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1. Description 

1.2. Name of beneficiary of grant contract: Centre de Coopération Internationale in 

Recherche Agronomique pour le Développement (CIRAD) 

1.3. Name and title of the Contact person: Dr Didier SNOECK  

1.4. Name of partners in the Action:  

- Institut de Recherche Agricole pour le Développement (IRAD) 

- International Centre for Research in Agroforestry (ICRAF) 

- Centre Technique Horticole de Tamatave (CTHT) 

1.5. Title of the Action: Enhancing food security and well-being of rural African 

households through improved synergy between Agro-Forestry Systems and Food-

crops.  

Project designator: AFS 4 Food 

1.6. Contract number: AURG/031/2012 

1.7. Start date and end date of the reporting period: 01/04/2014 – 04/10/2015. 

1.8. Target countries:  

- Cameroon: Centre Province: Bokito, Talba 

- Kenya: Central region: Murang’a District 

- Madagascar: East Fenerive and Sainte Marie Island 

1.9. Final beneficiaries & target groups:  

- Smallholders in the target regions and in similar agro-ecological, demographic 

and market conditions. 

- Farmers and their organisations in the target cocoa, coffee, and clove 

dominated landscapes. 

- Local research and extension institutions focusing on food-crops and AFS in 

the target zones. 

- Stakeholders and policy makers at local, national and regional levels. 

 

1.10. Countries in which the activities take place (if different from 1.7): - 
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2. Assessment of implementation of Action activities 
 

2.1. Executive summary of the Action  
 

This progress report covers the third (and last) year of the project; i.e. from 4
th

 April 2014 to 

3
rd

 October 2015. It follows the three previous reports, which covered the period of 4
th

 April 

2012 to 3
rd

 April, 2014. The first report was submitted upon request of the AU management 

Unit. The second progress report was done to support the first year of the project. The third 

report covered the second year of the project. The first report was submitted without 

requesting for pre-financing payment. The third (and last) instalment payment is attached to 

this report. 

 

During this period (year 3), we could complete all activities as planned in the timetables: 

Cameroon (p. Erreur ! Signet non défini.), Kenya (p. Erreur ! Signet non défini.), and 

Madagascar (p. Erreur ! Signet non défini.). The activities include the following:  

 

1. Management and scientific coordination: Management and financial progress meetings 

were organized each year, with the last one being held early July 2015. A workshop was 

organised yearly in each of the participating countries; the last one was in Madagascar 

from 20
th

 to 25
th

 October 2014.  

 

2. Spatial & temporal dynamics:  

In Cameroon: a total of 196 cocoa farmers were involved in the project activities to 

evaluate the production systems and farm activities. During the third year of the project, 

two Master-2 theses were involved in the surveys in Talba area and for remote sensing in 

Bokito area. The results are available.  

In Kenya, the dynamics of farming systems on the long term are now better described. 

During last year, two graduate students were involved in these surveys for which remote 

sensing was used.  

In Madagascar, students worked on the agrarian dynamics of clove on two contrasted 

sites of Fenerive. They also analysed the dynamic of clove-fields to develop a geographic 

database on spatial use of cloves. This allowed to sort out technico-economic data to better 

describe the clove cultivation typology and assess the cultivation and production of clove-

based systems. 

 

3. Assessment of interactions between agroforestry systems and cash crops and 

pathways to improve synergies: activity aims to assess farmers’ knowledge use of the 

associated trees traits and functions and an assessment of the level of household food 

security. In Cameroon, the first results indicate that traditional family-based cocoa 

cultivation performed in Bokito is more favourable to diversification with fruit trees, which 

strengthens the contribution of this type of cocoa cultivation for food-security. In Kenya, 

four graduate students worked to determine the species inventory and measure all trees 

present in 65 farms. This allowed the characterisation of the main traditional cropping 

coffee agroforestry systems and tree management by smallholders and how they manage to 

improve their soil fertility. In Madagascar, plot characterization and typology of cropping 

systems was done on a sample of 74 clove based plots; more detailed description was done 

on 27 plots. More studies were started in another type of environment. 
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4. Characterization of agroforestry systems product quality, and drivers of agroforestry 

systems product quality: In Cameroon, we could demonstrate that genetic origin of 

cultivated cacao has an impact on the cocoa gustative quality; and some simple techniques 

can be applied to improve shelf-life and valorise Safou, a tree commonly associated to 

cacao in farmers’ fields. In Kenya, studies were done on the effects of shade, genotype and 

altitude on coffee quality, showing the effect of these parameters on the final product 

biochemical composition; thus suggesting means to develop to enhance farmers’ benefits 

from this crop. In Madagascar, the Malagasy clove-oil was compared to others oils 

(Indonesia, Tanzania); the impact of the phenological stages on the oil composition was 

analysed; thus enabling to determine means to improve clove products (nails and oil) 

quality. Techniques were developed to determine the optimal stage to harvest bud to 

optimize the oil extraction and improve oil extraction devices; thus enabling to improve final 

product quality and reduce inputs, particularly the firewood used to extract the oil from the 

leaves. 

 

5. Dissemination of results and student trainings: Several students were trained on the 

various activities. The visibility of the project is guaranteed through a bilingual website 

that has been created. 

 

The current status of the financial report is provided in annex 5.1 for information. A separate 

financial report will be attached to this final narrative report. 

 

 

 

2.2. Activities and results 
 

2.2.1. Scientific coordination of the project 
The project is divided into five work packages (WP), each with activities distributed into the 

three countries of the project. To organize the activities and manage the project, we have 

organized two progress meetings and create a tool for managing the budget online. 

 

The project has organized its annual meeting of the project partners each year a different 

country. The last meeting took place in Madagascar from 20
th

 to 25
th

 October 2014. A total of 

21 participants from the partner institutions and CIRAD were present. A day was set aside to 

visit the clove-based agroforestry systems. During the first two days, the partners of the three 

countries involved in the project (Cameroon, Kenya, and Madagascar) presented the progress 

of the activities in their countries. The third day, a visit to the surveyed areas and trials in the 

region has allowed everyone to visit clove plantations in Fenerive area and so get an idea of 

the situation of clove agroforestry systems studied by the Malagasy partners. The last two 

days were devoted to: 1. Discussions between the partners and working group leaders (Socio-

economics, agronomy, technology) with the aim of highlighting the opportunities to make 

transversal activities, 2. In the preparation of activities for the last year (2015) with the 

objective of enabling partners to achieve the expected deliverables at the end of the project. 

 

The program of the week and the list of participants are available on the Website at:  

http://afs4food.cirad.fr/en/resultats/reunions/atelier-madagascar.  

 

 

 

http://afs4food.cirad.fr/en/resultats/reunions/atelier-madagascar
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An innovative budget management tool was presented to the African Union management 

team during the meeting held in Addis-Ababa. It uses the power of Internet to enable each 

partner, Work package leader, Country leader, Account manager and coordinator to follow the 

budget online. Thus everybody is aware of the expenses done and the remaining funds to 

continue the activities. 

 

The purpose of this Web-based tool is to assist the management of the budget, which is very 

complex because the project activities are carried out by many management units (12) 

working in many countries (4), and divided into 5 work packages. 

 

Each of these sub-divisions must contain all budget lines. Therefore, we have decided to 

provide the partners with a friendly tool enabling them to input their own expenses, so they 

can easily manage their own budget, which is accessible via the Internet. Altogether, because 

it is managed online, the country (or Work Package) leaders can follow the progress of the 

budget corresponding to the activities for which they are responsible. This tool has a twofold 

purpose: 

- Enable a real-time monitoring of expenditure by budget lines of the project: Budget 

balance and direct expenditures. 

- Prepare the financial reports automatically in the format required by African Union (or 

by European Union). 

This tool did not exist, neither at CIRAD, nor elsewhere; thus, we had to create it.  

 

 

 

Results of Scientific coordination 

 Management meetings were done to launch the activities. 

 Final meetings were held during the last semester to inform the beneficiaries of the 

results of the project and shae new knowledge. 

 The website www.afs4food.cirad.fr/en is improved and updated frequently. All 

students’ reports and researchers’ publications were uploaded on the website and are 

available. 

 Online budget management is fully operational, allowing daily updating by users. 

 Follow-up of technical and financial activities were done on a regular basis to fulfil 

the targeted deliverables. 

 

http://www.afs4food.cirad.fr/en
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2.2.2. Cameroon 
 

Country leader: Dr Olivier SOUNIGO  

 Délégation du Cirad - BP 2572 - Yaoundé - Cameroun 

 olivier.sounigo@cirad.fr  

 

 

WP1: Management 

1.1. Identification of target farms and communities 

Target group identification 

Two sites were identified in the central region of Cameroon (Figure 1-1):  

- the area around Bokito (Mbam et Inoubou sub-division), where cacao farms are 

managed by the farmers and their family. Two villages were involved in the project: 

Bakoa and Kediapro 

- the area around Mbangassina (Mbam et Kim sub-division), where cacao farm 

management is systematically based on the use of labourers. The project was 

implemented in several villages: Talba, Eyamboni 

In 2014, a M.Sc. student spent four months in the South western region of Cameroon, which 

is the main basin of cocoa production. Based in the village of Kwa-kwa, in the Meme sub-

division, she interviewed farmers and gave a description of the situation of cacao farming in 

this area. This activity was not initially planned. 

 
Figure 1-1: Map showing surveyed plots  

 

 

1.2. Creation of multi-sector Advisory committees and External advisory panels 
 

These bodies were created in year 1. They were frequently consulted to guarantee the good 

development of the project. 

1.3. Scientific coordination of the funded operations and the network 

mailto:olivier.sounigo@cirad.fr
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Two workshops were organized with the farmers of Bokito and Mbangassina in July and 

September 2015, respectively. 

 

The workshop held in Bakoa (village close to Bokito) was focusing on the results of 

assessment of cacao plots (botanical diversity, agronomical performances, use of local 

species….). 

 

The workshop held in Talba (village close to Mbangassina) was focusing on the results of 

assessment of cacao farms (socio-economic constraints, economic performances….) and on 

the agronomical and economical performances of food crop plots.  

 

1.4. Capacity building and capitalization of knowledge 
 

Academic Master’s theses 
Durot C., 2013. De la savane à la forêt. Evaluation et comparaison des stocks de carbone des systèmes 

agroforestiers à base de cacaoyers du Centre Cameroun. Mémoire de fin d’études en vue de l’obtention du 

diplôme d’ingénieur en agriculture, ISA Lille, France.  83 p 

Essola L., 2015. Évaluation des rendements potentiels en cacao (Theobroma cacao L) dans les systèmes 

agroforestiers complexes en zone forestière à pluviométrie bimodale du centre Cameroun. Mémoire de fin 

d’études en vue de l’obtention du diplôme d’ingénieur agronome, Université de Dschang, Cameroun. 78 p 

Fonkeng E.E., 2015. Cocoa yield evaluation and some important yield factors in small holder Theobroma cacao 

agroforests in Bokito - Centre Cameroon. Mémoire de fin d’études en vue de l’obtention du diplôme 

d’ingénieur agronome, Université de Dschang, Cameroun. Pp 72 

Meko Otto, R.G., 2015. Evaluation de la qualité des sols des agroforêts traditionnelles à base de cacaoyer dans la 

zone de transition savane – forêt de Bokito, Cameroun. Mémoire de fin d’études vue de l’obtention du 

diplôme de Master of Science en Sciences du Sol, Université de Dschang, Cameroun Pp 81. (Preliminary 

thesis, to be defended by the end of 2015). 

Mvondo Sakouma K., 2013. Caractérisation des agroforêts cacao et dynamique du stockage de carbone a 

Mbangassina: cas du village Talba. Mémoire présenté en vue de l’obtention du Diplôme d’Ingénieur des 

Eaux, Forêts et Chasses /Master professionnel en foresterie. Université de Dschang, Cameroun. Pp 98 

Sob L. (2014). Effet de l’ombrage sur le microclimat, la pourriture brune, les mirides, et la productivité dans le 

système agroforestier à base de cacaoyers. Mémoire Ingénieur Agronome, Université de Dschang, 

Cameroun. 

Enama Ndongo J. (2015). Diversité des mycoparasites de Phytophtoramegakarya dans les systèmes 

agroforestiers à base de cacaoyers : cas de Bokito. Université de Yaoundé I, Cameroun. (In progress, to 

be terminated end of 2015) 

Mbohou Ndam O. (2015). Etude de la diversité des champignons mycorhiziens dans la zone de Bokito. 

Université de Yaoundé I, Cameroun. (In progress, to be terminated end of 2015) 

Todem Ngnogue H. (2015). Contribution des systèmes agroforestiers à base de cacaoyer à la structure 

économique des exploitations agricoles familiales dans la région du Centre Cameroun. Mémoire Master 

en Biologie des organismes végétaux, option biotechnologie végétale. Université Yaoundé I, Cameroun 

Klarer A. (2014). The Evolution and Expansion of Cacao Farming in South West Cameroon and its effects on 

Local Livelihoods. Mémoire Msc. Sup Agro IRC Montpellier, France 

Nso Ngang A. (2015) Contrats de travail agricole et performance des systèmes agroforestiers de  cacao dans la 

zone du Mbam et Kim (Centre-Cameroun). Mémoire Msc. Université Yaoundé II, Cameroun.  

Bakheme M. (2015). Evaluation des rendements des cultures vivrières et leur contribution dans le  revenu 

agricole des ménages à Talba dans le centre Cameroun. Mémoire Msc. Université de Dschang. 

Cameroun. 

Results of WP1  
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 Activities: 196 cocoa farmers were involved in the project’s activities.  

 Training: Two Master-2 thesis completed:  

o one French student from Lille university (France) and one Cameroonian 

student from Dschang University (Cameroon);  

o Two Master-2 thesis started in 2013: two Cameroonian students from 

University of Dschang (Cameroon). 

