
Guadeloupe and the West Indies management

Phytopathology

CIRAD - Sugarcane Annual Report 2005-2006



Sugarcane research activities at CIRAD in 2005-2006

Table 1 (cont'd).

Sugarcane-oriented research activities at CIRAD in 2005-2006.( 1 = some of these results are also covered in the Key

Projects and Results section)

Research

unit involved Location

Research project title Topic and discipline Project leader

Analysis of pest resistance factors: Pest and disease UPR 75 Jean-Heinrich Daugrois | Guadeloupe
sugarcane pathology and varietal im- | management
provement support in Guadeloupe Phytopathology
7 Role of silicon in sugarcane resis- Crop protection UPR & Régis Goebel Montpellier
tance to the African stalk borer Entomology South Africa
pP-55  Fldana saccharina
Survey on damage caused by the Crop protection UPR 5 Régis Goebel Montpellier
African stalk borer £ldana saccharina | Entomology South Africa
in South Africa
Biological control of the sugarcane Crop protection UPR 5 Bernard Vercambre Réunion
white grub Hoplochelus marginalis Entomology
Biological control of the sugarcane Crop protection UPR 5 Régis Goebel Montpellier
spotted stemborer Chilo saccharipha- | Entomology Réunion
gus using 7richogramma parasitoids
7 Use of sugarcane germplasm Crop protection UMR PVBMT Samuel Nibouche Réunion
to enhance resistance to the Entomology
sg Sugarcane spotted stemborer Chilo Varietal improvement
P28 sacchariphagus
Genetics and molecular analysis of Crop protection UMR BGPI Philippe Rott Montpellier
the pathogenicity of phytopathogenic | Phytopathology
bacteria
Genetic diversity and variation in Crop protection UMR PVBMT Laurent Costet Réunion
the pathogenicity of Xanthomonas Phytopathology
pathogens ‘
2 Sugarcane leaf scald: genetic diver- Crop protection UPR 75, Patrice Champoiseau Montpellier
sity and variation in the pathogenicity | Phytopathology UMR BGPI (PhD thesis) Guadeloupe
uy of Xanthomonas albilineans Jean-Heinrich Daugrois
P-6
Airborne transmission of Crop protection UPR 75, Jean-Heinrich Daugrois | Guadeloupe
Xanthomonas albilineans Phytopathology UMR BGPI Réunion
Sugarcane leaf scald: albicidin Crop protection UMR BGPI Eric Vivien Montpellier
biosynthesis pathways Phytopathology _
2 Sugarcane yellow leaf: characteri- Crop protection UMR BGPI Philippe Rott Montpellier

p. 63

zation of genetic diversity and varia-
tion in the pathogenicity of Sugarcane
yellow leaf virus

Phytopathology

Youssef Abu Ahmad

(PhD thesis)
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(88 Sugarcane research activities at CIRAD in 2005-2006

Table 1 (cont'd).

Sugarcane-oriented research activities at CIRAD in 2005-2006.( 7 = some of these results are also covered in the Key

Projects and Results section)

. . . R Research : -
Research project title Topic and discipline oy Project leader Location
unit involved
Epidemiology of Sugarcane yellow Crop protection UPR 75 Jean-Heinrich Daugrois | Guadeloupe
leaf virus and sugarcane resistance Phytopathology Carine Edon
mechanisms (PhD thesis)
Genetic diversity of the smut-inducing | Genome analysis UMR PIA, Angélique d'Hont Montpellier
fungus Ustilago scitaminea UMR PVBMT Réunion
7| Genetic determination of resistance Genome analysis UMR PVBMT, Louis-Marie Raboin Montpellier
p.65 tosmut UMR PIA (PhD thesis) Réunion
Genetic analysis of disease resist- Genome analysis UMR PVBMT, Louis-Marie Raboin Réunion
ance: diversity in sources of brown UMR PIA Montpellier
rust resistance
il Positional cloning of the Bru 7 brown Genome analysis UMR PIA, Angélique d'Hont Montpellier
rust resistance gene UMR PVBMT Loic Le Cunff Réunion
p. 86 (PhD thesis)
Characterisation of linkage disequi- Genome analysis UMR PVBMT, | Louis-Marie Raboin Réunion
librium in sugarcane UMR PIA Montpellier
A Publication of agricultural handbooks | Agronomy UPR 5 Réunion
UPR 75 Guadeloupe

p. 23 UPR 78
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Key Projects and Results

Sugarcane grower payment
systems: simulation

Studies carried out between 2002 and 2004 by CIRAD, in collaboration with the
South African Sugar Research Institute (SASRI) and the French Institut national de la
recherche agronomique (INRA), revealed that during a milling season 1-5% more
sugar could be produced by implementing a sugarcane supply organization method
that better accounts for cane quality variability within sugarcane-growing areas
(Le Gal et al., 2003; Lejars et al., 2003; Lejars et al., 2005)!. However, the impact
of reorganizing supplies according to quality varies according to growers’ income.
When setting up new supply organization methods, it is thus essential to redistri-
bute the added value fairly throughout the sector and to develop tailored payment
systems.

Current sugarcane payment systems were evaluated first, and then a simulation
tool was designed to test the joint effect of payment systems and supply methods.
Finally, case studies were carried out in Réunion and South Africa to test the effects
of changing payment systems.

- Assessment of payment systems
in 18 sugar-producing countries

Payment systems were studied in 18 sugar-producing countries (Lejars, 2005)2
according to three functions:

— serving as a quality incentive vector

— promoting supply flow regularity

— providing a way to share added value from the sector between millers and
growers, and between growers.

The results showed how each system component could influence the strategies of
stakeholders in the sector (growers, millers, hauliers) and how the system reconciles
(or not) the interests of all stakeholders. They also revealed that income has an
impact on actual sugarcane supply regularity at mills and on the quality of the
delivered supply.

and case study

C. Lejars
UPR 5 Sugarcane Farming Systems

Lejars C., Le Gal PY., Meyer E., Lyne P,
Auzoux S., Siegmund B., 2005. Improved
profitability by re-organising mill supply: a
decision support approach: un enfoque de
apoyo de decisions. In International Society
of Sugar Cane Technologists Proceedings of
the XXV Congress, 30 January - 4 February
2005, Guatemala. Ed. Hogarth, Guatemala,
Atagua, vol. 2, p. 20-25. ISBN 99922-2-211-5.
Le Gal PY., Lejars C., Auzoux S., 2003. MAGI:
a simulation tool to address cane supply
chain management issues. In Proceedings
of the Annual Congress of the South African
Sugar Technologists’ Association (SASTA),
Mount Edgecombe, South Africa, 19-22
August 2003. Proceedings of the South
African Sugar Technologists’ Association 77:
555-565. ISSN 1028-3781.

Lejars C., Letourmy P, Laurent S., 2003.
Building and assessing mill supply scenarios
based on cane quality variations: example
of Reunion Island. In Proceedings of the
Annual Congress of the South African Sugar
Technologists’ Association (SASTA), Mount
Edgecombe, South Africa, 19-22 August
2003. Proceedings of the South African
Sugar Technologists’ Association 77: 580-590.
ISSN 1028-3781.
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ﬂ Key Projects and Results

-> Tool designed to assess the effects
of payment systems on growers’ income

A simulation tool (Figure 1) was developed in Excel® to assess the effects of modi-
fying grower payment systems and growers’ quotas. This model has several func-
tions:

— calculating growers’ income (individuals or groups) for different payment systems
—analysing how added value generated by the sector is reallocated to growers. The
results obtained can be analysed according to the farm type

— testing the impact of quota modifications on growers” income for a given payment
system

— assessing the impact of payment systems on value sharing between growers and
commercial stakeholders.