 

 

WP2: Characterisation of farming systems and identification of long term drivers 

at household and landscape levels 
 

2.1. Spatio-temporal dynamics of farming systems 
A study was conducted in the area of Talba, in order to describe the interaction between food 

crop and cacao cultivation, based on direct observation and semi-guided interviews. This 

work resulted in the completion of a M.Sc. degree.  

 

In this area, cocoa is the main source of income while food crops are rather dedicated to feed 

the household.  

 

One of the major constraints in this area is the availability of labourers, usually coming from 

North-western Cameroon or from Nigeria, since all the cacao farmers use paid workers for the 

management of their plots and since this area has a low population density.  

 

The farmers usually deal with intermediates (usually former labourers who settled down in the 

area), who bring back new labourers from their place of origin, and negotiate the contracts 

(oral or written).  

 

The work can be paid as a fixed salary or as a % of the revenues from cocoa sale. The second 

option usually results in a better management of the plot. 

 

Women play an important role in cacao cultivation, more frequently in the process of pod 

breaking. They currently are organized as groups and get paid in cash for this task. Some of 

their groups also start to get involved in other activities linked to cocoa (plot cleaning …). 

 

Because of the incentive financial retribution for these tasks, women tend to give priority to 

this source of income at the expense of food crop cultivation, especially during the last 

trimester of the year.  

 

On the other hand, women dedicate their time to food crops during the first half of the year, 

giving priority to crops such as groundnut, cassava, yam, maize and egoussi.  

 

The second half of the year was dedicated to cocoa and the least time consuming food crops 

such as maize and cassava. Groundnuts are nearly exclusively dedicated to feeding the 

household while maize and yam are appreciated by women since, in addition to the 

contribution to household’s feeding, they also allow them to save some money, that they 

capitalize in local saving systems called “tontines”. 

 

The contribution of women to cacao cultivation at the expense of food crops could result in a 

future reduction in food security. It is then recommended to involve paid workers in food 

crops. For this, farmers should design an annual timetable for agricultural activities, not only 
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based on cacao, but also on food crops. Such a timetable would help them to develop work 

contracts which would be adequate for both cacao and food crops. 

 

2.2. Evolution of smallholders’ strategies and agricultural activities. Contribution of 
food crops and AFS to food security and well-being of households 

 

The evaluation of production systems and farm activities was done in year 1 and 2. The 

results showed that: 

- Cacao farmers in Bokito are mainly from the region, while the ones in Talba have 

different geographical origins. The diversified population in the Talba region results in a 

diversification of nutritional habits.  

- Farms are on average much larger in Talba (16 ha, ranging between 3 and 65 ha) than in 

Bokito (1.5 ha) and the average cocoa yield is higher in Talba (700 kg /ha/year) than in 

Bokito (500 kg/ha/year). 

- Cacao plots are usually the main component (on average 85%) of farms in Talba, their 

relative importance being even higher (up to 100%) in large farms. They represent 50 to 

75% of the cultivated area of farms in Bokito, in which staple food crops are largely 

cultivated. 75% of the farmers interviewed in Talba cultivate food crop, while this 

proportion is 100% in Bokito. In Talba, the household relative revenues from cocoa vary 

between 85% in small farms to 100% in large farms.  

- Labour force is rarely hired in Bokito while 75% of the interviewed farmers in Talba 

hired between 2 to 14 workers. Women have started to get involved in cacao cultivation 

in Talba while they remain mainly involved in food crop cultivation in Bokito. In both 

sites most of the hired labour force is dedicated to pod breakage. 

- 80% of the interviewed farmers in Talba own a house while this % is 100% in Talba.  

- Land can be rent for cacao cultivation in Talba, which is not the case in Bokito. Cacao is 

much less currently cultivated on savannah in Talba than in Bokito. 

- The low level of food crop production in Talba results from: 1) the decrease in plantain 

and cocoa yam, usually cultivated in the young cacao plots, which are now less common, 

since the forest land has become scarce 2) the concurrence for savannah with housing 3) 

the concurrence for labour force with cacao.  

- On the other hand, a high level of plantain and cocoa yam is currently produced on the 

young cacao plots on the pioneer front, and these products are exported to Cameroonian 

cities and other countries of the region (Equatorial Guinea, Gabon, Congo…). 

 

This situation leads farmers to purchase food, which generally costs around 20% of the 

household revenue (which range between 2,000 and 10, 000 U.S $ per year), for most of the 

interviewed farmers, this proportion being negatively correlated to revenue. Anyhow, the 

interviewed farmers did not report any fear about their food security, since they have 

sufficient revenues to purchase food. 

 

Results of WP2  
 

 A report of student master-2 on remote sensing; 

 Fine cartography of the types of plots cultivated in the area of Bokito; 

 First cartographies, much more summary, of the Talba zone, with diachronic analysis; 
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 Follow-up the pioneer front in Talba and knowledge of ongoing dynamic agricultural 

activities; 

 In Talba, beginning of farms typology, and first evaluations of farmers’ activities; 

 Beginning of comparison analysis between both sites, Talba and Bokito. 

 

 

 

WP3: Assessment of the productive and environmental performances of AFS and 

their synergies with food-crops at plot, farm, and landscape levels 
 

3.1. Productive and environmental interactions between AFS and food crops at plot, 
farm and landscape levels (characterization) 

 

Characterization of indigenous knowledge related to agronomic or environmental 

functions and uses of the cultivated species (mainly trees species) in a range of AFS 

and food crop combinations  

 

This study, undergone in 55 cacao-based AFS in Bokito and 55 in Talba, aimed at comparing 

the diversity and the uses of non-cacaos in the cacao-based AFS in both localities. This 

activity was conducted by two Master students and is described in a submitted scientific 

paper. It revealed the following information: 

 

Local uses of the associated trees:  

- four major types of use could be distinguished in the studied AFS: wood (fire wood or 

construction wood); fruit production; provision of an agronomical service (shade and 

fertility) and cultural use (mainly medicine provision).  

- Fruit trees (especially citrus) are more common in Bokito than in Talba. In Bokito, these 

fruit trees play a major role for food security and diversity, through direct consumption or 

income increase thank to fruit sale in markets.  

- In Talba, cacao-based AFS provide food only at the young stage (under 7 years), when the 

development of cacaos still allows the cultivation of staple food crops. Later, cacao-based 

AFS contribute to food security only through the revenues from cocoa. 

- One species of associated tree can provide multiple services to the farmer. 

- Species use by farmers can be associated to some intrinsic functional traits (such as leaf 

life span or successional guild).  

- Diversity of trees in AFS is significantly lower in AFS than in forests  

- Associated trees are the main contributors of C storage in AFS. The C storage is highest at 

maturity e.g. between 40 and 65 years old. 

- In Bokito, C storage of associated trees can be considered as equivalent to that of local 

forest.  

- Diversity of associated trees tends to decrease with aging and AFS since farmers make 

trade-offs between the services they provide and cocoa production. 

- cocoa based AFS are able to combine high levels of tree diversity with long term 

conservation abilities and carbon storage. This is explained by the different uses and 

multiplicity of trees that were able to fulfil a function for farmers. 

- The simulated simplification of agroforests emphasised consistent shifts of functional 

traits / groups that are to change their functioning and to alter the existing balances 

between their different companion tree uses 
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- Since traditional agroforests are now foreseen as providers of timber / non-timber forest 

products, our study argues that this paradigm change - if carried improperly - is likely to 

severely impair long term services provision (including food) and sustainability in such 

low-input systems.3.1.2. Assessment of productive and environmental performance of 

agroforestry and food cropping systems and of their synergy  

 

 

3.2. Pathways to improve synergies between AFS and food crops at plot level 
 

Our objectives were to characterize and better understand the socio-economic functioning of 

farms for which cacao AFS is putatively the main source of income. Surveys were done on 39 

farms (20 in Talba; 19 in Bokito). The major results of these investigations are currently 

compiled in a master’s thesis and are to be developed in a scientific article (2016). 

 

- Surveyed farms showed that other activities beyond cacao were significantly contributing 

to total household economy. These were in magnitude of importance: staple food 

production, cattle breeding and non-agricultural activities. 

- In the surveyed farms, cocoa remain the highest contributor to family income. However, 

its relative contribution varied significantly according to the village studied. Indeed, cacao 

production contributed on average to 76% of total selling and auto-consumption of 

households in Talba whereas it only contributed to 38% in Bokito. Further, cocoa net 

income contributed to 87% and 50% of households’ plant production in Talba and Bokito 

respectively. 

- The Household Dietary Diversity Scores (HDDS; Swindale and Bilinsky, 2006) did not 

differ between villages. Yet, the Household Food Insecurity Access Scale (HFIAS; 

Coastes et al., 2007) showed a significant difference between villages, 21% and 12% of 

households being considered as food secure in Bokito and Talba respectively. 

 

Altogether, these results seemed to show that: 

- Cacao growing did not participate, in economic terms, significantly to food security of the 

two villages and 

- On farm diversification observed in Bokito helped to raise significantly the part of 

household that could reach food security. 

- A significant part of household’s food provision can be supplied by associated trees found 

in cacao-based AFS. Using food producing trees in AFS seems to be widely spread among 

surveyed households - particularly in Bokito - despite their acknowledged competition 

with cacao. 

 

3.3. Effects of trees on soil quality conservation in AFS containing food crops 
 

The objective of this action was to link yield, diversity and plot structure to soil quality. The 

investigations took place in Bokito, where most of AFS bear fruit trees – the major food crops 

found in Cameroonian AFS studied. It included 55 AFS plots – either setup on savannah or on 

remnant forest - as well as 5 forests plots and 4 savannah plots used as controls. The major 

results of these investigations are currently compiled in a master’s thesis and are to be 

developed in a scientific article (2016). 

 

In summary, the study showed that: 

- soils tested were compatible with cacao growing either agroforests were setup on forest or 

on savannah plots.  
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- cacao and fruit trees are important drivers to soil organic matter accumulation in these 

systems when compared to forest plots and cacao-based agroforest in other places of 

Central Cameroon where fruits trees do not have such an importance.  

- Among all the soil characteristics checked, significant soil quality indicators were 

phosphorus, C /N ratio, Fe2+, silt and soil organic C. 

- The soil degradation index (SDI) calculated from those soil analyses was decreasing with 

AFS age. 

- The SDI is moderate for savannah based AFS whilst is it not significantly affected when 

AFS were built on forest. 

- soils from AFS are in a relative state of equilibrium regardless of their age. 

- soils of AFS built on savannah are able to “catch up” with soils of forest based AFS while 

ageing. 

 

Assessment of the plot structure 

The objectives of these actions were to link plot structure and composition to cocoa yields. 

Plots of 800 m2 (for cacao and trees with a DBH < 30 cm) /2400 m2 (for threes with a DBH > 

30 cm) m2 were setup. More than 10 000 cacaos and 3704 companion trees were counted. We 

measured trees’ DBH, height and classified the vertical structure of each plot. We did not 

assess plot spatial structure. Bokito counted 66 plots and Talba, 60. The major results of these 

investigations are currently compiled in two master’s thesis and a scientific article 

(submitted). They are to be further developed in 2016. 

 

- plot size differs greatly between the two sites studied. Talba gathers plots of approx. 5ha 

whilst Bokito plots are 1.5 ha on average. 

- Plot vertical structures differ greatly between the two sites studied. Bokito is characterized 

by 3 strata (from the lowest to the highest): cacaos, fruits trees and shade trees. Talba plots 

do not or rarely contain a “fruiting” strata. 

- Carbon storage is ensured by big associated trees that can account for more than 80% of 

storage.  

- The two sites are characterized by an equivalent cacao density (approx. 1100 ind·ha
-1

) 

whilst Bokito possesses a much higher associated trees density (170 ind·ha
-1

) than Talba 

(70 ind·ha
-1

).  

- Bokito is characterized by a steady decrease of associated tree densities whilst the number 

of associated trees remains equivalent all along with aging in Talba.  

- Bokito is characterized by a steady decrease of cacao densities with age (-40%). Talba is 

characterized by a steady decrease of cacao densities until 60 years (also -40%). Yet, 

regeneration then clearly takes place and densities increase again with the plantation of 

young cacaos. 

- Assessment of potential cocoa yield during one-year period in cacao-based AFS in Bokito 

shows that: 

 potential yield on average in Bokito is 819.2 kg/ha  

 there is no significant difference of yields with respect to preceding land 

occupation 

 there is significant difference with respect to the age of the farm.  

 These yields are higher than in other cacao AFS production regions where fruit 

trees are less occurring. 

 The potential yield increases significantly with cacao basal area and reveals a 

weak positive relationship with the mean height of cacaos and a strong positive 

relationship with carbon stocks.  
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 citrus fruits trees appeared on top of the priority list of farmers as companion trees 

for cacao when creating their farms. 

 It is concluded that potential yield greatly depends on the cacao plants structure 

and associated trees density and size but does not seem to be impaired by fruit 

trees occurrence. Hence, it appeared that Bokito AFS exhibited win-win situations. 

 

Characterization of the microclimatic (humidity and light) conditions and impact on 

pests and diseases 

 

Observations were made on a regular basis during a whole year on 320 cacaos sampled in 8 

on cacao plots in Bokito. In each plot, two sub-plots containing 20 cacaos were identified, 

with two different levels of shade. 

The observations were as follows: 

- Microclimatic plots characterization: rainfall (rain gauge) and min/max temperatures 

(thermometer)  

- Microclimatic characterization of the sub-plots relative humidity and temperature on 

hourly basis (Tiny tag data loggers) 

- Analysis of shade spatial distribution in the sub-plots using “Shade motion” software on 

data issued from measurements made on shade trees 

- Observation made on individual cacaos: Number of produced pods, incidence of cherelle 

wilt, incidence of fruit loss caused by mirid bug Sahlbergella singularis, and the 

oomycete pathogen, Phytopthora megakarya. 

 

The three types of data were analysed together and the analyses showed that: 

- Shade has an impact on microclimate in the sub-plots:  

 An increasing shade level and results in a decreasing temperature and an increasing 

relative humidity during daytime only. The same trend is observed when the daily 

period of shade lasts longer.  