From a practical standpoint, this model generates responses to realistic questions:
— How does modifying a quality parameter used in a payment system affect growers’
income?

— What is the impact of switching from an absolute to a relative payment system?
—What is the impact of modifying growers” weekly cane delivery quantities on their
income for a given payment system?

- Payment system modification: a case study
in Réunion

Tests were conducted at the Sezela sugar mill in South Africa and in Réunion (Le-
jars, 2006; Papaiconomou, 2004)3. Here we discuss the case study in Réunion.

We analysed the effects of changing a payment system on growers’ income, under
three different supply methods, for the 3 278 sugarcane growers listed in the data-
base of the Centre interprofessionnel de la canne et du sucre (CTICS). The effects of
switching from an absolute payment system (growers are paid according to the real
weekly sugar content) to a relative payment system were simulated (Figure 2). The
analysis showed that this change in payment system did not modify the sharing of
Pl Lejars C., 2005, Evaluation des systemes de | gygar profits between commercial stakeholders and growers. For growers, the rela-
paiement de la canne a sucre dans quelques ti t t | - ¢ lv dat df :
pays producteurs. Impact du mode de | (V€ Payment system was less restrictive in terms of supply dates and frequencies,
paiement sur la qualité des cannes et sur | i.e. cane can be delivered less regularly, at any period during the milling season,
l'organisation des approvisionnements | without modifying their income. This payment strategy thus facilitates mechanized
dans quelques industries sélectionnées. . o : f . :
. i i harvesting organization and the formation of growers’ groups. Finally, the relative
Département des Cultures annuelles du ) ) o
CIRAD, UPR 5 Systemes canniers, CIRAD, | payment system enables fairer sharing of the added value between growers within

Montpellier, France, 53 p. the framework of quota reallocation that takes supply batch quality into account.
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Definition of entities
(grower or growers' group)

Weekly tonnages
delivered per entity
Simulation

Payment system (formula)

Comparison of the impact of different payment systems
Comparison of the impact of different quota allocation rules
Analysis of value sharing between growers

Figure 1. Tool for simulating impacts of payment and organization methods on growers'
income.

Quality
A

Measure of grower i

/cane quality

Measure of grower j
cane quality

Weekly quality for the mill

Season average

mill quality Lejars C., 2006. Qualité des approvisionne-
ments et systemes de rémunération des
agriculteurs. Cas de lafiliere canne a sucre a

La Réunion. Département des Cultures an-
} { > Weeks nuelles du CIRAD, Unité de recherche 5
(Systéemes canniers), CIRAD, Montpellier,
France, 57 p.
Figure 2. Definition of absolute and relative sugar content. Papaiconomou H., 2004. Evaluation de dif-
férents systemes de paiement dans le cadre
d’'une réorganisation des approvision-
nements d'une sucrerie : application d’une
démarche de simulation au bassin de
Sezela, Afrique du Sud. DAA thesis, INA-PG,
France, 50 p. + appendices.

Weekly relative sugar content for grower i = Quality i + mean deviation

CIRAD - Sugarcane Annual Report 2005-2006




Key Projects and Results

MAGI—to enhance sugar mill

supplies

S. Auzoux

UPR 13 Decision Support and
Biostatistics

C. Lejars

UPR 5 Sugarcane Farming Systems
P.-Y. Le Gal

URP 43 Innovation and Dynamics
of Farming Systems

CIRAD - Sugarcane Annual Report 2005-2006

The MAGI software package is used to simulate cane supply organization scenarios
on a sugar mill area scale. This tool provides support for decision making and nego-
tiations between growers and commercial stakeholders. It has been disseminated in
South Africa, Mauritius and Réunion. MAGI was developed by CIRAD, in partner-
ship with the French Institut national de la recherche agronomique (INRA) and the
South African Sugarcane Research Institute (SASRI). It was programmed in Visual
Basic.Net with an Access® database structure and can be accessed online free of
charge at: http://agri-logistique.cirad.fr.

-> Cane supply improvement strategies

Improving sugar mill supply management is a key to increasing the efficiency and
cost-effectiveness of sugarcane sectors. In this industry, as in most others, a steady
supply of raw materials is required for processing. Cane flows should be organized
such that the processing capacity of the mill is saturated, thus avoiding potential
losses (flow interruptions, expense sources, overstocks, etc.). Moreover, for agri-
cultural raw materials that cannot be stored, the mill operating time is directly
linked with the harvesting periods. It is thus essential to plan and manage supplies
by taking both industrial and agricultural constraints (raw material maturity, harvest-
ing area and hauling equipment performance, etc.) into account.

Many problems may arise when attempting to reconcile agricultural supply and
industrial demand due to uncertainties and structural constraints weighing on the
supply function. The practical problem is to first determine flow planning and man-
agement methods geared towards saturating the industrial capacity and, secondly,
the structuring of supply areas so as to be able to efficiently respond to production
or demand variability and, from a logistic perspective, to ensure rapid delivery to
sugar mills.

The approach involves looking for organization methods that could increase sugar
production and finding trade-off solutions based on a shared representation of the
functioning of the sugar mill area, while integrating each stakeholder’s constraints
and objectives. The target objectives are:

— to reduce harvest organization, haulage and mill cane reception costs, which
represent up to 70% of total production costs
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— adjusting harvesting durations and dates so as to achieve maximum cane sucrose
contents, thus optimising the quantity of sugar produced in sugar mill areas

— reconciling the constraints and objectives of all stakeholders.

A sugar mill supply planning and management model was thus designed to simu-
late different supply reorganization scenarios. This model provides discussion sup-
port for stakeholders in the sector. This led to the development of MAGI, as specific
application tool for modelling and simulation of supplies in sugar mill areas.

-> Supply modelling and simulation

MAGI can illustrate the mill supply process on a weekly basis throughout a milling
season. It combines three modules (Figure 1):

Input values
Farm parameters: Sugar mill area structure:
® area farm names and locations,
e sugarcane yield intermediate operator names,
e total cane tonnage cane deliveries
Calculated values
- i e Calculation of harvest
Intermediate operator season durations
parameters: Seasonal ® Determination of season
e transloading capacity > plannlng opening and closing dates
® Delivery allocations
Sugar mill parameters:
e breakdown rate Slmulatlon of
L4 hourly Crushing Capacity Seasona| operatlonal L Delivery distribution
e actual milling duration patterns
; * Weekly per-farm sugar
content curves
Sugar production ® Weekly processing
calculation efficiency
Quantity of sugar produced per week and season

Figure 1. The three supply modelling components in MAGI.

CIRAD - Sugarcane Annual Repor
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— a planning module to draw up weekly cane delivery schedules from sugarcane
farms to intermediate operators and then the mill

— a simulation module to calculate season durations and implement the plans

—a processing module to assess the weekly quantity of sugar produced on the basis
of the results of the two previous modules.

The simulation is a four-step process. First, the structure of the mill supply area is
determined, i.e. the area is divided into production units, and cane flow pathways
from these units to the mill are also defined. Secondly, the season durations and
opening and closing dates are calculated on the basis of the mill crushing capacity
and the total predicted cane tonnage delivered. The third step simulates seasonal
operational scenarios for each production unit according to a predefined supply
schedule. Finally, the quantity of sugar produced is calculated from weekly sugar
content curves, weekly losses and the mean mill crushing capacity. The different
scenarios are compared according to the sugar gains achieved.

- Practical applications

MAGI can be used for several types of simulation. Variations in the model input
values can be tested to compare their effects on produced sugar quantities. For
instance, the mill crushing capacity or mill supply area structure (number of inter-
mediate operators, number of transloading platforms) Similarly, it is possible to
assess sugar gains induced by changing cropping plans for sugarcane varieties, i.e.
planting several early or late varieties that will achieve maximum sugar contents at
different periods.

A more dynamic aspect involves modifying planning rules so as to make effective
use of sugar content differences within mill supply areas: determining how to adjust
the season to be centred on peak sugar content periods, adjusting delivery allo-
cations according to local sugar content variability patterns, etc. It is also possible
to assess whether resized equipment would be necessary for each new delivery
allocation.

-> Prospects for MAGI

Discussions are under way on implementing MAGI in other countries such as Brazil
or Australia. It could also be interesting to tailor it to other crops, such as cotton or
oil crops, that have a supply system similar to that of sugarcane. A thesis study is
currently under way on developing a statistical cane sugar content prediction model.
This model could be integrated in MAGI to enhance delivery allocation for growers
and to better adjust delivery schedules according to peak sugar content periods.
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Publication of agricultural handbooks

Sugarcane cropping manual

Centre technique interprofessionnel de la canne

et du sucre de la Guadeloupe

2005, 94 p.

To get a copy of this manual (currently only available
in French), contact:

Centre technique interprofessionnel de la canne et du
sucre (CTICS), Morne I'Epingle - Providence, BP 225,
97139 Les Abymes cedex, Guadeloupe, France

The Manuel technique de la canne a sucre [sugar-
cane cropping manual) reviews knowledge on sugar-
cane cropping in Guadeloupe. This manual is an edu-
cational tool designed to boost public awareness on
this topic. CTICS coordinated a team of specialists
from CIRAD and other partner organizations to draw
up this reference manual, which integrates new

Handbook on organic fertilization in Réunion

Pierre-Frangois Chabalier, Virginie Van de Kerchove,
Hervé Saint Macary

CIRAD, Chambre d’agriculture de La Réunion
2006, 302 p.

research findings and professional experience.
Global economic aspects of sugarcane are briefly
covered, and the focus is specifically on outlets in the
West Indies. Sugarcane morphology, physiology and
plant cycles are explained and fully illustrated. The
chapters on cropping techniques (planting, fertili-
sation, crop protection, irrigation] are practical and
refer to the soil and climate conditions in Guade-
loupe. The part on harvests, payment and cane sugar
content provides a detailed account of all steps:
harvesting, transport, mill measurements and
reception, as well as payment conditions. This ma-
nual covers applications in Guadeloupe but should
also interest professional operators of other sugar
cane-producing regions and novices from different
backgrounds.

matter that can be utilised, and also help
users on rational organic matter fertiliza-
tion procedures. It includes a first nine
chapter general section on cropping, the
soil, analyses, organic matter use, risks,

MANUEL TECHNIQUE
DE LA CANNE A SUCRE

Guide

de la fertilisation -
organique

a La Réunion

Contact: Pierre-Frangois Chabalier, pierre.chabalier@cirad.fr
This handbook is available in electronic format (currently only
available in French):
www.mvad-reunion.org/rubrique.php3?id_rubrique=53

To get a hardcopy version of this handbook, contact:

Mission valorisation agricole des déchets (MVAD)

Chambre d’agriculture

24 rue de la Source

BP 134, 97463 Saint-Denis Cedex, Réunion, France

The Guide de la fertilisation organique a La Réunion (handbook on
organic fertilization in Réunion] reviews knowledge on organic
matter produced in Réunion and on practical aspects of regulations
and the use of this material for agricultural applications. This hand-
book should assist producers of organic matter and waste (farmers,
municipalities, agrifood industries) with respect to supplying organic

regulations and application procedures.
The second section presents technical
data on fertilization calculations, crops,
field sampling and 26 different types of
organic matter.

This handbook provides answers to many
questions concerning the use and
recycling of waste and organic matter in agriculture on the basis of
technical references and regulations in temperate areas such as
metropolitan France or, on a larger scale, Europe, and on knowledge
acquired in the tropical environment of Réunion. This handbook could
thus interest users in metropolitan France and other tropical areas.
It targets all stakeholders in the agricultural community: chambers
of agriculture, cooperatives, technicians and farmers, communities,
teachers, scientists, engineering offices, etc.

CIRAD - Sugarcane Annual Report 2005-2006
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Technical and economic data
repository for sugarcane
farms in Reunion

J. Masson | In 2005, at the request of the Direction de I’agriculture et de la forét (DAF), CIRAD
VCAT, UPR 5 Sugarcane | developed a technical and economic data repository for sugarcane farms in Réu-
Farming Systems

C. Lejars
UF{R 5 | in Sugar, this repository served as a reference database and tool for determining

nion. Within the framework of reforms of the Common Organisation of the Market

J.-L. Fusillier | compensatory public aid in 2006.

UPR 90 Water Management,
Stakeholders and Uses | The main aims were to:

— create a tool for archival storage and monitoring of production cost patterns and
margins in the sugarcane sector
— identify the most representative cropping systems in Réunion and pinpoint their
features (crop management sequences, operational methods, locations) and assess
the economic results (costs, sales figures, income, productivity)
— develop a simulation tool to measure the sensitivity of farm results to economic
fluctuations, such as increases in input prices, decreases in sugarcane tonnage
prices and variations in subsidies allocated to growers.
This study was conducted in collaboration with the Chamber of Agriculture in
Réunion and partners in the sugarcane sector—Comité de pilotage de la canne,
Sucriére de La Réunion, Bois Rouge, CIRAD, DAF, CNASEA, CTICS, CERF and Con-
seil général.

First, a synopsis of data from current regularly updated farm databases was drawn
up. Then a type classification of sugarcane farms representative of cropping systems
in Réunion was done. The method involved comparing physical environmental vari-
ability criteria and farm structure criteria on the island. Schematically, only a few
major differentiation criteria were used to determine typical cropping systems (Table
1). Then, for each cropping system, an average crop management sequence was de-
termined. A major data collection and expert assessment helped to quantify the
technical and economic features of each crop management sequence (Table 2).