- Shade has an impact on pest and disease level of attacks on the cacaos 

 An increasing level of shade results in a lower level of damages caused by mirids, 

especially when these damages are measured on pods  

 

Assessment of the diversity of the main natural enemies of Phytophthora megakaraya 

The 65 plots used for soil analyses were used for this study, which allowed assessing the 

diversity of fungal mycoparasites and the abundance of vesicular arbuscular mycorrhiza 

(VAM), which can exert disease control through direct interaction with pathogens as well as 

indirectly by stimulating plant growth. 

 

The data are still being analysed but preliminary results are as follow: 

- neither age nor preceding ecosystem influence myco-parasite and VAM diversity and/or 

abundance.  

- soil pH influences the diversity and relative abundance of myco-parasites 

- cacao-based SAF have more diverse and abundant VAM communities than natural forest.  

 

Assessment of insect diversity in different types of cocoa plots 

This study was conducted by two Master students in Bokito in the following types of plots: 2 

cacao plots, 8 plots in which cacaos are intercropped with one or three other perennial crops 

and 4 multispecies traditional cacao-based AFS plots.  
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Diversity was assessed on ants, since these insects are good indicators of major changes in 

tropical areas and since they play a major role in bio-aggressor control, especially mirids in 

the case of cacaos. 

 

The results of the study are as follows: 

- No positive correlation was observed between crop and ant diversity. 

- No relation was observed between ant diversity and importance of mirid populations. 

- Ant diversity is rather influenced by plot environment and by farmers’ practices, 

especially the frequency of pesticide treatment. 

 

Assessment of the impact of mirid on yield of cacaos 

This activity was undertaken by a master student, consisting cacao assessment every 2 

months, in 30 traditional cacao-based AFS plots in three sites: Bokito, Talba and Ngomedzap.  

 

The following information was obtained: 

- Mirid attacks on young fruits (cherelles) result in their drying-up in more than 60% of the 

cases, but these attacks are very rare (less than 2% of the cherelles were attacked) 

- In Bokito, a clear negative correlation was observed between the level of cumulative mirid 

attacks on the vegetative parts of cacaos (measured by presence of cankers) and the level 

of yield 

- Mature fruits (pods) are scarcely attacked by mirids and these attacks have no impact on 

bean size 

- Insecticide treatment were found more efficient in Bokito area 

- A study about the possible impact of mirid attacks on cocoa bean quality will be 

conducted in near future. 

 

As a conclusion, it appears that mirids attacks on fruits have a very low impact on yield. On 

the other hand, attacks on the vegetative parts seem to have a more important impact. This 

finding stresses out the necessity of studies conducted during several consecutive years. 

 

- The two studies allowed us to notice the usually poor quality of the insecticide treatments 

applied by farmers, who tend to do them at the least adequate periods, very often because 

they combine these treatments with fungicide treatments, which are not made at periods 

corresponding to peaks of mirid presence. This poor mastering of insecticide treatments 

tends to reduce the environmental services provided by traditional cacao-based AFS.  

 

 

Results of WP3  
The first results from WP3 seem to indicate that traditional family-based cocoa cultivation 

performed in Bokito is more favourable to diversification with fruit trees, which strengthens 

the contribution of this type of cacao cultivation for food-security, compared to the 

entrepreneurial cacao cultivation performed in Talba.  

 

They also indicate a low but significant impact of shade-trees on micro-climatic conditions in 

cacao plots (reduction of temperature and increase of relative humidity). These shade trees are 

also identified as the major contributors of carbon storage, which can be as high as the one 

observed in forest (case of Bokito). On the other hand, the level of tree species diversity is 

lower in the AFS plots than in forests. 
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WP4: Characterization of the AFS main-crop quality for value addition to 

farmers’ incomes 
 

4.1. Characterization of the quality of AFS products at plot level 
38 cocoa samples were harvested on farmers’ fields and prepared at IRAD station in 

Nkolbisson, before being tasted in Nkolbisson and at CIRAD in Montpellier. 

 

The distribution of the samples according to the conditions of cultures and the varieties are 

deferred in Table 4.1. It was decided to concentrate our work in 2015 on the local variety, 

known as “cacao allemand” in order to confirm the got results last year. 

 
Table 4.1: Number of cocoa samples according to variety, shade regime 

Number of field Cultural condition 
  Variety Shade Full sun Total 

2R 1 2 3 
Local 11 18 29 
Hybrid 3 3 6 

General total 15 23 38 

 
 

A NIRS 6500 monochromatic (Foss NIR Systems, Silver Spring, USA) was used to scan 

reflectance from 400 to 2500 nm at 2 nm intervals. Measurements were done with ring cups (50 

mm in diameter) filled with about 3 g of ground cocoa powder. Data were saved at the average of 

32 scans and stored as log(1/R), where R was the reflectance at each wavelength. Spectra were 

acquired randomly, each sample being measured twice and the average spectrum stored. Spectra 

were mathematically corrected for light scattering by using the standard normal variation and 

trend correction. The second derivative was calculated on five data points and smoothed using 

Savitzky and Golay polynomial on five points.  

 

Statistical analyses were performed using Win-ISI II software (Intrasoft International, Port 

Matilda, PA, USA) and XLstat software (Addinsoft, Paris, France). The spectral database built 

with the 38 samples was compared to Cirad cocoa database in order to check their conformity to 

classical cocoa powder spectra and to apply prediction models developed in Cirad.  

 

NIRS predictive models were applied to these cocoa samples in order to predict: dry matter (DM), 

fat, theobromine, caffeine epicatechine, procyanidins C1, B2 and B5 and ammonia nitrogen 

content (table 4.2). The overall (38 samples) descriptive statistics are reported in Table 4.3.  

 

The analysis of the chemical composition according to the two parameters of studies (Variety, 

Shades) are gathered in table 4.4 and figures 4.1. The contents of matter dries and out of fat 

content prove to be identical some is the studied parameters. These contents are not 

influenced by our varieties and the level of shade. Concerning all the others made up, the 

statistical analysis does not show significant differences in link with the variety of the cacao, 

only exception the content of epicatechine is more important in the “German cocoa”. 
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Table 4.2: NIRS determination of biochemical compounds content of cocoa powder 

Variety Shade  
Dry 

Matter 
 Fat 

(g/100g) 
Epicatechine 

(mg/g) 
Proc. C1 
(mg/g) 

Proc. B2 
(mg/g) 

Proc. B5 
(mg/g) 

Caffeine 
(g/100g) 

Theobromine 
(g/100g) 

NH3 
(ppm) 

Local  Full sun 94,18 56,74 0,76 0,33 0,15 0,08 0,40 1,28 208 
Local Full sun 94,51 56,58 0,71 0,20 0,08 0,07 0,35 1,22 285 
Local Full sun 94,57 57,35 1,00 0,22 0,11 0,12 0,35 1,19 308 
Local shaded 94,25 56,27 0,85 0,32 0,15 0,09 0,41 1,28 218 
Local shaded 94,68 56,83 0,79 0,17 0,07 0,08 0,32 1,13 315 
Local shaded 94,33 56,46 0,81 0,21 0,10 0,08 0,34 1,21 283 

Hybrid Full sun 94,87 58,46 0,65 0,30 0,14 0,09 0,38 1,16 265 
Hybrid Full sun 94,15 57,84 0,58 0,26 0,11 0,08 0,37 1,20 302 
Hybrid Full sun 94,25 56,98 0,39 0,19 0,08 0,05 0,37 1,20 310 
Hybrid shaded 94,60 57,93 0,50 0,31 0,14 0,07 0,39 1,15 240 
Hybrid shaded 94,38 55,17 0,43 0,15 0,07 0,05 0,44 1,18 294 
Hybrid shaded 93,99 55,83 0,52 0,17 0,07 0,07 0,39 1,18 303 
Local Full sun 94,35 55,95 0,35 0,16 0,07 0,04 0,38 1,03 271 
Local Full sun 94,70 56,70 0,24 0,11 0,05 0,02 0,38 0,99 284 
Local Full sun 94,81 56,73 0,36 0,13 0,07 0,04 0,40 1,04 278 

2R Full sun 93,94 57,36 0,71 0,23 0,11 0,08 0,36 1,15 331 
2R Full sun 94,62 57,75 0,39 0,22 0,10 0,06 0,41 1,15 279 
2R shaded 94,27 55,60 0,52 0,20 0,10 0,06 0,43 1,13 248 

Local Full sun 94,55 55,07 0,51 0,21 0,11 0,06 0,40 1,20 204 
Local Full sun 94,46 56,30 0,68 0,20 0,10 0,07 0,35 1,08 246 
Local Full sun 94,00 55,67 0,82 0,15 0,07 0,07 0,31 1,06 278 
Local Full sun 94,49 55,72 0,90 0,12 0,06 0,08 0,29 1,12 305 
Local shaded 93,79 56,37 0,31 0,11 0,06 0,06 0,48 1,03 188 
Local shaded 94,38 55,72 0,70 0,12 0,06 0,06 0,33 1,03 255 
Local shaded 94,39 55,88 0,75 0,17 0,09 0,08 0,31 1,09 275 
Local shaded 94,23 53,85 0,55 0,10 0,05 0,07 0,35 1,08 303 
Local Full sun 94,47 54,99 0,67 0,16 0,07 0,07 0,37 1,08 268 
Local Full sun 94,27 55,47 0,88 0,13 0,06 0,08 0,32 1,11 328 
Local Full sun 94,23 56,05 0,44 0,03 0,01 0,04 0,31 1,06 301 
Local Full sun 94,41 56,84 0,74 0,20 0,10 0,07 0,36 1,15 273 
Local Full sun 93,99 57,26 0,84 0,17 0,07 0,07 0,35 1,18 293 
Local Full sun 94,36 57,37 0,82 0,17 0,07 0,08 0,34 1,23 324 
Local Full sun 94,84 56,31 0,81 0,17 0,09 0,08 0,37 1,03 232 
Local Full sun 94,31 56,24 0,67 0,13 0,06 0,07 0,29 1,06 346 
Local shaded 94,54 57,14 0,86 0,20 0,10 0,08 0,32 1,11 271 
Local shaded 94,64 55,50 0,90 0,20 0,10 0,07 0,39 1,14 225 
Local shaded 94,89 55,32 0,85 0,20 0,10 0,09 0,41 1,11 232 
Local shaded 94,50 57,60 0,76 0,12 0,06 0,09 0,29 1,01 345 

 

 
Table 4.3: Descriptive statistics of predicted values for each constituents of cocoa powder 

Statistics 
Dry 

Matter 

 Fat 
(g/100g 

MS) 

Epicatechine 
(mg/g) 

Procyanidin 
C1 (mg/g) 

Procyanidin 
B2 (mg/g) 

Procyanidin 
B5 (mg/g) 

Caffeine 
(g/100g 

MS) 

Theo. 
(g/100g 

MS) 

NH3 
(ppm) 

Minimum 93,79 53,84 0,24 0,03 0,01 0,02 0,29 0,99 188 

Maximum 94,89 58,46 1,00 0,33 0,15 0,12 0,48 1,28 346 

Mean 94,40 56,40 0,66 0,18 0,09 0,07 0,36 1,13 277 

SD 0,26 0,97 0,20 0,06 0,03 0,02 0,04 0,07 39 

CV 0,00 0,02 0,29 0,34 0,33 0,25 0,12 0,06 0,14 
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The statistical analysis (ANOVA) of the influence of the shade was carried out more specific 

on the “local” cocoa samples. This year, this one does not show an influence of the shade on 

the contents of characterized biochemical compounds. On this same cocoa, the statistical 

analysis of the composition had shown significant differences for the ammoniacal nitrogen 

content according to the shade like for the contents of procyanidines C1 and B2. These 

contents can be also connected to the transformation post-harvest, and in particular to the 

level of fermentation. Consequently, the differences observed the year last and not found this 

year seem to be due to the post-harvest treatment and not to the conditions of cultures. 

 
Table 4.4: Descriptive statistics of cocoa samples according to variety parameter  

Variety 
Shade 

condition 
Dry 

Matter 
Fat 

(g/100g) 
Epi. 

(mg/g) 
Proc. C1 
(mg/g) 

Proc. B2 
(mg/g) 

Proc. B5 
(mg/g) 

Caffeine 
(g/100g) 

Theo. 
(g/100g) 

NH3 
(ppm) 

Local  Full sun 94,4 56,89 0,83 0,25 0,11 0,09 0,37 1,23 267 

Local Shaded  94,4 56,52 0,82 0,24 0,11 0,08 0,36 1,21 272 

Hybrid Full sun 94,4 57,76 0,54 0,25 0,11 0,07 0,37 1,19 292 

Hybrid Shaded 94,3 56,31 0,48 0,21 0,09 0,06 0,41 1,17 279 

2R Full sun 94,2 57,55 0,55 0,22 0,10 0,07 0,38 1,15 305 

2R Shaded 94,2 55,60 0,52 0,20 0,10 0,06 0,43 1,13 248 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.1: Content of biochemical constituents of cocoa powder in relation with varieties and cultural 

conditions (where cacao allemand = local variety) 

 

The continuation of this study consisted with the evaluation the sensory quality of the 

products resulting from the cocoa samples. The sensory analysis was carried out on two types 

of cocoa products: liquors and chocolates.  

 

The preparation of liquors and the chocolates is done using the procedure commonly used in 

micro-chocolate factory. 
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The liquors are exclusively made up of roasted cocoa, peeled and crushed under the action of 

a kneader and heat, with a granulometry adjusted at the time of a stage of refining. No other 

ingredient was added to preserve the product in its original state in order to be able to evaluate 

the flavours as well as possible. 

 

The purpose of the manufacturing of chocolates is to evaluate the potential of a cocoa at the 

time of its transformation into cocoa product. The product contains only sugar, cocoa butter 

and lecithin of soya in small proportion in order not to denature aromatic perception in a too 

important way.  