CIRAD - Sugarcane Annual Report 2005-2006
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- Eighteen sugarcane cropping systems
Eighteen cropping systems, accounting for 84% of the sugarcane-growing area,
were classified (Table 3). Eleven systems were found to be most representative of the
real situation in terms of cropping area. Seven systems were not very representative,
but they were selected because they could be developed in the near future (Table 3:
shaded areas). Each system was characterized by a crop management sequence and
a set of criteria that were dependent on the environment and the equipment (exam-
ples in Table 4). All of these characteristics were considered to calculate the annual
agricultural income of reference farms, along with their expenses and gross income
structure.
Criteria Detailed description of criteria
Climate: 5 zones Humid rainfed zone
Dry western rainfed zone Criteria for characterizing and
Dry northern rainfed zone quantifyirjg 5993?”(33”‘3 Cliopping
S irrigated zone systems in Réunion: environmental
pray irrigate - L R
Drip irrigation zone varlaplllty criteria and farm variability
criteria.
Elevation: 2 zones ‘Lowland’ zone, encompassing the following layers:
0-200 m in humid rainfed zone; 0-600 m in dry rainfed
zone; 0-400 min irrigated zone
‘Highland' zones: > 200 m in eastern zone
(humid rainfed); > 600 m in western zone
(dry rainfed); > 400 m in western irrigated zone
Mechanisation capability: This combines 3 criteria (slope, stoniness,
5 zones plot geometry) to give 5 capability zones:
Zone A1 (slope < 10% and nil stoniness):
no development required, whole-stalk harvesting
possible
Zone Al-a (10-20% slope and nil stoniness):
whole-stalk harvesting possible
Zone A2: minor to medium development
Zone A3: major development required, with
manual harvesting
Zone A4: mechanization impossible, manual
harvesting
Internal equipment Unequipped: < 650 t of cane (utility vehicle only);
and farm size <12 ha
Equipped: > 650 t (at least one tractor); 12-20 ha

CIRAD - Sugarcane Annual Report 2005-2006



Technical and economic criteria
considered in the type classification
of sugarcane farms in Réunion.

CIRAD - Sugarcane Annual Report 2005-2006

Key Projects and Results

Criteria

Explanations

Cane yield

Evaluated according to expert advice for each
cropping system

Cane sugar content

4 values, according to CTICS 1996-2004 data

Family labour

Total labour (family and external] is defined
in a work time matrix for each system

Cropping cycle

12-18 months according to the zone and
crop age.

5, 7 or 10 year replanting cycle, depending on
the cropping system

Land improvement and tillage

Large and small stone removal; pest and
disease control treatment; tillage labour time;
road maintenance costs

Irrigation installation and maintenance

Spray; drip; water needs; water prices

Planting and replanting

Replanting support; inputs; labour time

Input supplies and maintenance

Fertilizers; herbicide applications, prices
and formulation; labour time

Structural and operational expenses

Financial depreciation and costs; social
contributions; insurances; average farm rent

Harvesting, loading, hauling

Mechanized systems: internal loading
and hauling. Farm equipment costs
Unequipped systems: service providers

Mechanization

Hypothesis: Hypothesis: farms mechanically
equipped when the Comité technique a la
mécanisation provides a 25% subsidy wit a
ceiling of €7 700 (farms producing over 650-700 t)
Machinery: tractor, loader, trailer, sprayer
Number of hours, consumption and
maintenance calculated
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Equipped cropping systems Table 3.

Climate Elevation Zone with a Harvesting Total area The 18 ref .
mechanization capacity in Réunion (ha) . N FEIRTEISE CIRppIIE Syetanis
(classified in Table 1) (in shaded areas, 7 systems that could
; be developed in the near future).

Humid Al -Al-a mechanical 1655
rainfed Lowland zone A3 manual 2130
A4 manual 570
Highland zone Al -Al-a mechanical 218
Irrigated s Al -Al-a mechanical 610
s e A3 manual 760
Dry rainfed Highland zone Al -Al-a manual 190
Total equipped systems 7077

(28.3% of the total area under cane)

Unequipped cropping systems

Climate Elevation Zone with a mechanization Total area
capacity (classified in Réunion (ha)
in Table 1)
Humid rainfed Lowland zone A3 2 250
Al-Al-a 1165
Highland zone A3 1186
Ab 670
Dry rainfed Al -A1l-a 1630
Lowland zone
A3 2270
Highland zone Al -Al-a 1160
Irrigated Lowlisne Al -Al-a, A2 1645
owland zone 3 Tk
Highland zone Al-a 180
Total unequipped systems 14 056

(56.0% of the total area under cane)
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i YA | Differentiation criteria Most representative Most representative
equipped system unequipped system

Example of two of the most represen- | Giimate and elevation Humid rainfed; Dry rainfed;
tative cropping systems (equipped and lowland zone lowland zone
unequipped]. | Arcz (hal 12 5
Yield (t/ha) 90 50
Total tonnage at harvest [t 1080 250
Zone with a mechanization Harsh zone A3 Harsh zone A3
capacity
Harvesting and equipment Manual harvesting Manual harvesting

90 CV tractor, boom sprayer, Utility vehicle
loader, skip, light truck

Land improvement Large stone removal, Large stone removal,

heavy disk ploughing heavy disk ploughing
Planting Manual (furrow plough) Manual (furrow plough)
Fertilization Manual application Manual application
Herbicide 1 boom spray (pre-emergence] 2 manual sprays

and one lance spray (post-emergence)

(late treatment) and late treatment

on 40% of the area

Total area in Réunion (ha) 2130 2 250

- Two new software tools

Two new software tools were developed at the end of this study. The first 2005 data
repository” tool is a database containing all production costs and labour times asso-
ciated with sugarcane cropping activities. It is used for data archival storage and up-
dating. The “2005 data repository” will be updated annually, in addition to archival
storage of production cost data. This tool will be further developed with a more user-
friendly support than Excel®.

The second simulation tool explains sugarcane cropping expenses and margins on
the basis of a budgetary calculation. It analyses the income structure of cropping
systems determined in the repository. It can be used to analyse the effects of sugar-
cane price variations, or changes in national and EU subsidies (reformulation and
integration of new subsidies) on a farm scale and, by aggregation, on an island
scale. This simulation tool was handed over to DAF in 2006 to help this directorate
to set up new subsidies implemented under the 2006-2014 Cane Convention.
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Remote sensing to enhance
sugarcane yield forecasting
and crop field monitoring

Remote sensing research under way on sugarcane is aimed at developing automat-
ic satellite image interpretation tools and sugarcane-cropping area management
tools. The information needs of the sugarcane sector in Réunion were taken into
account to design relevant crop field monitoring tools.

Since 2002, in compliance with the Common Agricultural Policy, information on
sugarcane cropping areas in Réunion is collected yearly through surveys of growers.
The results of these surveys are centralised by the Direction de I’agriculture et de la
forét (DAF, agriculture and forest authorities). The parcel plan is then digitized on a
farm block scale from Institut géographique national (IGN) orthophotographs,
which are updated on a 5-year basis. This parcel plan, which includes a broad range
of information (growers, delivery centres, irrigation methods, etc.), represents an
important database for management of the sugarcane sector.

These surveys do not, however, provide information on changes in the status of in-
dividual plots during the crop growth cycle, even at harvest. During the harvesting
period, sugarcane yield and sugar content are measured at cane delivery, but
these measurements are attached to the grower’s name, not to the harvested plot.
However, with satellite imaging, changes in the sugarcane-cropping area can be
monitored plot by plot throughout the cropping season until harvest through analyses
of sugarcane area spectral responses, vegetation index calculations, computer-
assisted photointerpretation, etc. Our research in this field is based on SPOT 4 and
SPOT 5 satellite image processing and correlations with field data.

- Partnerships

This research has been conducted since 2002 by CIRAD's team at the Maison de la
Télédétection (remote sensing centre) in Montpellier and CIRAD’s sugarcane
research centre in Réunion. The results were the focus of a PhD thesis funded by the
Réunion Région (E. Bappel, 2005") within the framework of the SUCRETTE project
(remote sensing sugarcane monitoring project funded by the Terre et Espace net-
work), in partnership with the SPOT Image group, which manages the technical and
commercial promotion of the developed products, and the Mauritius Sugar Indus-
try Research Institute (MSIRI), which was involved in determining the needs and
testing the products. In Réunion, sugar industry stakeholders—mills, Chamber of

A. Bégué

UMR TETIS

P. Degenne

UMR TETIS

V. Lebourgeois

PhD student,

Université de La Réunion,

UPR 5 Sugarcane Farming Systems
E. Bappel

PhD student,

Université de La Réunion, UPR 5

Bappel E., 2005. Apport de la télédétection
aérospatiale pour I'aide a la gestion de la sole
canniére réunionnaise. PhD thesis on Signal
and image processing. Université de La
Réunion, Saint-Denis; CIRAD UPR 5
Sugarcane Farming Systems, Saint-Denis,
Réunion. CIRAD, .’v\nn!pvl[ivr, France, 278 p.
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PhD thesis: Application of remote
sensing to enhance management
of the sugarcane-cropping area
in Réunion

The PhD thesis of E. Bappel (2005) focused on
investigating the potential of aerospatial
remote sensing to enhance management of
the sugarcane-cropping area in Réunion.
SPOT 4 and SPOT 5 images captured in 2002
and 2003 were used. CASI (Compact Airborn
Spectrographic Imager] hyperspectral ima-
ges were acquired in September 2002.
Simultaneously, biophysical parameters des-
cribing the state of the sugarcane cover (leaf
area, nitrogen levels, crop biomass]) and
agronomic parameters (monitoring of har-
vests and replanting] were monitored by a
field measurement procedure.

The leaf area index (LAI) and sugarcane yield
were estimated on the basis of NDVI indices.
With SPOT data, the best estimate of sugar-
cane yield on a plot scale was achieved by
combining the MOSICAS sugarcane growth
model and leaf area patterns determined on
the basis of SPOT 4 and 5 images. The CASI
hyperspectral data provided a better estimate
of the leaf area and green biomass levels as
compared to SPOT 4 and 5 data. The CASI
data also enabled an estimate of leaf nitrogen
levels, i.e. a sugar content indicator during
the ripening stage.

The possibility of differentiating sugarcane
plots according to their surface conditions
(full vegetation, harvested or tilled) enabled
the development of dynamic operational
mapping operations for the sugarcane crop-
ping area in almost real time (monitoring of
harvests and replanting).

Normalized difference vegetation index: vegeta-
tion index based on the chlorophyll activity cal-
culated on the basis of red and near-infrared
spectra on satellite images. NDVI = (PIR — R) /

(PIR + R)
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Agriculture, Centre technique interprofessionnel de la canne et du sucre (CTICS),
DAF, steering committee, SICA Sud Canne, etc.—were consulted and provided
assistance.

Finally, CNES Information satellitaire pour I’environnement de La Réunion (BD-
ISLE-Réunion) provided access to their SPOT image bank, which has been
developed for research purposes.

- Preliminary results: digitization

of agricultural parcel plans

Some products developed in the SUCRETTE project could only be implemented if
the parcel plan is partitioned on a crop plot scale (plot defined by a single crop man-
agement sequence). This is the case for inter- and intra-plot variability maps, but also
for remote sensing yield forecasting maps. For harvest monitoring, this partitioning
has two advantages:

— increasing the reliability of image processing results obtained on a sugarcane plot
scale, not a farm block scale (the block includes, in addition to sugarcane fields,
windrows, trails and sometimes infrastructures that can alter the signal measured by
remote sensing);

— improving the cartographic representation by creating a parcel layer with a status
as attribute (harvest, nonharvest, during harvest) while setting the harvesting
progress rate thresholds attributed to each plot at the end of processing.

A parcel plan partitioned on an elementary plot scale (plot whose edges are visible
at the digitization image resolution) was thus digitized by CIRAD on the basis of
DAF 2004 parcel blocks and IGN 2003 orthophotos (resolution 0.5 m). The above-
mentioned products could be developed since the elementary plots are under
specific crop management sequences. The parcel plan was updated in 2006 by
photointerpretation on the basis of DAF 2005 surveys and a SPOT 5 image
(resolution 2.5 m) acquired prior to the 2006 harvest.

- Harvest forecasting

Several harvest forecasting methods use remote sensing data. The method we used
is based on the indirect relationship between the normalized difference vegetation
index (NDVI2) of a plant cover and the green biomass of this cover. This relationship
was determined from a set of data obtained experimentally on a plot scale in
Réunion and Guadeloupe, and from SPOT images in 2002, 2003 and 2004. Cane
yield could be estimated by using a maximum NDVI with a root mean square error
(RMSE) of 13.65 t/ha. As this vegetation index is maximal just prior to the beginning
of harvest, the yield can thus be estimated by remote sensing on the basis of a
satellite image acquired in the month preceding sugarcane harvest onset.
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This relationship was applied to each individual plot on an island-wide scale in
Réunion during the 2004 and 2005 crop seasons (Table 1). The results were
obtained by processing two SPOT images acquired on 13 May 2004 and 06 June
2005, on which plots with bare soils or vegetative growth that was too low for
harvesting were masked. The remote sensing based yield forecasts overestimated the
harvest (Table 1). This overestimation could be explained by four factors:

— the relationship between NDVI and yield was calibrated on rainfed high-yielding
plots and may be incorrect under irrigated conditions

—the 2003 plot plan was used, whereas the DAF survey showed that the sugarcane
area had decreased by 400 ha in 2005 (- 1.5%, etc.)

—for the 2005 season, when the error was higher, the climatic conditions were poor
during harvesting (irregular and delayed rainfall, low sunlight)

— the geometric and atmospheric conditions during SPOT image acquisition. The
NDVI, even though it is not very sensitive to atmospheric conditions, can vary
according to the geometric conditions of image acquisition.

For harvest forecasts, the relationship between NDVI and yield will be improved by
separating irrigated areas and identifying plantations and ratoons. Moreover, CTICS
collects samples on check plots for harvest forecasting purposes—the satellite
image data obtained before harvesting will be compared with the CTICS yield
predictions for the same plots.

- Harvest monitoring

Cane cutting progress results during the harvest period were obtained by processing
a SPOT 5 image acquired on 6 June 2005 to identify bare soils (unplanted) before
the harvest season, and processing a SPOT 4 image acquired on 5 August 2005
to monitor harvesting (Figure 1). These treatments mainly involved unsupervised
classifications and grouping classes by photointerpretation and expertise.

Following digitization of the sugarcane parcel plan on an elementary plot scale, it
is now possible to introduce new plot attributes corresponding to cutting progress
for each elementary plot. The decision to subsequently classify a partially harvested
plot as ‘harvested” or ‘unharvested’ depends on the threshold harvest rate values,
which were set at 25% and 50% in this preliminary study. A more indepth study is
now required on the effect of the threshold value on the cutting progress statistics.

Year Remote sensing Actual yields Error (%): (estimated Table 1.
forecast (canne, million t) tonnage - actual tonnage) /

(canne, million t) actual tonnage Comparison of remote sensing cane
production forecasts and actual yields
2004 sk Lokl 58 obtained in 2004 and 2005.
2005 1.999 1.801 11.0
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After image acquisition, it takes about a week to obtain harvest monitoring results.
Assuming that a plot in which harvesting has begun will be entirely harvested with-
in a week, it is possible to predict the supplementary quantity that will be delivered
in the week following image acquisition. These forecasts closely match the actual
seasonal yields at the time when the results are delivered.