 

In order to prepare the training sessions of the jury, a screening of the pool of samples was 

carried out. At the time of this stage a list of descriptors representative of the unit of the 

samples was drawn up and from the samples characteristic of a specific descriptor were 

isolated. This preliminary stage made it possible to publish a card of tasting for liquors and a 

card of tasting for the chocolates. The purpose of the training is to familiarize the jury with 

the descriptors established in the card of tasting. 

 

The sensory evaluation was carried out by a jury of 8 people. The samples were presented in 

randomization per series of 5 for liquors, per series of 4 for the chocolates and were tasted 

twice.  

 

The statistical analysis of the results was carried out through Variance analyses (ANOVA) in 

order to indicate if there exist significant differences between the samples according to the 

level in shade or the variety. The use of the test of Fischer as for him made it possible to 

associate the samples in homogeneous groups (classification of the samples). 

 

The sensory perception of the chocolates exits of the three varieties of cocoa tested is 

represented figure 4.2. The first figure makes it possible to see the sensory profiles of the 

chocolates according to the variety in condition shaded or not.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.2: Radar representative of the sensory perception of the chocolates according to the variety and 

following various conditions of cultures (on the left: full sun; on the right shaded) 
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The varietal sensory profiles of the chocolates prove slightly different. The “German cocoa” 

has weaker characteristics for the notes: sweetened, floral and fruity (dry and fresh). Notes 

slightly stronger for the wooded and alcoholic notes. With final, its global quality under these 

conditions proves slightly lower than the other varieties. In condition shaded, it has weaker 

notes on the criteria plant and floral, however its global quality proves to be identical to that 

resulting from a common hybrid. The third variety proves it less appreciated surely due to 

bitterness notes and of stronger astringency. 

 

In order to validate the first conclusions showing some differences in the sensory analysis 

according to conditions in cultures, an analysis in principal component was carried out on the 

results of the chocolate tasting resulting from “German cocoa”. 

 

The ACP was carried out on 6 chocolate samples by using as variable the sensory notes of the 

tasters according to the level of shade. Only the plan generated by the axes F1 and F2 

accounting for 74,34% of total information was retained (F1: 48,91% and F2: 25,43%) 

 

The projection of the individuals from this point of view makes it possible to distinguish two 

groups from individuals: on a side cacaos cultivated in full sun and other shaded cacaos. 

 

The projection of the variables on the axes F1 and F2 shows that the axis F1 is correlated 

positively with the variables land-mark, odour cocoa, spiced, and negatively with sweetened, 

floral.  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 
Figure 4.3: Chart of the ACP on the sensory notes of the chocolates from the German cocoa according to the 

level of shade 

 

The F2 axis as for him is correlated positively with astringency, the acid and negatively with 

fresh fruit, cocoa and global quality. The chocolates “full sun” are thus characterized by a 

more important global quality and notes of cocoa and fruits more important than the “shaded” 

cacaos. These results confirm those observed the previous year which showed a 

discrimination of the chocolates according to the shade. 

 

In order to confirm these analyses on a more important sample, the whole of the German 

cocoa samples was transformed into liquor and the sensory analysis of these products was 
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carried out. In order to know if the shade has an effect quality of liquors, a ANOVA about the 

whole of the descriptors sensory was carried out (Table 4.5). No sensory descriptor is 

significantly different according to the conditions from culture. 

 
Table 4.5: Sensorial analysis of cocoa samples according to cultural condition 

Odor 

Intensity Od Cacao Od Fruity

Od 

Alcoolique Od Vegetal Acidity Bitterness Astringency

Power 

Aromatic Cacao

Sun 6,034 a 4,443 a 1,455 a 1,830 a 2,091 a 4,354 a 5,910 a 4,497 a 6,205 a 5,034 a

Shade 6,118 a 4,715 a 1,604 a 1,847 a 2,125 a 4,386 6,193 a 4,557 a 6,250 a 5,035 a

Pr > F 0,664 0,215 0,521 0,950 0,896 0,903 0,259 0,835 0,793 0,998

Significatif Non Non Non Non Non Non Non Non Non Non

Fresh Fruit Dried Fruits Floral Vegetal Spicy Woody Roasty Alcoholic Animal

Global 

quality

Sun 1,739 a 2,489 a 1,182 a 2,049 a 1,239 a 1,852 a 2,451 a 1,341 a 1,136 a 4,295 a

Shade 1,854 a 2,764 a 1,286 a 2,511 a 1,521 a 1,861 a 2,705 a 1,424 a 1,410 a 4,479 a

Pr > F 0,690 0,310 0,644 0,132 0,228 0,977 0,401 0,769 0,398 0,447

Significatif Non Non Non Non Non Non Non Non Non Non  
 

 

The analysis in principal component was carried out on the whole of these data (Figure 4.4). 

The first two components explain only 39,78% then 51,39% if the third axis is however 

considered neither plan 1-2, nor plan 1-3 do not show a clear separation between liquors 

resulting from the shaded cacaos and the cacaos resulting from intensive cultivation. These 

results thus prove different from those of last year where the PCA carried out on liquors as on 

the shown chocolates them a separation of the individuals according to the conditions of 

culture.  

 

Discrimination was marked slightly on the chocolates, as it is the case for the results of this 

year. It thus seems that the separation is found more in the formulated product which can 

emphasize specific notes more marked. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.4.: Principal component analysis  
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4.2. Identification of main drivers of the quality of AFS products at plot level and at 
first transformation 

 

4.2.1. Safou shelf-life optimization 

 

Safou is a fruit commonly eaten by cocoa farmers who usually grow safou trees in their 

cacao-based AFS plots. Indeed, a recent survey showed that this fruit tree is the most common 

in cacao-based AFS in the area of Bafia.  

 

This fruit has a high nutritive value but, unfortunately, it has a very short (few days) shelf life, 

causing significant post-harvest losses. Another problem to face is the acidity of some of the 

fruits, dramatically damaging their gustative quality.  

 

The recent survey indicated that only big size and non-acidic safou can be sold, thus farmers 

commonly cut down safou trees producing small size fruits. This means that not only the 

acidity but also the small fruits size represents a handicap that can be overcome by processing 

the fruits. 

 

The activities undertaken during this project aimed at reducing post-harvest losses by 

developing methods to process this fruit. Two major processing techniques were developed:  

- drying: in order to develop a way to sell the dried fruit, as chips 

- reducing into powder: the powder, obtained from both good and acidic fruits, can then be 

used as a substitute to animal fats in rice-based biscuit confection. The results from our 

study are as follow: 

 

- Drying: a low drying process reduces the rancidity level of the chips 

- Packaging: safou chips can be conserved during a three-month period when stored in 

vacuum treated plastic bags or in bottles 

- Biscuit confection: 

o Fine safou powder is better appreciated by biscuit consumers 

o Rice-based biscuits enriched with safou powder are preferred to plain rice 

biscuits  

- Biochemical analyses of safou and of biscuits enriched with safou powder showed that: 

o Enrichment with safou powder obtained from acidic fruits increases the level 

of minerals and of essential amino-acids in the biscuits. 

o Safou powder from non-acidic fruits reduces the essential amino acid content 

o Leucine is the essential amino-acid mostly found in safou while tryptophan is 

absent in both safou and biscuits enriched with safou powder 

 

Our study clearly showed that it is technically possible to process safou fruits in order to 

valorise them, especially the ones which are not easy to commercialize because of their small 

size or their acidity. However, some economic studies remain to be done in order to assess the 

acceptability of safou chips and of safou powder enriched biscuits (or bread, viennoiseries, 

cakes….) on the local market. 

 

Our results on cocoa samples confirm only partly the results observed on our preceding trials. 

The characterization of the cocoa according to the studied parameters watch that contents of 

biochemical compounds: 

• Are not influenced by the shade this year and those whatever is the studied variety. 
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• Are not influenced by the shading conditions of the cacao plantation. 

 

The sensory analysis carried out in parallel on these samples has as for it: 

• Not shown differences according to the shade on cocoa liquors 

• leads to a discrimination of the chocolates. 

 

In this work, we could not show direct relationship between the biochemical composition and 

the sensory analysis. 

 

The safou can as for him be an additional resource with the producers of buildings and that its 

use can be to integrate in productions of local products. That is to say: 

• by drying the product to make chips of them. 

• while making some of the powder what then makes it possible to use it in the 

manufacturing of cookie. 

 

 

 

Results of WP4  
The results from WP4 seem to indicate that: 

 genetic origin of cultivated cacao in Cameroon has an impact on cocoa gustative 

quality; 

 some simple techniques can be applied to improve shelf-life and valorise safou. A 

generalized use of these techniques would increase revenue from cacao-based AFS 

plots as well as their contribution to food-security. 
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2.2.3. Kenya 
Country leader: Dr Philippe VAAST  

 ICRAF - United Nations Avenue Gigiri - PO Box 30677 - 00100 Nairobi - Kenya 

 philippe.vaast@cirad.fr  

 

 

WP1: Management 

1.1. Identification of target farms and communities 
This activity was performed during the first year of the project by the AFS4Food team in 

Kenya in collaboration with local partners (i.e. ICRAF, CRF and the Union of farmers’ 

cooperatives of Murang’a). The team has been working for the last 3 years with a series of 

about 400 target farms in the district of Murang’a. 

 

1.2. Creation of multi-sector Advisory committees and External advisory panels 
The local steering committee is constituted on an informal basis with the AFS4Food team in 

Kenya periodically dialoguing with farmers, representatives of local authorities, extension 

services and representatives of NGO working with local communities in the region on the 

goals and the results of the project.  

 

1.3. Scientific coordination of the funded operations and the network 
For Kenya, a management unit is constituted since the onset of the project between ICRAF & 

CIRAD to follow up financial, technical, and administrative matters and to strengthen the 

local research network and communication with the coordinator in Montpellier, France, as 

well as partners in the 2 other countries.  

 

1.4. Capacity building and capitalization of knowledge 
The Kenyan team organized the second international workshop of AFS4Food from 21

st
 to 26

th
 

October 2013 in Nyeri, Central region, in the heart of the coffee region of Kenya. This gave 

the opportunity to researchers from Cameroon, Madagascar and France to see the various 

coffee and food cropping systems and exchange locally about research activities and results.  

 

The Kenyan team participate in the third international workshop of AFS4Food from 20
th

 to 

26
th

 October 2014 in Madagascar. 

 

A total of 7 graduate students have been tutored by partners and done their field works within 

the project framework in Kenya: 

 

 In 2012, 1 MSc student from Morocco (Ali Boucetta) 

 In 2013, 2 graduate students (Claude Toko of Cameroon and Juliet Wainaina of 

Kenya). 

 In 2014, 2 graduate students from France (Clelia Roucoux and Gauthier Crepy) 

 In 2015, 3 graduate students from Spain (Daniel Ortiz & Victor Villanueva) and 

Thailand (Pin Pravalprukskul) 

 

 

 

 

 

mailto:philippe.vaast@cirad.fr
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Activities and results of the period April 2014/September 2015 

 

Three training courses and studies were carried out within the framework of the WP2 during 

this period. It is first of all the training course of master degree of Clélia Roucoux. This 

training course carried out from April 2014 to November 2014 related to the characterization 

of the technico-economic performances of the principal systems of production agricultural 

present in the family farmers of the zone of Muranga.  It is then the study entrusted to Juliet 

Wainaina (in charge of study ICRAF) on the characterization of the food security level of the 

farmers of this same zone. This confirmed, on a more important sample (150 families) that 

surveyed by Claude Toko in 2013 (36 families surveyed), importance of the nonagricultural 

incomes, but the data collected on food safety of these families could not be exploited because 

of a too great inaccuracy on the quantities of foodstuffs bought and produced for subsistence 

farming on the exploitation. It is finally the study entrusted to Maureen Njenga (in charge of 

study ICRAF) on the zone of Kimendé Township (County de Kiambu). This study realized 

between June and September 2015 of the investigations near 60 agricultural families. It aimed 

confirming on another zone that of Muranga the observations made by work of Claude Toko 

(2013) and Juliet Wainaina (2014) on the importance of the nonagricultural incomes and at 

supplementing the information already collected on the strategies of adaptation of the 

agricultural families by the characterization of the professional paths of the various family 

members. The first analyses show that one also finds for this zone nonagricultural incomes 

which account for on average 46% of the monetary incomes of the surveyed agricultural 

families. The data on the professional paths are still in the course of seizure and of analysis. 

 

 

 

Results of WP 1 
 Collaborative Management Unit ICRAF-CIRAD  

 First, 2
nd

 and 3
rd

 annual reports delivered to Coordinator 

 Organization in October 2013 of the 2
nd

 international workshop of the project 

 Periodic consultations of the members of the steering committee and key local 

stakeholders 

 Participation of the Kenyan team to 1
st
 workshop in Cameroon 2012 and in 

Madagascar 2014. 

 6 graduate students have completed their Masters theses 
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WP2: Characterisation of farming systems and identification of long term drivers 

at household and landscape levels 
 

2.1. Spatio-temporal dynamics of farming systems 
 

2.1.1. Understand the dynamics of farming systems on the long term 

We have surveyed both the coffee-based agroforestry systems of family agricultures and the 

large industrial coffee plantations where coffee is generally planted either with a very diffuse 

shade or in full sun. The statistics show that Kenyan the coffee-plantation production was 

divided by three during the last thirty years (from 120,000 tons at the beginning of the years 

1980 to 40,000 tons these last years). This fall translates a regression of the coffee systems 

which relates to in particular the principal producing regions of Kenya that of Centre-East 

(see map below). A fall that the few new coffee plantations in the North-western area do not 

manage to stop. 

 

In addition, the statistical data collected show that this fall of the Kenyan production of coffee 

concerns the family coffee producers as much as the large industrial plantations. However, the 

data collected through the investigations and studies carried out in 2013 and 2014 in the 

counties of Muranga (family agriculture) and Kiambu (“coffee Estates”) show that these 

global figures mask two very different dynamics for these two coffee based production 

systems. 

 

 
Figure 2.1: Localisation of the main coffee basins of Kenya   

 

In the Kiambu county, close to Nairobi where are the majority of large Estates Kenyan, one 

observes a massive replacement (31% in 13 years) of coffee-plantations surfaces by real estate 

projects and highway networks which strongly decreased the role of the coffee based systems 
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in the food safety of the populations in these zones. In the Muranga county, the fall of the 

coffee-plantation production (that was divided by 5 in 25 years) has not been explained by a 

disappearance of the family farms, their number is even in strong increase for thirty years, but 

by a strong agricultural reorientation of the systems of production and activity. These 

reorientations, like their incidence on the food safety of the rural populations, are specified in 

the following chapters. 

 

2.1.2. Analysis of aerial imagery and Geographic Information System  

One of the remote sensing analyses objectives was to map the cropland in the area of study in 

Murang’a, to understand the distribution of the different cropping systems used in this area. 

Such analyses were achieved on two multispectral satellite images acquired at very high 

spatial resolution (.5m/pixel) respectively by Worldview 2 in June, 2013, and by Pleiades in 

January, 2015, this latest being shot in tristereo mode.  

 

After several field surveys concerning the land cover and land use, the cropping systems, and 

also the plot structure (LAI, diversity, tree height…), an idea of the typology of the cropping 

systems was clarified. Then, complex processes were developed to automatically detect and 

map the agroforestry systems, and to try to classify them into different types on the basis of 

the plot structure. Such processes were hampered by the difficulty to identify a tree-planted 

plot as a homogeneous entity and to encompass the large variability of composition and 

structure of these tree-planted plots. After all, it appeared that the tree-height information, 

theoretically given by a Digital Elevation Model, is a key data to allow such mapping. Some 

efforts were thus made to product such a digital model from the tristereo pairs acquired by 

Pleiades sensor, performing at first the production of a Digital Terrain Model (DTM) at a 

resolution close to 1 or 2m/pixel, then classifying the ground areas to calibrate the limits of 

the DEM, and finally producing this DEM with a good precision. The DTM was compared to 

the one produced by NASA at 30m/pixel and the DEM was confronted to field height 

measurements of thirty trees. 

 

Among a large set of tested methodologies, spectral, textural, and height information were 

then combined in an object-oriented approach leading to a classification based on the Random 

Forest algorithm. This classification was supervised by the field knowledge. 

 

Finally, a digital cropland map of Murang’a’s county was produced at the resolution of 

0.5m/pixel, following a simpler typology of the cropping systems as below: 

- Food crops 

- Banana crops 

- Tea crops 

- Coffee crops exposed to sunlight 

- Shaded coffee crops 

- Eucalyptus plantations 

- Dense tree plantations 
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Figure 2.2.: Sample of the digital cropland map of Murang’a’s county 
 

 
Zoom 
Figure 2.2.: Zoom on a portion of the sample of the digital cropland map of Murang’a’s county 

1 km 

200 m 
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This result is estimated to be reliable at 92% in global precision, and of the same order of 

reliability for each individual class. Although, the « dense tree plantation » comprises the 

coffee crops that are densely shaded, as coffee plants they are not distinguishable. It is not 

possible to decipher the presence there of coffee only with remote sensing: some field clues 

and hypothesis have to be collected to model a trend of occupation or indirect indicators. 

 

This map clearly shows the influence of three large cropland systems:  

- at the centre, between altitudes of 1500m and 1800, coffee and food crops dominate 

the landscape 

- above 1800m, tea is the dominant crop 

- below 1500m, it is the banana and a food-crops domain 

 

Inside the whole mapped area of 136 km
2
, the different cropping systems are distributed as 

indicated in the following table: 

 
Cropping system Proportion Area 

Food crop 28%  

banana 14%  

tea 6%  

Coffee, sunlit 1%  

Coffee, shaded 16%  

Eucalyptus 0.1%  

Dense tree plantations 35%  

  136 km
2
 

 

But the area representative for statistics might be considered delimitated by the “coffee-

dominated” region, thus the 120 km
2
 comprised between 1500m and 1800m, where the 

different cropping systems are more concentrated in dense tree plantations and shaded coffee 

crops, like indicated in the following table: 

 
Cropping system Proportion Area 

Food crop 26% 31 km
2
 

banana 5% 6 km
2
 

tea 3% 3 km
2
 

Coffee, sunlit 1.2% 2 km
2
 

Coffee, shaded 22% 26 km
2
 

Eucalyptus 0.8% 1 km
2
 

Dense tree plantations 42% 51 km
2
 

  120 km
2
  

 

Moran’s landscape statistical index indicates that the cropping systems are significantly 

clustered inside the landscape, showing a designed structure for the cropland. Deeper analysis, 

like a multi-scale approach, could help understanding whether these structure determinants 

are rather natural (like, indeed the topography and its consequences) or anthropic (land use 

and land owning history). 
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2.2. Evolution of smallholders’ strategies and agricultural activities  
This activity was developed in both study zones: Murang’a County and that of Kiambu.  

 

Typology, farmers’ management and strategies 

 
The surveys conducted with resource farmers in Muranga zones (county of Muranga) showed 

that coffee-based farming systems have had for about thirty years a strong diversification of 

the crop productions and animal husbandry. The development of areas dedicated to the trees 

(for their fruits, wood, the marking of the limits of the properties), to the food crops (corn, 

bean, banana …) and market-gardening (cabbage, tomato …) and with fodder production 

(napier grass) replaced old surfaces coffee-plantations by an agroforestry system interfering 

way more or less narrow these various crop productions. The development of the dairy 

production, license in particular by the improvement of the genetics of the bovine races used 

and the development of the sector, constitutes the second aspect of this “agrarian revolution”. 

This one by developing remunerative productions and with cycle shorter than the coffee 

(truck farming) and except soil (dairy animal husbandry, poultry production) made it possible 

to increase considerably the productivity per hectare and work hour of previous coffee-based 

farming systems (see table below). 

 

Production System VAB/ha VAB/active VAB/WD 

Coffee monocrop 231 175 58 666 377 

SC Mix milk / forage 523 730 190 502 924 

Gardening 518 020 116 745 895 

SC = Cultural System   Ha = hectare 

VAB = Gross Added Value  Hj = Working day (Homme jour) 
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Beyond this improvement of the agricultural systems of production, the conducted surveys 

showed that the strategies of the agricultural families had been also based on the 

diversification of the activities and in particular the development of the non-agricultural 

activities (small shop, wage-earning, transport…). Those represent today about 33% of the 

total incomes of the agricultural families (including the self-consume products evaluated at 

the cost of market) whereas the coffee accounts for today only 5% of these total incomes.  

 

The last strategy of adaptation of these agricultural families is the final departure of 

unquestionable family members, and in particular of the young generations, towards the city 

and employment or urban activities. The few demographic data available, which remain to be 

confirmed, make it possible to estimate that 25% of the population has left these rural areas 

during the last fifteen years to go to town. The analysis of the various data makes it possible 

to estimate that 50% of the population remaining in the agricultural zones can ensure their 

food needs and revenues on agricultural sources because of the good performances on their 

systems of production. The non-agricultural sources represent 25% of their revenues. 

 

 Scenarios and recommendations 

In Kenya, for pedoclimatic and demographic reasons the availability of lands per capita 

remains low and the pressure on this resource increases year by year (3 to 5 ha/family about 

fifty years ago and from 0.5 to 1 ha/family in 2013 for the zone of Muranga). Vis-a-vis the 

increase in this constraint the agricultural families, being based on the increase in urban 

demand in food products and on the development of the secondary industries and tertiary of 

the Kenyan economics, succeeded in increasing the economic performances of their systems 

of production agricultural and developing their non-agricultural incomes. This progress made 

it possible counties like that of Muranga to pass between 1985 and 2013 of 300 to more than 

400 inhabitants/km² by maintaining a security level food correct for more than 85% of the 

rural population. Although Kenya recently started its demographic transition, the growth rate 

of the rural population will remain positive for the years to come and will require that this 

progress is continued. Like shows it the results got by this project, the improvement of the 

performances of the coffee systems does not constitute any more one major way of 

improvement of the food safety and the monetary incomes of these rural populations. It is 

rather a question of developing research programs and of development aiming at relying the 

dynamic in progress ones around the cultures and of the livestock productions with high 

added value with the hectare and authorizing a good remuneration by work which is invested 

there. It is also a question of passing for these zones of the strongly populated highlands of a 

design of rural development centred on the agricultural activity to a development strategy of 

zones become rural. Zones which extremely fortunately will base more and more their food 

safety and the maintenance, even the improvement of their monetary incomes, on activities 

and agricultural incomes and non-agricultural. 

 

Results of WP 2 
 Data set on main features for around 200 households in two contrasted coffee 

producing counties 

 Enhanced knowledge of stakeholders’ strategies in rural coffee communities.  

 Importance and evolution of agricultural and off-farm activities in the livelihood of 

farmers in the county of Murang’a.  

 Typology of coffee farms in progress. 

 4 graduate students (Claude Toko of Cameroon, Juliet Wainaina of Kenya, Clelia 

Roucoux of France, and Maureen Njenga of Kenya). 
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WP3: Assessment of the productive and environmental performances of AFS and 

their synergies with food-crops at plot, farm, and landscape levels 
 

3.1. Productive and environmental interactions between AFS and food crops at plot, 
farm and landscape levels (characterization) 

 

3.1.1. Characterization of indigenous knowledge related to agronomic or environmental 

functions and uses of the cultivated species (mainly trees species) in a range of AFS 

and food crop combinations  

 

The characterization of local knowledge on agroforestry practices and key attributes of trees 

associated to coffee and, to a lesser extent associated food crops, has already been intensively 

undertaken in the target zone by a previous project. Therefore, AFS4Food team in Kenya 

participated actively in the development of decision-support tool, based on local knowledge, 

so that every individual farmer could receive technical advice on tree selection specific to 

his/her needs and the local context.  

 

This tool is primarily based on local agroforestry knowledge collected in the field through 

interviews with farmers and rankings of tree species according to ecosystem services (e.g., 

shade quality, pest and disease suppression or soil fertility improvement) provided by the 

shade trees as perceived by local farmers. Tree species ranking by farmers helps document 

local knowledge precisely as it generates an efficient way to differentiate target tree species 

based on scores. This decision-support tool is geared towards extension officers of 

cooperatives and rural development projects and can be used to help smallholder farmers to 

select tree species for their coffee plantations and farms. 

 

ICRAF, CIRAD and partners have submitted one publication on a special issue of 

Experimental Agriculture to be published late 2015, presenting the main results and the 

development of the decision-support tool to select trees according to their desirable attributes 

and provision of ecosystem services for a beneficial association with coffee and food crops 

and in accordance to farmers’ needs and local ecological conditions (Table 3.1).  

 
Table 3.1. Desirable attributes and ecosystem services selected according to local farmers for shade trees 

associated to Arabica coffee 

Microclimate 

buffering 

Soil fertility 

enhancement 

Impact on 

coffee 

Pest and disease 

suppression 

Other ecosystem 

services 

Temperature 
reduction 

Soil moisture 
enhancement 

Mulch 
provision 

Erosion 
reduction 

Coffee lifespan 
enhancement 

Coffee yield 
increase 

White Coffee Stem 
Borer (WCSB) 

Coffee Leaf Rust 
(CLR) 

Weed suppression 
Food provision 

Timber supply     
Fuel wood supply 

 

A website is currently in its development and testing phase, and will be freely available so 

that any institution or individual can access and use it easily in the near future 

(http://www.shadetreeadvice.org/advice/tool.php). The tool is user-friendly and has a high 

capacity to propose options for highly specific contexts.  

 

http://www.shadetreeadvice.org/advice/tool.php
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Based on the farmers’ needs and priorities, various weights can be attributed to the selected 

environmental services (ES) as shown in Table 2, and the decision-support tool recommended 

which shade tree species to promote in the respective coffee farms. 

 
Table 3.2. Ecosystem services (ES) and weights selected for 3 different farm conditions (low versus high 

altitude) and to fit farmers’ needs 

Low altitude High altitude 

Farmer 1 Farmer 2 Farmer 3 
ES Weight ES Weight ES Weight 
Temperature 5 Temperature 1 Erosion 5 
Yield 4 Yield 3 Food 4 
Timber 3 Timber 5   

 

For Farm 1, as shown in the Figure 3.1 below, the recommended top five tree species are C. 

africana, A. coriaria, F. mucosa, F. albida and F. sur, with all species rated high by farmers 

for their capacity to produce high quality timber and provide a favourable micro-climate for 

coffee productivity. 

 
Figure 3.1: Recommended tree species selection for Farm 1 based on the farmer’s needs and priorities, namely 

high capacity to buffer air temperature (most important with weight of 5), maintenance of high yield of 
coffee (weight of 4) and timber production (weight of 3). 

 

 

3.1.2. Assessment of productive and environmental performance of agroforestry and 

food cropping systems and of their synergy  

 

Manure addition, soil fertility and performance of pure/mix cropping systems 

 

In 2014, two studies assessed the effects of organic manure, the main fertilisation source of 

the target zone, in pure coffee systems, coffee intercropped with food crops and in pure food 

crop systems. The aim was to analyse the medium to long term effects of farmers’ manure 

practices on production and on the nutritional status of coffee, maize-bean intercropping and 
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napier grass as well as on soil fertility. These cropping systems are the major ones on farms 

representing 76 % of utilized arable area. 

 

This study highlighted the importance of manure addition to cropping systems sustainability 

as fairly large amount are added yearly. On coffee, manure inputs were on average 37 ± 31 kg 

FM/ha/year and NPK fertilizer additions (mostly CAN, calcium ammonium nitrate and DAP, 

di-ammonium phosphate) were 596 ± 533 kg/ha/year. On maize-bean intercropping, manure 

inputs were on average 31 ± 15 kg FM/ha/year and NPK fertilizer additions were 549 ± 376 

kg/ha/year. On napier grass, manure inputs are on average 20 ± 18 kg FM/ha/year and NPK 

fertilizer additions are 88 ± 168 kg/ha/year. Napier grass yield are 12 ± 9 t DM/ha/year in 

2013. 