N

-
T 1

A\

o

Unharvested

Harvested (progress rate > 50%)

Not processed (not planted or under clouds!

B
=
[ Harvesing under way (25% < progress rawe < 0%l

Figure 1. A map showing the mapping results concerning harvesting progress on sugar-
cane plots in northwestern Réunion on 5 August 2005.
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-> Mapping inter-plot heterogeneity

The aim of mapping inter-plot heterogeneity is to assess variability in sugarcane plot
surface states by calculating indicators to simplify spectral and spatial information
contained in a satellite image: vegetative growth indicator (mean chlorophyll activ-
ity level) and crop heterogeneity indicator.

These maps are produced during the months preceding the harvest period when all
ratoons are comparable in terms of vegetative growth. Mapping of vegetative
growth, based on the mean NDVI per plot provides access to the spatial distribution
of the potential of plots in a cropping area. Similarly, calculating the NDVI variation
coefficient (ratio between the standard deviation (SD) and the mean NDVI per plot)
on a per-plot scale provides information on the plot heterogeneity level. This type of
map helps stakeholders locate plots in which there are sugarcane growth problems.

In Réunion, these maps can help in selecting plots sampled by CTICS for harvest
forecasting (Figure 2). They can also be useful for subsequently validating plot
choices by ranking them within per-plot NDVI distributions in a sugarcane-growing
area.

Vegetative development Heterogeneity

LIF o -

Figure 2. A map showing vegetative development and plot heterogeneity on a SPOT 5 image
acquired on 6 June 2005.
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- Prospects: from satellite imaging
to drone imaging

Satellite imaging provides a unique way to obtain information on an entire sugar-
cane growing area in almost real time. However, on a plot scale, satellite imaging
can be limited by the spatial resolution. Moreover, the spectral range of current
probes does not enable an indepth analysis of the status of a crop. To overcome
these problems the AgriDrone project of CIRAD (UPR 5 Sugarcane Farming Systems
and UMR TETIS) and CEMAGREF plan to use onboard probes on drones and ULMs
to assess the water and nutrient status of sugarcane crops. A PhD thesis, funded by
the Réunion Région, is associated with this project, which is funded by the French
Ministry of Agriculture and Fisheries.
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Training: remote sensing assisted
production management

From September 2002 to December 2004, CIRAD and the Spot Image group pooled | V. Lebourgeois

their expertise to lay the technical and economic foundations for developing a tool | PhD student,

to enhance management of the sugarcane sector (SUCRETTE project: remote | Université de La Réunion,

sensing sugarcane monitoring). Funded by the Terre et Espace network for research | UPR 5 Sugarcane Farming Systems
and technological innovation of the French Research Ministry, this project has been
conducted at three pilot sites in Guadeloupe, Réunion and Mauritius. The Spot
Image group, a project partner, manages the technical and commercial promotion
of the developed products.

The SUCRETTE project has thus given rise to a service proposal, i.e. Aide a la
gestion de production (production management assistance) of the Spot Image group
(www.spotimage.fr/html/_55_138_791_.php), in which CIRAD is responsible for
knowledge and technology transfer. Within this framework, a training session has
been organized on the remote sensing sugarcane production management
approach and associated software tools used. This training targets stakeholders in
two fields:

— public remote sensing operators (service companies or institutional entities using
GIS and image processing) who develop cartographic products derived from satel-
lite images

- public dissemination agencies (e.g. institutional bodies, manufacturers, operating
managers) responsible for customizing and disseminating information (statistics,
maps, reports).

This training is focused on four thematic products: parcel plan creation and updat-
ing, harvesting and tillage monitoring, and inter- and intra-plot variability. Trainees
are also instructed on using the associated software: field plot data entry and
updating tools, cartographic and statistical product dissemination tools.

The Spot Image group and CIRAD, through their international networks and
participation in technical seminars, are promoting this remote sensing approach to
sugarcane production.
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Sugarcane in Réunion—a key
to sustainable development

A. Courteau

trainee, Université

de Franche-Comté, Besancon,
UPR 5 Sugarcane Farming Systems
C. Poser

UPR 5

Courteau A., 2005. La canne a sucre et |'envi-
ronnement a La Réunion : revue bibliographi-
que. Université de Franche-Comté, Besancgon,
CIRAD, La Réunion. CIRAD, Saint-Denis, La
Réunion, France, 53 p. [Online] [16 June 2006]
URL: www.cirad.fr/reunion/recherche/canne
a_sucre Section En savoir plus.
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Following the seminar L‘avenir de la recherche sur la canne a sucre : Quelles
recherches prioritaires a I'horizon 2007-2013 ¢ (The future of sugarcane research:
What are the research priorities for the 2007-2013 period?) held in Saint-Denis,
Réunion, 20-24 September 2004, the industry would like CIRAD to study the envi-
ronmental implications of sugarcane cropping in Réunion. This bibliographic
review (Courteau, 2005)! highlights the environmental advantages of growing
sugarcane under Réunion conditions. All of the arguments were also presented to
European Commissioners during their visit to Réunion, just prior to discussions on
the Sugar Agreement of the Common Market Organization for Sugar.

The sugarcane industry in Réunion has a direct impact on the lives of local inhabi-
tants. This is the only export market oriented industry, accounting for two-thirds of
total exports of Réunion. 15 000 people are employed in this industry, with sugar-
cane bringing in 30% of farmers’ income. Intermediate products and services are
also involved (fertilizers, transportation, harvesting and land development work,
etc.). Moreover, through its multifunctionality, it has a role in territorial develop-
ment, and contributes to the landscape quality and attractiveness for tourism. In
addition to these social and economic functions, sugarcane cropping has many
environmental advantages (Table 1), three of which are strategic:

— this crop is efficient in controlling erosion on this steep sloped island with a
cyclonic climate

— it promotes energy self-sufficiency. The use of bagasse for energy currently
accounts for a quarter of the electricity produced on the island

— it facilitates livestock waste recycling. As waste management is becoming increas-
ingly problematic, especially on islands, applying this waste as a fertilizer in sugar-
cane fields is a prime way to recycle this material.

This study is a first step which involves compiling current scientific references on
this topic. It should give rise to relevant topics for future research, e.g. studies on the
carbon cycle, analysis of the sugarcane crop cycle, studies on developing sugarcane
byproducts and promoting awareness on the non-market functions, especially envi-
ronmental of sugarcane cropping. These themes require special attention and com-
plementary research strategies.