 

In order of importance, manure addition, density of plants and mineral fertilizers had the 

strongest effects on coffee yield. The same trend was observed on maize and napier grass. 

Manure addition had also a strong beneficial effect on soil fertility. Soils with higher manure 

application were richer in total nitrogen and K, and had a higher cation exchange capacity. 

Soils with higher NPK fertilizer additions are rich in P and K.  

 

Overall, this illustrates what farmers were telling us “to improve our living conditions, it is 

fairly straight forward: buy us at better prices our coffee, we will be able to buy more cows, 

sale more milk, put more manure in our coffee and food crops, get more coffee, more money 

and become more food self-sufficient”.  

 

In 2015, 3 studies were undertaken around assessing carbon balance in coffee farms; one 

study by a Masters student, concentrated on evaluation the mitigation effect of tree on farms, 

the second study by a Masters student, focused on greenhouse gas emission by livestock and 

manure management while the third one by a PhD student measured GGH in cropping 

systems (coffee, food crops, forage) in order to come up with a carbon assessment at the farm 

level and identify pathways to reduce GHG while improving sustainability and livelihood of 

the coffee communities.  

 

Carbon sequestration by trees on coffee farms 

 

The study on carbon sequestration “Assessing the contribution of Grevillea robusta trees to 

farm-scale carbon fluxes in the Central Highlands of Kenya” addresses the issue around the 

lack of empirical data on tree-related carbon fluxes on smallholder farms which is an obstacle 

to evaluating the greenhouse gas balance and climate change mitigation potential of 

agroforestry systems. In the absence of a cost-effective and reliable assessing method, 

smallholders are excluded from financial compensation provided by carbon offset schemes. 

Based on tree measurements and household interviews of 63 farms and based on the 

methodological framework presented below (Figure 3.2.), this study provides farm-scale 

estimates of carbon fluxes related to trees in agroforestry systems in Murang’a County of 

Central Kenya, where Grevillea robusta is the dominant tree species.  

 

It used one-time measurements as a basis for estimating carbon sequestration fluxes into and 

carbon removal fluxes from aboveground tree biomass.  

 

The intensive use of the aboveground component of G. robusta trees in the livelihoods of 

smallholders in Murang’a was found to contribute to climate change mitigation in multiple 

ways.  
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A typical farm sequestered 2.0 – 5.2 Mg C ha
-1

 yr
-1 

in aboveground tree biomass. Removal 

fluxes from aboveground biomass contributed to harvested wood product carbon pools at 

rates of 510 – 860 kg C ha
-1 

yr
-1

, while the burning of fuelwood harvested from G. robusta 

branches was equivalent to the displacement of around 240 kg C ha
-1

 yr
-1

 (880 kg CO2 ha
-1

 yr
-

1
)
 
of fossil fuel emissions.  

 

The addition of leaves from branch pruning to manure for crop application transferred around 

60 – 130 kg C ha
-1

 yr
-1

 to soil carbon pools, some of which may be sequestered in long-lived 

pools. In conclusion, this study provides useful empirically-based estimates that reduce the 

uncertainty on much-needed carbon flux data for smallholder farms for potential payment 

provided by carbon schemes. 

 

 
 
Figure 3.2: Summary of methods used in estimating climate change mitigation potential of farms. This was 

done in three general steps: 1) Identification of carbon fluxes and pools related to trees and farm 
livelihoods through surveys; 2) Measurement of carbon fluxes at the level of the tree/household 
individual through empirical models; and 3) Estimation of farm-scale fluxes using farm and household 
characteristics from the survey. 

 

Estimation of greenhouse gas emission from manure management 

 
Greenhouse Gas (GHG) emissions coming from manure field application represent 16% of global 

livestock emissions. A number of practices in manure management exist, which affect manure 

quality and therefore GHG emissions. Data is lacking on GHG emissions from the Developing 

World, and in particular from smallholder farming systems. Consequently, Kenya Central 

Highlands have been taken as a case study to identify and characterize the manure management 

systems (MMS) present in the area, and calculate GHG emissions of land-applied manure, coming 

from the identified management systems.  
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75 semi-structured interviews were carried out with farmers in Murang´a District to collect 

general information about their production systems and more specifically about their manure 

management practices.  

 

Moreover, soil was sampled from 4 farms and manure from 12 farms to perform a 42-day 

laboratory incubation experiment to measure the N2O emissions of manure resulting from the 4 

identified management systems, i.e. unmanaged (UM), heap (HP), pit (PT), and biogas (BG). A 

control (only soil), soil and calcium ammonium nitrate (CAN) and soil with manure and CAN 

were the other 3 treatments in the experiment, totalling 15 treatments. The field spreading of 

manure, i.e. surface application, was mimicked in the incubation study to measure the N2O 

emissions. Clear differences were found between MMS regarding manure retention times and 

manure handling practices. UM systems had the greatest retention time (108 days) whereas BG 

systems had the lowest (36-75 days).  

 

In the laboratory incubations, the synthetic fertilized treatments had the highest cumulative 

emissions (soil+fert= 709 μg N2O/jar and soil+fert+manure= 969 μg N2O/jar) and greater 

emission factors (EF) than most manure treatments, 0.26% and 0.17% respectively. The highest 

EF factor belongs to manure coming from one of the BG farms (0.54%) which is, among only 

manure treatments, the one with the highest cumulative emissions (519 μg N2O/jar) and the only 

liquid manure. Results indicate that higher N2O emissions of land-applied manure are associated 

with a lower C/N ratio of the manure, as well as higher manure ammonium and water contents. 

The combination of organic and mineral fertilizers produces higher N2O emissions than the sum 

of emissions from fertilizers applied separately. This shows that the modification of the 

composition and physical conditions of the manure, and the timing between organic and mineral 

fertilization might be tools to mitigate N2O emissions in farmers’ fields.  

 

   
Figure 3.3: Pictures of a pit manure management system (right) and a biogas manure management system in 

farms of the Murang’a District.  
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Figure 3.4.: Production of N2O by soil without manure and fertilizer addition (Control) versus Soil+fertilizer (1g 

CAN/jar) and soil+ Fertilizer +manure addition (44g/jar) expressed in µg N2O-N/m
2
/h over the course of 

the 42-day experimental period in the laboratory. 

 

 

Assessing greenhouse gas emission at farm scale 

 

Since September 2014, a PhD student is working in Kenya on the target zone of the project 

with the goals to: 

 Quantify greenhouse gas emissions and removals at field and farm levels of coffee 

production systems, for identifying the sources and sinks of greenhouse fluxes. 

 Analyse the trade-off across the value chain of coffee using a range of modelling 

approaches, in order to identify climate and livelihood impacts from transition of 

multi-story farms to unshaded monocultures.  

 Determinate the practices which produce the highest opportunities to provide a range 

of ecosystem services reducing GHGs emissions to identify pro-poor mitigation 

options for smallholders. 

 Look for optimal solutions by contrasting techniques and protocols, in order to find 

cost balanced strategies to improve extent and accuracy of activity data for gas 

accounting.  

 Develop a series of guidelines for improving ecosystem services at field, farm and 

landscape levels.  

  

Over a year, field measurements have been performed on two farms, monitoring GHG 

emissions over time in coffee, maize-bean and Napier grass fields, particularly after addition 

of manure or inorganic fertilizers. Additionally, GHG measurements are also undertaken in 

manure management systems. In coffee farms, 4 manure management systems are common, 

namely unmanaged, heap, pit and biogas. Data collected have permitted to start estimating 

GHG emissions by the various components (livestock, manure, cropping systems) of farms 

according to management intensity.  
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Figure 3.5.: Estimations of GHG emissions originating from coffee fields in the county of Murang’a, Kenya 

 

 

 
 
Figure 3.6.: Estimations of GHG emissions originating from manure management on coffee farms in the county 

of Murang’a, Kenya 
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Figure 3.7.: Estimations of GHG emissions originating from livestock on coffee farms in the county of Murang’a, 

Kenya. 

 

 
 

These preliminary results show that livestock and manure are the main 2 “hot spots” of GHG 

in coffee farms whereas all cropping systems combined only produced around ¼ of the total 

farm emissions.  

 

Coffee pathology: 

 

The main purpose of the pathology studies undertaken during the project was to assess 1) the 

shade influence on coffee disease epidemics in the Kenyan smallholder environment and 2) 

the effect of climate change (CC) on these coffee pests and diseases by using an altitudinal 

transect as a proxy for CC. Two students were involved in the shade work in 2013 and one 

was involved in the CC in 2015. 

 

This WP component has focused on the most prevalent coffee diseases in the central province 

of Kenya, i.e. leaf rust (CLR) and anthracnosis (CBD) and the coffee berry borer (CBB) as 

illustrated in Figure 6. Its general objective was to evaluate if the incidence of the pest (CBB) 

or diseases (CLR & CBD) could be related and further explained by the intensity of shade and 

altitude. 
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Figure 3.8: From left to right: Coffee berry Disease (CBD), Coffee Leaf Rust (CLR) and Coffee Berry Borer (CBB) 

 

Coffee pests and changes in climate present major challenges to coffee production in 

Murang’a County, Kenya. Temperature, altitude, precipitation and the host play a key role in 

the distribution and occurrence of Coffee Leaf Rust (CLR) worldwide. The aim of this study 

was to determine the effects of altitude, temperature, rainfall and relative humidity on the 

severity and incidence of CLR.  

 

Thirty-four (34) small scale coffee farms were randomly selected in three Upper Midland agro 

ecological zones (UM1, UM2 and UM3). Disease prevalence, incidence and severity were 

recorded over a production cycle.  

 

The prevalence of CLR was significantly higher in UM2 and UM3 than in UM1. The results 

showed that the CLR occurred in all the three coffee growing agro ecological zones. 

Temperature and precipitation also influenced the occurrence and severity of CLR. High 

temperatures immediately after a rainy period resulted to high CLR infections while high 

temperatures and low rainfall resulted to low severity. Results indicated that altitude, 

temperature and precipitation influenced the occurrence and severity of CLR. 

 

Distribution survey and disease assessment 

 

Several farms were selected at random for a disease survey from lists of growers in each co- 

operative society in Murang’a County. The selection criterion was based on farms that don’t 

spray against coffee diseases and have more than 50 bearing bushes either under shade or in 

full sun. Farms were surveyed over a full production cycle.  

In forty (40) farms out of all the farms visited, 10 bushes were scored randomly across the 

farm for the presence or absence of symptoms of CBD and CLR.  

 

CBD infection was higher in UM1 than UM2 and UM3 while CLR was higher in UM3 than 

UM1 and UM2 (Table 3.3). 

 
Table 3.3: Percent Coffee leaf rust (CLR) and Coffee berry disease (CBD) infection at different agro-ecological 

zones 

 
ECO ZONE  % CLR INCIDENCE  % CBD INCEDENCE 

UM1 33.2 70.8 

UM2  32.8 33.1 

UM3  38. 7 12.6 
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Figure 3.9. Percent Coffee leaf rust (CLR) and Coffee berry disease (CBD) infection in different farms 

 

CLR was reported in all the farms while CBD was prevalent in UM1 and UM2 (Figure 3.10). 

` 
Figure 3.10: Percent Coffee leaf rust (CLR) and Coffee berry disease (CBD) prevalence in different agro-

ecological zones 
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Table 3.4: surveyed farms  

 
FARMER NAME ALTITUDE LATITUDE LONGITUDE ECOZONE Shade level 

John Njagi Mwangi A 1798   UM1 2 

John Njagi Mwangi B 1798   UM1 3 

Hellen Gachambi 1966 0.64020 S 36.90760 E UM1 3 

Susan Njoki 1794   UM1 3 

Francis Kinja 1963 0.64094 S 36.90862 E UM1 1 

Gerald Chege 1950   UM1 1 

Mwangi Gachoka 1884 0.73021 S 36.93514 E UM1 3 

Teresia Njeri Gathioro 1892 0.72986 S 36.93500 E UM1 3 

Margret Waringa 1876 0.73085 S 36.92665 E UM1 3 

Esther Muthoni 1775 0.69018 S 36.93932 E UM1 3 

Mwangi Kiruga 1784 0.65139 S 36.95967 E UM1 3 

David Kariuki Mwangi 1627 0.71730 S 37.04015 E UM2 1 

Mary Wambui Ngure 1580   UM2 3 

Peter Irungu Githoge 1723 0.74074 S 36.96070 E UM2 3 

Mary Mutire 1567 0.74546 S 37.05055 E UM2 3 

Josephine Cui  1549 0.69713 S 37.04551 E UM2 3 

James Thuku 1662 0.70018 S 37.02401 E UM2 3 

Margret Nduta Maina 1569 0.69766 S 37.05163 E UM2 3 

Ephantus Kamau 1581 0.74317 S 37.05992 E UM2 3 

Lewis Mwangi Kanyiri 1545 0.73030 S 37.06984 E UM2 1 

Peter Hosea Ruthi 1730 0.71787 S 37.00879 E UM2 3 

Aram Gachugu 1625 0.71834 S 37.03886 E UM2 3 

Mwangi Njoroge 1561 0.72814 S 37.06470 E UM2 3 

Harrison Kamanu 1567 0.71900 S 37.07127 E UM2 3 

Mary Gitau B    UM3 1 

Paul Irungu Mwangi 1400 0.70550 S 37.09324 E UM3 1 

Elda Wanjiku 1380 0.70376 S 37.08975 E UM3 1 

Virginia Njeri Mwangi  1511 0.72358 S 37.08268 E UM3 1 

Mary Gitau A 1532   UM3 2 

Peter Maina 1363 0.70075 S 37.10600 E UM3 1 

Philip Kiiru 1426 0.69880 S 37.09038 E UM3 2 

Evan Mwangi 1534 0.74159 S 37.07040 E UM3 3 

Jane Wanjiru Maina 1531 0.70034 S 37.05703 E UM3 3 

John Nyanja 1391 0.70542 S 37.10869 E UM3 1 

 

 

 

 

3.2. Pathways to improve synergies between AFS and food crops at plot level 
Surveys were undertaken in 2014 and 2015 to investigate the following issues:  

1. The self-food sufficiency of households in Muranga County 

2. Household production contribution to self-food sufficiency. 

3. Non-farm income contribution to self-food sufficiency. 

4. Farm incomes, particularly coffee, contribution to self-food sufficiency. 

 

According to the analytical framework presented below, food crops produced on farm were 

quantified by direct surveys of farmers’ households. The amount of money derived from 

coffee and other non-food crops and used to buy food to fulfil the household food requirement 

was also monitored as well as that originating from other incomes. 
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On Farm food Production  
 

On farm non-food 
Production 

 Coffee 

 Tea 

 Napier grass 

On- farm Income received 

 Sale of Milk 

 Sale of Manure 

 Sale of Napier Grass 
 

House Hold Food Self 

Sufficiency 

Off- farm Income received 

 Business 

 Pension 

 Casual Labor 

 Remittance 

 Official Employment 
  

 

It appears that most of the 150 households interviewed in the series of surveys were not food-

secure in terms of calories requirement for their households; households in the coffee zone 

were no better or worse than in the neighbouring tea zone (upland) or food crop zone 

(lowland).  

 
Food security status Coffee zone Food crop zone Tea zone Total 

Food Insecure 41 46 43 130 

Food secure 10 4  6 20 

 

The mean daily calories consumed by a typical household, was not different among zones. 

 
Ecological Zone Mean total calories consumed in a day per household & per zone  

Coffee zone 10 712 

Food Crop Zone 10 567 

Tea zone 10 029 

 

The figure below shows that households were dependant on a large variety of food crops 

produced on-farm to fulfil the daily household requirement; maize and beans are the major 

source of calories.  
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The figure below shows that the origin of money used to buy food is very diverse and that 

coffee accounts for around 15% and is much lower than dairy with 31%. Off-farm revenues, 

particularly remittance (9%) and small business such as shop (10%) are also quite important.  

 

 
 

 

Results of WP 3 
 

 Species inventory and measurement of all trees present in more than 200 farms. 

 Characterisation of the main cropping systems (coffee monoculture, coffee associated 

with trees, coffee and food crops, mixed food crops) predominating in target farms 

 Description of the traditional agroforestry knowledge and tree management by 

smallholders 

 Description of cow manure production and timing of organic amendment in coffee and 

food crop plots  

 Database on soil characteristics of all target farms.  

 Soil samples collected in all the cropping systems of these farms and soil analysis 

(carbon & nitrogen) undertaken for 188 soil samples.  

 Advices given by CRF to farmers on how to improve their soil fertility management 

 2 studies on assessing the shade effect and altitude at plot levels on coffee pests & 

diseases carried out. 

 7 graduate students (Kenya, Morocco, Spain, Thailand and France) trained and 

involved in research since onset of project. 

 One decision-support tool developed and put online to extension services advising 

farmers on shade tree selections according to local ecological conditions and farmers’ 

needs. 

 One international publication submitted “Turning local knowledge on agroforestry 

into an online decision-support tool for tree selection in smallholders’ farms”.  

 One study assessing the contribution of on-farm productions (food crops and non-food 

crops) and off-farm revenues to household food self-sufficiency.  
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WP4: Characterization of the AFS main-crop quality for value addition to 

farmers’ incomes 
 

4.1. Characterization of the quality of AFS products at plot level 
 

In 2014 and 2015, 117 coffee samples were harvested on 33 farmers’ fields in Muranga 

County (figure 4.1) and prepared by CRF. The fermentation and transformation process 

realized was the same for all the samples. Coffee samples were processed at the CRF research 

station of Ruiru. A sub-sample of “green coffee” (200 g), originating from each of the samples 

collected in the field, was send to Montpellier for NIRS analysis; the sensorial analysis will be 

done in CRF. The qualification of the samples was realized with the KF 05-174 methods of 

analysis of green coffee (Annexe 2). 

 

 

 
Figure 4.1: Localization of the field in Muranga County 

 

 

The selection was made based on the same three criterions that in previous year:  

 Altitude (along an altitudinal gradient going from 1380 to 1970 m),  

 Shade / Full sun 

 Coffee genotypes (traditional cultivar (predominantly SL28) versus improved one (R11) 

recently released).  

 

Each sample of coffee can be described with the specific parameters The repartition of the 

samples between these different parameters was described in table 4.1. The characterization 

of the samples was also described in table 4.5. 

 
Coffee samples collected by CRF received at CIRAD were registered with a specific laboratory 

number, and kept at -20°C until analyses. Ground samples were prepared from about 50 g of 

green coffee using a coffee cutting mill (Retsch, Z200). About 3 g of coffee powder were 

analysed by NIRS. 
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Table 4.1: Number of coffee samples according to variety, shade regime and altitude 

Variety 

Shade Altitude 
       Full sun 

  
Total Full 

sun 

Shade 
  

Total 
Shade 

Total 
general 1 2 3 1 2 3 

R11 5 12 9 26 11 13 3 27 53 

SL28 9 17 5 31 10 18 3 31 62 

SL28 and K7 
     

1 
 

1 1 

SL28 and SL34 
  

1 1 
    

1 

Total general 14 29 15 58 21 32 6 59 117 

 

The sensorial analyses were realised at CRF. The green coffee AB grade roasted to medium 

roast, weighed out as whole beans (five cups of each sample). The beans were ground 

immediately prior to cupping. During the testing, ten sensory attributes assessed for each 

coffee on a ten-point scale: Fragrance/Aroma, Flavour, Aftertaste, Acidity, Body, Balance, 

Uniformity, Clean Cup, Sweetness and Overall perception. 

 

A panel of six judges used in this study was selected from a pool trained and certified by 

Coffee Board of Kenya and Coffee Quality Institute of America. 

 

The statistical analysis of the sensorial analysis in relation with the parameters selected was 

realized. The results obtained on variety were described on table 4.2, those relative to the 

altitude on table 4.3 and those relative to shade conditions was reported on table 4.4.  

 
Table 4.2: Sensorial analysis of coffee samples according to variety 

Variety Fragrance Flavour Aftertaste Acidity Body Balance Overall 

Traditional 7.647 
a
 7.666 

a
 7.661 

a
 7.736 

a
 7.542 

a
 7.612 

a
 7.776 

a
 

Ruiru 11 7.592 
b
 7.607 

b
 7.621 

a
 7.685 

b
 7.540 

a
 7.595 

a
 7.706 

b 

Pr > F 0.003 0.001 0.064 0.011 0.832 0.285 0.001 

Significant Yes Yes No Yes No No Yes 

 
Table 4.3: Sensorial analysis of coffee samples according to altitude 

Altitude  Fragrance Flavour Aftertaste Acidity Body Balance Overall 

1762-1943 
 

7.640 
a
 7.636 

a
 7.661 

a
 7.704 

a
 7.545 

a
 7.610 

a
 7.749 

a
 

1647-1760 
 

7.611 
a
 7.644 

a
 7.643 

a
 7.717 

a
 7.539 

a
 7.603 

a
 7.745 

a
 

1377-1596 
 

7.611 
a
 7.637 

a
 7.621 

a
 7.719 

a
 7.539 

a
 7.600 

a
 7.737 

a
 

Pr > F 
 

0.325 0.929 0.340 0.792 0.875 0.868 0.899 

Significant  No No No No No No No 

 
Table 4.4: Sensorial analysis of coffee samples according to shade regime 

Status Fragrance Flavour Aftertaste Acidity Body Balance Overall 

Full Sun 7.616 a 7.628 a 7.647 a 7.716 a 7.537 a 7.605 a 7.745 a 

Shade 7.628 a 7.650 a 7.639 a 7.709 a 7.545 a 7.603 a 7.743 a 

Pr > F 0.50441 0.225 0.726 0.723 0.529 0.904 0.936 

Significant No No No No No No No 
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We can conclude than in our conditions: 

 traditional varieties had better fragrance, flavour, acidity and overall perception as 

rated by the panel. 

  Altitude and shade did not seem to have any significant effect on the sensory 

characteristics 

The results were similar to those observed the previous year on the 30 samples. With 

the technique of sensorial analysis, only the variety seemed to be an impact on the quality of 

the coffee. 
A NIRS 6500 monochromatic (Foss NIR Systems, Silver Spring, USA) was used to scan 

reflectance from 400 to 2500 nm at 2 nm intervals. Measurements were done with ring cups (50 

mm in diameter) filled with about 3 g of ground cacao powder. Data were saved at the average of 

32 scans and stored as log(1/R), where R was the reflectance at each wavelength. Spectra were 

acquired randomly, each sample being measured twice and the average spectrum stored. Spectra 

were mathematically corrected for light scattering by using the standard normal variation and 

trend correction. The second derivative was calculated on five data points and smoothed using 

Savitzky and Golay polynomial on five points.  

 

Statistical analyses were performed using Win-ISI II software (Intrasoft International, Port 

Matilda, PA, USA) and XLstat software (Addinsoft, Paris, France). 

The spectral database built with the 117 samples was compared to Cirad coffee database in order 

to check their conformity to classical coffee spectra and to apply prediction models developed in 

Cirad.  

 

NIRS predictive models were applied to these coffee samples in order to predict: dry matter 

(DM), caffeine, fat, trigonellin, sucrose and chlorogenic acids (CGA). The results for each 

samples were done table 4.5. 

 

Comparing the set of samples to this database consists of the calculation of their H Mahalanobis 

distances to the base. Then, if these distances are inferior or close to the limit (H ≤ 3), the 

predictive models can be applied. 

 
The projection of the 117 samples spectra on the Cirad PCA led to an average H distance equal to 

1.95 with a minimum of 0.85 and a maximum of 12.17. Six samples presented an H distance 

superior to 4 (Table 4.5). These samples were excluded to the set of samples used for the next 

analysis.  
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Table 4.5: NIRS determination of biochemical compounds content of green Kenyan coffee 
Name of farmer Variety Shade  Altitude DM Caffeine Fat Trigo Sucrose CGA GH 

Onesmas Mwangi SL28 Full sun 1731 90,87 1,23 13,06 0,98 8,80 8,92 0,85 

J. Mwangi Gatuiku SL28 Shade 1517 91,02 1,23 12,87 1,09 8,86 9,41 0,88 

Benson Gitau SL28 Shade 1525 91,34 1,37 14,92 1,01 8,40 9,11 0,90 

Francis Karengo  SL28 Full sun 1575 90,73 1,30 14,63 0,95 8,65 9,21 0,91 

Julus Warui R11 Shade 1580 91,91 1,29 13,70 0,94 9,59 8,41 0,92 
St. Maina Macharia SL28 Full sun 1659 91,06 1,25 14,31 1,03 8,18 9,03 0,94 

Wilson Mwangi R11 Shade 1494 92,09 1,59 14,99 0,93 7,90 9,46 0,94 

Peter Matheri  R11 Shade 1848 91,81 1,29 12,84 0,88 9,07 8,28 0,96 

Jeniffer Wangare R11 Full sun 1776 92,06 1,31 11,99 0,93 9,62 8,11 0,99 

Jessee Kimani Theuri R11 Full sun 1648 92,16 1,47 12,59 0,92 8,66 8,66 1,03 

Mugo Kibidyo R11 Full sun 1647 92,20 1,38 12,57 0,95 9,57 8,34 1,05 

Patrick Peter Ngire R11 Shade 1823 92,09 1,45 12,59 0,93 9,39 8,27 1,07 

Moses Kimwe R11 Shade 1593 92,04 1,50 13,33 0,88 9,28 8,50 1,08 

Mary Njeri R11 Fullsun 1933 92,22 1,25 13,77 0,94 9,78 8,21 1,08 

S. Githinji Gerorge SL28 Shade 1674 91,14 1,40 13,94 0,97 7,70 9,10 1,09 

Harison Karanja R11 Shade 1596 91,68 1,42 14,10 0,83 9,05 9,23 1,11 

David Kagika R11 Fullsun 1656 92,02 1,34 14,25 0,92 9,79 9,31 1,12 

Wilso N. Mwaniki R11 Fullsun 1857 92,31 1,28 11,58 0,91 10,04 8,01 1,13 

Benson Mwangi SL28 Fullsun 1694 91,65 1,38 13,48 1,01 8,12 8,64 1,13 

Jo. Mwangi Machibi R11 Fullsun 1892 91,94 1,36 12,51 0,94 9,54 8,58 1,13 

Muritu Kirenge R11 Shade 1793 92,27 1,34 12,96 0,86 9,68 8,72 1,14 

Wilfred Mundia SL28 Shade 1580 91,02 1,24 15,12 0,98 8,34 9,16 1,14 

Harison Kamanu SL28 Shade 1567 91,23 1,33 13,95 1,04 8,63 9,39 1,15 

Joseph Kamoche SL28 Shade 1705 92,14 1,39 13,64 0,92 8,33 8,92 1,15 

Abraham Githua R11 Shade 1677 91,76 1,45 12,96 0,91 9,13 8,98 1,16 

S. Githinji Gerorge R11 Shade 1674 92,43 1,35 12,78 1,01 9,21 8,25 1,17 

Julius Mbuya R11 Shade 1534 92,05 1,38 13,12 0,92 9,33 8,55 1,17 

Samuel Kirubi SL28 Fullsun 1864 91,27 1,31 14,44 0,93 8,73 9,06 1,20 

J.Gichimu Karatu R11 Shade 1562 91,15 1,47 12,88 0,93 9,00 9,12 1,20 

Francis Kariithi SL28 Shade 1715 90,97 1,37 13,98 0,95 8,35 9,00 1,21 

Samuel Maciira R11 Shade 1853 92,02 1,38 12,39 0,96 9,70 8,42 1,21 

Elias Maina Gatura R11 Fullsun 1903 91,92 1,32 11,74 0,97 10,24 8,12 1,24 

Edson Gikonyo SL28 Fullsun 1573 90,99 1,31 15,23 0,89 9,17 9,01 1,24 

Stephen Kigondu SL28 Fullsun 1810 90,90 1,31 15,42 0,85 8,94 9,46 1,27 

Ephantus Gichugu SL28 Shade 1689 91,07 1,29 12,36 1,02 8,72 9,10 1,28 
Samwel K. Thairu SL28/K7 Shade 1848 91,23 1,32 14,15 0,96 9,38 9,20 1,28 