Environmental advantages

Key Projects and Results

Brief explanation

Sugarcane crops are efficient
for erosion control

Deep dense rooting

Resistance of above-ground organs to harsh conditions
such as hurricanes

Permanent soil cover by the very dense vegetative organs
and green harvesting with the crop residue left in the field
Bare soils very uncommon and dispersed in the
landscape

Agricultural practices
enhance soil properties

Preservation of organic matter by roots and crop residue
Mineral inputs via their decomposition

Maintenance of high biodiversity in the soil

Fertilizer inputs increasingly calculated to meet needs
Pest and disease control using very few chemical products
(breeding and biological control are promoted)

Growers and the industry
are striving to use less water

To achieve a cane yield of 60-120 t/ha, the crop consumes
270-330 L of water per kg of sugarcane dry matter;
maize requires twice this amount

Sugarcane promotes groundwater conservation by facilitating
water infiltration via its dense bushy root system.
Industrial stakeholders have decreased their water
consumption by twofold over the last 10 years (Sucriére
de La Réunion: ratio 1.15 m3 of water per tonne of milled
cane in 2004)

These stakeholders are also striving to reduce the water
consumption ratio per produced energy unit

Greenhouse gas:
a positive carbon balance

Sugarcane crops represent a carbon sink due to green
harvests

A comparison of bagasse and coal power units is by far
in favour of bagasse CO, emissions since bagasse
combustion does not add to that already contained in the
biosphere because photosynthesis in growing plants
offsets these emissions

Sugarcane byproducts
are being developed

An original subsector that could serve as an example
Bagasse: renewable energy source

Filter mud: organic agricultural amendment
Stillage: field application testing under way (studies
on new products)

The sugarcane industry
complements other
agricultural sectors

Recycling of livestock production effluents
Food supply for livestock

Carbon support for compost

Mulch source
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Environmental advantages
of sugarcane in Réunion

Table 1.
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Sudan: effects of applying
sugarcane-mill filter mud on

plantation soils

D. Montange

UPR 78 Environmental Risks

of Recycling

M. Brouwers

UPR 5 Sugarcane Farming Systems
Thabit Elsayed

Microbiologist at the Kenana Sugar
Company, Sudan, and PhD candidate
at Gezira University, Wad Medani,
Sudan, and co-supervised by UPR 78

The effects of sugarcane-mill filter mud on soil microbiological activities and on
sugarcane yield are currently being studied as part of Thabit Elsayed’s PhD thesis
research carried out jointly at the Kenana Sugar Company (KSC, Sudan) and in
CIRAD’s laboratories in Montpellier, France. The results should give rise to efficient
methods for utilising filter mud, with the dual aim of reducing chemical fertilizer use
and eliminating smoke generated by spontaneous combustion of filter mud in waste
dumps.

Tests were first conducted to certify that filter mud is not detrimental to small-
seeded plants or sugarcane germination. Then a curve was plotted concerning the
response of cane crops to filter mud applications in the presence of nitrogen ferti-
liser, with the aim of avoiding the problem of nitrogen starvation due to the input of
carbon compounds in the soil.

Controlled incubations were carried out in CIRAD’s laboratories in Montpellier
using soil-sugarcane-mill filter mud mixtures. The impact of filter mud was
measured on specific activities of certain enzymes from soilborne organisms.

The promising initial results prompted further studies which were conducted at the
KSC site in Sudan and in the Montpellier laboratories in 2006.

The impact of high-volume filter mud applications on the quality of vertisols in the
KSC experimental fields and on sugarcane crops (yield, sugar quality) will now be
studied. Large-scale application techniques should also be tested.
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Evaluation of global bagasse
production—energy potential

The European ULCOS (Ultra Low CO, Steelmaking) project aims to come up with | P. Langellier

effective technical solutions that would decrease greenhouse gas emissions by at | UPR 5 Sugarcane Farming Systems
least 50% in the steelmaking process. This project is funded within the framework | M. Kessari

of the 6" Framework Programme for Research and Technical Development | i 5inee Centre national d'études
(6th FPRTD) of the European Union. A consortium of 48 partners (steelmakers, 3 rono'mi i Hias rieiane Ahemdes
including Arcelor, steelmaking suppliers, electricity and energy producers, includ- Mg t u.q UPR 5 4 '
ing EDF and Air Liquide, public and private research institutes, European univer- bl el
sities, etc.) was formed to carry out this project.

The use of renewable biomass, especially agricultural or agroindustrial residue as a
substitute for coke is one of the solutions being studied. The sugarcane industry is
interested since research has been under way in recent years to come up with
sugarcane byproducts other than sugar to develop. In several countries, some
byproducts are already enhancing the cost-effectiveness of sugarcane, e.g. ethanol
in Brazil, pulp in Indian and China, electricity in many other regions. Moreover, the
use of sugarcane biomass as an energy source is being discussed to an increasing
extent within the framework of the Common Market Organization for Sugar.

The CIRAD study focused on assessing global available bagasse supplies to be used
as fuel (in charcoal form) in blast furnaces. However, 80% of all bagasse is used as
an energy supply in sugar mills and many sugar-producing countries already use all
of their bagasse for cogeneration, ethanol synthesis, pulp, etc. Global bagasse
production over and above these uses was thus inventoried.

Despite the high global production, only 6 million t of bagasse could be processed
into 1.3 million t of charcoal. This low supply is located in highly dispersed
sugarcane-growing areas, so transportation costs are high. However, countries that
are already utilizing all of the sugarcane biomass produced nationally could repre-
sent a very large stock (70 million t of total biomass in Brazil), but these resources
are being utilized in competitive sectors (ethanol ad electricity production). Part of
this stock could likely be recovered but this would have to be the focus of financial
and political negotiations. Finally, for least advanced countries, processing bagasse
into charcoal briquettes is of sufficient interest to warrant international aid from
an environmental conservation (reducing CO, emissions and deforestation) and
economic (onsite charcoal briquette production) perspective. In conclusion,
considering the low volume of bagasse that could actually be recovered and trans-
portation problems associated with the fact that production sites are scattered,
bagasse is not a feasible fuel source for the European steelmaking industry.
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Racin’situ training—
field studies on root systems

J.-L. Chopart | CIRAD Racin’situ training sessions were held at the Centre d’étude régional pour

UPR 5 Sugarcane Farming Systems | I'amélioration de I’adaptation a la sécheresse (CERAAS) in Senegal in 2004 and

C. Jourdan | 2005.Two senior scientists, i.e. J.-L. Chopart and C. Jourdan, trained around 30 par-

UPR 80 Functioning and Management | ticipants from about 10 countries—students, scientists and technicians specialized

of Tree-based Planted Ecosystems | in agronomy or ecophysiology—on studying root systems of annual and perennial
crop plants in tropical environments.

Trainees are instructed on two original methods for analysing root systems in the
field. On the basis of real cases, trainees learn data acquisition, input and analysis
techniques using two software programs developed by CIRAD (Racine® and
Rhizodigit®). They are instructed on using these programs for agronomic analyses
(water management, fertilization, root dynamics and turnover, etc.).

Each session lasts 5 days. Two-thirds of the training time is devoted to supervised
work in the field (setting up the root monitoring system and data acquisition) and
on the computer (data analysis). The remaining time is devoted to theory (root
functions, main methods for analysing root systems in situ) and information
exchanges between participants.

In addition to the two software programs Racine® and Rhizodigit®, other tools used
in the training include conventional tools (root sampling and measurement), the grid
method (mapping root impacts, calculating root lengths, distances between roots
and actual soil volumes available for the crop) and rhizotrons (monitoring root
dynamics and turnover in a glass walled chamber).

Racin’situ training sessions will be held regularly in tropical regions. The next
session is to be held in Réunion in 2006.
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RAINETTE project—
an agrometeorological network
In Guadeloupe

The RAINETTE project was launched in Guadeloupe in late 2004. It involves a | P. Todoroff

network of 32 automatic agrometeorological stations that supply a database which | UPR 5 Sugarcane Farming Systems
is accessible to professional agricultural stakeholders at http://rainette.cirad.fr/ | J.-B. Laurent

index.php. This project is coordinated by CIRAD, in collaboration with many part- | UPR 13 Decision Support

ners, including INRA, the Chamber of Agriculture of Guadeloupe, Sucrerie de | and Biostatistics

Gardel SA, and Sociétés d'intérét collectif agricole (SICA) in the sugarcane and
banana sectors. It is funded by the European Agricultural Guidance and Guarantee
Fund (EAGGF) and Guadeloupe Region.

This network of meteorological stations accounts for the climatic heterogeneity in
agricultural production areas of Guadeloupe. These meteorological stations can be
remotely queried and supply a database on a special server. CIRAD is responsible
for data acquisition, control and uploading on the website.

This project finally provides access to meteorological data that is complete and
reliable enough to serve as a basis for the development of crop management
support tools. For sugarcane, it is now possible to develop more realistic and rele-
vant MOSICAS (sugarcane growth simulation model) applications. It is also very
useful as a support for advising agricultural sector training structures, for two
reasons:

— it provides accurate information on climatic patterns for plant growth in different
cropping areas and within the same area

— it provides updated information in almost real time and at low cost, thus enabling
stakeholders to react immediately when weather conditions change.

The website http://rainette.cirad.fr/index.php is now highly visited and serves as a
showcase to promote new partnerships on the basis of developed technologies.
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Irrigation potential
in northeastern Reunion

P. Langellier | The future of the sugarcane industry in Réunion is currently at issue—the regular
UPR 5 Sugarcane Farming Systems | decline in the sugarcane cropping area, in addition to new provisions of the
Common Market Organization for Sugar (reduction in European sugar prices aimed
at reducing production). Intensification could safeguard this crop, which could be
facilitated by the introduction of irrigation in many areas. Through the General
Council of Réunion, the Sugarcane Steering Committee of Réunion relaunched an
irrigation initiative for the Sainte Marie-Sainte Suzanne area in the northwestern
part of the island. In this sugarcane-growing area, which is considered to be the
most productive on the island, sugarcane cropping is steadily declining to the
benefit of urban and road projects. Irrigation of this area would increase produc-
tivity, thus offsetting the loss of cropping area, while also demonstrating the benefits
of irrigation in this region where growers wrongly consider that local rainfall is suf-
ficient to cost-effectively manage crops. The General Council of Réunion accepted
to fund this project and issued a call for tenders, and the Société grenobloise
d’études et d’applications hydrauliques (SOGREAH) was selected. This company
asked CIRAD to assess the irrigation needs and crop production potential in the
target area.

In the sector studied, irrigation would enable a mean increase of 54 000 t of sugar-
cane as compared to the current production of 231 000 t with an annual irrigation
flow rate of at least 15 million m3 of water (volume calculated for a dry 5-year
period). However, many sugarcane growers claim that they are ready for any
agricultural diversification in response to changing market needs. Farmers seem
truly interested in irrigation pending market price patterns and irrigation costs,
which mainly depend on cubic-metre water prices at the terminal. The cost-
effectiveness of irrigation also depends on plot locations. In addition to the techni-
cal aspects, following a socioeconomic survey, scenarios should be drawn up for
areas that could actually be equipped for irrigation. SOGREAH is currently
conducting feasibility studies.
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Testing SMS messaging
for irrigation management
in Réunion

Only technicians currently have ready access to irrigation information that can be | M. Mézino

useful for developing guidelines for farmers and for decision making, which obvi- | UPR 5 Sugarcane Farming Systems
ously limits the number of farmers who can receive timely advice. Most farmers, | R. Pirot

however, have a cell phone, which means that information could be transmitted via | UPR 5

SMS messages. CIRAD’s meteorological service at Ligne Paradis is thus now
equipped with a GSM modem. Three systems are currently being tested prior to
setting up a large-scale system.

The first test provides access to rainfall data from the meteorological network data-
base managed by CIRAD. After registering with CIRAD’s meteorological service at
Ligne Paradis, users can request the latest rainfall data from a meteorological station
by sending the French statistical INSEE code of the station (currently used by some
agricultural technicians). Otherwise, if this code is unknown, the user can send the
coordinates of the relevant station to get the requested rainfall information. An inte-
grated meteorological database management program then searches for the closest
stations, interpolates data from the stations prior to sending the results to the user
who lodged the query.

By the second system, rainfall data are automatically sent to certain collaborating
farmers. An automatic message execution program was developed so that these
farmers will be sent data on their farm once weekly.

The third system provides information on the quantity of water applied to a field
during an irrigation round. The plot features (location, area, available soil moisture,
etc.) are stored in a database linked with a meteorological database. Farmers are
identified by their telephone numbers when they place a call, and they give the
number of the plots that are to be irrigated. A program calculates the irrigation needs
for each plot on the basis of the most recent climatic data and sends the farmer
information on the irrigation dosage to apply. To ensure efficient results, farmers
must strictly comply with the recommendations because they are taken into
consideration in the next SMS advice message. This test will soon be assessed in
the field.
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Agricultural machinery
and land improvement training

J.-C. Dagallier | CIRAD’s long experience with agricultural machinery is being promoted through

UPR 5 Sugarcane Farming Systems | training initiatives. For the sugarcane industry, training sessions organized for several

J.-L. Mazot | professional subsectors are held regularly in Réunion, Mauritius and Guadeloupe.

CIRAD | In Guadeloupe, we train SICA members and agricultural service companies that

they oversee. In Réunion, we train technicians on becoming expert advisors within

the framework of the European land improvement funding procedures. In

Martinique, a project is currently being drawn up and will be operational in late
2006.

Partners of these initiatives are mainly from the industrial sector (Centre technique
de la canne et du sucre, CTCS; Centre technique interprofessionnel de la canne et
du sucre, CTICS; Departmental Project Coordination Service) and large-scale farms
(sugar and rum farms). In Mauritius, a centre is set up to train staff from farms and
the sugar industry.

- Réunion—land improvement supervisors

Within the framework of the European land improvement funding procedures
launched on 1 January 2005, we were asked to train expert supervisors on preparing
and managing these work sites.

This procedure involves farms, agricultural service companies and experts from the
Departmental Project Coordination Service. These experts prepare requests for land
development funding support, supervise the work and give their approval at the end
of the job. We are in charge of the pilot phase of the procedure, which includes a
training session for technicians to become future expert advisors.

In practice, these experts will work on projects to set up farms or projects to expand
or redevelop the parcel plan on existing farms. The training provides technicians
with skills for effective field assessments, on development techniques, on conditions
required for mechanization, and on using tools required for preparing different
projects (maps, measurement equipment, GPS, GIS). Following the session, they are
able to:

— advise farmers wishing to present a project request

— analyse future work sites and propose initiatives to be carried out
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— explain projects to companies which could submit tenders
- supervise, evaluate and approve the work.

The training session lasts 10 days and involves 12 trainees. Twenty-four technicians
were trained in 2004 and 2005. A new session is already planned for late 2006.

- Martinique—an agricultural machinery
training project

In Martinique, CTCS asked us to develop agricultural machinery training sessions
for people working in the agricultural sector (farmers and salaried farm workers,
trainers, company senior staff, mechanics, etc.). This project integrates sustainable
development practices at all levels: the use and ‘environment-friendly” maintenance
of tractors (fuel savings, oil changes, effluent management, etc.), safety guidelines,
staff management, monitoring and integration of technological progress that could
enhance the competitiveness of the sugarcane industry.

As an illustration, the educational aims for training sessions targeting users such
as farmers, salaried employees of agricultural service companies or drivers and
mechanics of contracting companies could be to instruct them on how:

— to efficiently use agricultural machinery (understanding and complying with
pictograms, user’s instructions, specific tools, field adjus<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>