Michael Kabugu R11 Fullsun 1876 92,29 1,35 12,70 0,90 9,52 8,25 1,28 

Francis PM Wilson SL28 Fullsun 1402 90,52 1,33 14,38 1,09 8,85 9,86 1,32 

John Karina R11 Fullsun 1939 92,33 1,38 12,46 0,93 9,65 8,40 1,32 

Monica Wamaitha R11 Shade 1377 92,46 1,37 15,44 0,89 8,31 10,21 1,33 

Kihara Komu SL28 Fullsun 1821 91,02 1,18 14,53 0,99 8,52 8,98 1,33 

James Kariuki Chege R11 Shade 1697 92,42 1,43 13,47 0,85 9,93 8,65 1,34 

Kora Factory R11 Fullsun 1689 92,39 1,29 12,62 0,95 8,92 8,10 1,34 

James Rugi SL28 Shade 1823 91,22 1,31 13,66 0,93 8,23 9,06 1,35 

Peter Mwangi R11 Fullsun 1549 92,30 1,45 13,53 0,84 9,46 8,70 1,35 

Stephen Karibu SL28 Shade 1835 91,46 1,38 13,29 0,91 8,20 8,39 1,35 

Francis Maina R11 Fullsun 1925 92,27 1,35 11,08 0,89 8,46 7,58 1,37 

Wilson Ngahu SL28 Fullsun 1430 91,18 1,40 13,23 1,02 8,45 9,49 1,39 

Charles Mwangi R11 Shade 1693 92,45 1,31 12,52 0,98 8,96 8,27 1,40 

Ephantus Waimiri R11 Shade 1818 92,58 1,35 12,44 0,86 8,69 7,99 1,41 

Benard Mwati R11 Full sun 1534 92,18 1,30 12,60 0,98 10,25 7,97 1,42 

Isaac Mwangi R11 Shade 1675 92,45 1,37 12,67 0,95 8,93 8,90 1,43 

Grace Waruinu R11 Fullsun 1867 92,54 1,42 12,62 0,92 9,95 9,17 1,44 

Phyllis Mugechi R11 Fullsun 1389 92,51 1,52 14,18 0,91 9,51 9,48 1,44 

Benson Gacii SL28 Fullsun 1752 90,76 1,35 13,35 1,01 8,18 9,21 1,46 

Phillip Kamau Muya SL28 Shade 1659 90,93 1,48 14,41 1,02 7,26 9,34 1,47 

Joseph Maina Kabui R11 Shade 1859 92,26 1,22 12,23 0,93 9,94 8,28 1,47 

Grace Njeri R11 Shade 1377 92,31 1,26 14,04 0,85 9,91 8,99 1,48 

Simon Migwi SL28 Fullsun 1487 90,85 1,16 15,50 0,95 9,19 9,62 1,48 



49 

 

Dishon Muraguri R11 Fullsun 1575 92,11 1,31 11,92 0,95 9,86 8,58 1,49 

Stephen Kigondu SL28 Shade 1810 90,83 1,36 15,61 0,86 8,25 9,87 1,49 

Francis Gathima SL28 Fullsun 1455 91,31 1,56 15,45 1,01 7,90 9,77 1,50 

Phillip Ndegwa SL28 Fullsun 1762 91,16 1,27 13,38 0,95 8,93 8,50 1,50 

Peterson Ngunju SL28 Fullsun 1383 90,95 1,42 12,86 1,02 9,06 9,47 1,51 

James Maingi R11 Fullsun 1556 92,97 1,34 13,15 0,93 9,35 9,47 1,51 

Naftari Ngire Sl28 Fullsun 1792 91,35 1,22 14,60 0,96 9,33 9,12 1,52 

Harison Thiongo SL28 Shade 1591 91,05 1,29 16,11 0,81 8,65 9,26 1,54 

Keneth Wachira R11 Fullsun 1680 92,38 1,34 12,28 0,90 9,13 8,23 1,55 
Nah. Gichohi Muiga R11 Shade 1568 92,32 1,45 12,99 0,89 9,06 8,88 1,55 

Peter M Githua R11 Fullsun 1855 92,89 1,32 13,28 0,98 8,59 8,69 1,58 

Njoki Ngare R11 Shade 1685 92,31 1,46 11,88 0,98 8,81 8,57 1,58 

Cecilia Muritu R11 Fullsun 1793 92,06 1,34 13,25 0,91 10,11 8,77 1,58 

James Kinyati R11 Fullsun 1696 92,32 1,43 12,01 0,95 9,31 8,35 1,59 

J. Mungiru Waithaka R11 Fullsun 1678 92,76 1,53 11,38 0,90 9,30 8,45 1,59 

Charles Muchiri R11 Shade 1933 92,71 1,27 11,76 1,00 8,59 8,63 1,59 

Agnes Wairimu SL28 Fullsun 1747 91,52 1,38 12,75 1,05 8,48 8,33 1,60 

James Maingi SL28 Shade 1556 90,94 1,30 15,84 0,89 8,65 9,67 1,63 

Jacob Muchiri R11 Fullsun 1645 91,78 1,17 13,04 0,92 10,26 8,91 1,63 

Edward Wambugu R11 Fullsun 1786 92,57 1,32 11,13 0,90 9,80 8,44 1,64 

Joseph Maina R11 Shade 1389 92,70 1,44 13,15 0,92 9,88 8,96 1,65 

John Muraguri SL28 Shade 1584 91,04 1,34 14,65 0,96 7,58 9,51 1,66 

Andrew Maina Kioni R11 Shade 1796 92,38 1,29 11,30 0,90 9,81 8,42 1,73 

Wash. M. Kimani R11 Shade 1404 92,72 1,24 11,66 1,00 9,14 8,51 1,74 

Edward Waiguru SL28 Shade 1732 91,22 1,45 13,61 0,91 7,12 9,14 1,75 

J. Mwangi Kanu R11 Shade 1794 92,78 1,33 11,61 0,92 9,44 8,32 1,76 

Michael Kabugu SL28 Fullsun 1897 91,15 1,24 14,34 0,93 8,24 9,26 1,82 

Elias Karuri R11 Fullsun 1760 93,02 1,48 12,69 0,93 8,39 8,96 1,85 

Mwangi Gichuke SL28 Fullsun 1703 91,34 1,30 13,93 0,99 8,84 9,33 1,87 

Julius Warui SL28 Shade 1580 90,89 1,37 14,54 0,91 8,93 9,39 1,88 

Grace Wambui SL28 Shade 1734 91,32 1,24 14,43 0,95 8,70 9,36 1,95 

Grace Waruinu SL28 Fullsun 1867 90,78 1,30 14,28 0,92 8,98 9,29 2,05 

Benson Gacii Sl28 Shade 1752 91,13 1,20 14,99 0,95 8,23 9,50 2,08 

L. Macharia R11 Shade 1703 92,45 1,28 12,10 0,83 10,43 8,03 2,15 

Nahashon Kariuki SL28 Fullsun 1674 91,19 1,24 14,00 0,97 9,17 9,49 2,33 

Julius Mukenye SL28 Shade 1820 90,61 1,33 14,68 0,94 8,64 9,35 2,43 

Jonson M Maina SL28 Shade 1778 90,81 1,29 15,18 0,89 8,69 9,14 2,45 

Charles Maina Kinja SL28 Shade 1788 90,70 1,29 14,84 0,92 8,13 9,33 2,50 

Simon Peter Kabugu SL28 Fullsun 1733 90,77 1,31 13,71 0,95 9,01 8,64 2,60 

Andrew Maina Kioni SL28 Shade 1796 90,87 1,33 13,29 1,00 8,05 9,41 2,76 

Duncan Thiongo SL28 Fullsun 1943 90,93 1,30 13,61 0,97 7,90 9,46 2,89 

Peter Kinyugo SL28 Fullsun 1704 91,17 1,35 12,66 0,94 8,66 8,98 2,89 

John Karina SL28/SL34 Fullsun 1934 91,00 1,28 13,71 1,09 8,32 9,53 3,04 

Mirium W. Irungu SL28 Fullsun 1677 91,11 1,19 14,14 1,00 8,83 9,47 3,05 
S. Mwangi Githinji SL28 Fullsun 1759 90,81 1,27 15,11 0,96 7,47 9,16 3,22 

E. Njambi Mwangi SL28 Fullsun 1540 91,06 1,31 14,14 0,99 8,61 9,20 3,28 

Mary Benard SL28 Fullsun 1722 90,73 1,34 14,34 0,94 7,79 9,25 3,46 

Moses Kimwe SL28 Shade 1593 91,09 1,30 15,29 0,92 7,87 9,41 3,58 

Peter M. Gateri SL28 Fullsun 1711 90,83 1,18 14,02 1,03 8,85 9,39 3,68 

Peter Muthithi Sl28 Fullsun 1853 90,63 1,26 15,10 0,91 8,16 9,72 3,80 

James Minjire SL28 Shade 1854 90,94 1,23 14,71 0,96 8,15 9,16 3,82 

Jacob Muchiri SL28 Shade 1645 90,58 1,23 13,92 0,98 9,74 9,74 3,89 

Jonathan Muchiri SL28 Shade 1744 90,70 1,10 14,91 0,96 8,95 10,06 4,32 

James Kariuki Chege SL28 Shade 1697 91,01 1,21 14,41 1,03 8,69 9,68 5,24 

Samwel Kirubi SL28 Shade 1864 90,68 1,34 14,81 0,96 8,12 9,74 5,37 

Harry Jones SL28 Fullsun 1483 91,10 1,16 14,95 1,01 8,60 9,73 5,87 

Nderu Mwangi SL28 Shade 1918 91,18 1,25 15,20 0,94 7,87 9,01 11,35 

H. Maina Muraguri SL28 Shade 1570 92,82 1,33 14,64 1,01 8,38 9,11 12,17 
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4.2. Drivers of the quality of AFS products at plot level and at first transformation 
Prediction of chemical composition of coffee 

 
NIRS predictive models were applied to these coffee samples in order to predict: dry matter 

(DM), caffeine, fat, trigonellin, sucrose and chlorogenic acids (CGA). The overall (111 samples) 

descriptive statistics are reported in Table 4.6. Dry Matter content ranged between 90.52% and 

93.02%, with an average content of 91.63%; these values correspond to relatively high moisture 

content for commercial coffees. 

 
Table 4.6: Descriptive statistics of predicted values for each constituents of coffee 

Variable N Minimum Maximum Mean SD 

DM 111 90,520 93,018 91,635 0,697 

Caffeine 111 1,158 1,590 1,335 0,085 

Fat 111 11,075 16,107 13,518 1,159 

Trigonellin 111 0,811 1,092 0,944 0,055 

Sucrose 111 7,124 10,434 8,913 0,703 

CGA 111 7,584 10,205 8,936 0,518 

 
The different contents of biochemical compounds were similar to those characterize in the 

previous samples.  

 

However, in contrast with year 2013, the content of all the biochemical constituents are 

significantly different between the two varieties (Table 4.7). 

 

In 2013, only the fat content was significantly different between the two studied varieties. There 

were the different ones between the other contents without those being statistically significant. In 

2014, the number of coffee samples being more important (111), the differences in contents for 

the whole of the proportioned compounds prove statistically significant between variety. The fat 

contents, sugars and in acids chlorogenic are marked. 

 
Table 4.7: Descriptive statistics of coffee samples according to variety parameter 

  variety N Minimum Maximum Mean SD 

DM R11
a
 53 91,154 93,018 92,284 0,344 

  SL28
b
 58 90,520 92,142 91,041 0,280 

Caffeine R11
a
 53 1,174 1,590 1,364 0,086 

  SL28
b
 58 1,158 1,560 1,308 0,076 

Fat * R11
 a

 53 11,075 15,439 12,733 0,920 

  SL28
b
 58 12,364 16,107 14,236 0,849 

Trigonellin R11
a
 53 0,827 1,013 0,922 0,042 

  SL28
b
 58 0,811 1,092 0,965 0,057 

Sucrose R11
a
 53 7,904 10,434 9,382 0,558 

  SL28
b
 58 7,124 9,736 8,484 0,526 

CGA R11
a
 53 7,584 10,205 8,597 0,476 

  SL28
b
 58 8,333 9,868 9,246 0,327 
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Following these observations of contents according to the varieties, the analysis of the other 

factors (shades and altitude) being able to exploit the composition were carried out on the 

whole of the samples and then specifically on each variety. 

 

The influence of the shade on the contents of biochemical compounds of the raw coffee are 

deferred in Table 4.8. Only the content of trigonellin is influenced by the quality of the shade 

of the coffee-trees. That is significant for variety SL 28 whereas it does not have it for R11. 

This molecule operates in the bitterness of the coffee, however these differences in contents 

do not play a priori a part marked in the perception of our coffees since it is not to note 

sensory differences in our samples. 

 
Table 4.8: Descriptive statistics of coffee samples according to culture practice 

 
Culture practice N Minimum Maximum Mean SD 

DM 
Shade 54 90,58 92,78 91,655 0,68 

Full sun 57 90,52 93,02 91,615 0,72 

Caffeine 
Shade 54 1,20 1,59 1,345 0,08 

Full sun 57 1,16 1,56 1,325 0,09 

Fat 
Shade 54 11,30 16,11 13,627 1,19 

Full sun 57 11,08 15,50 13,415 1,13 

Trigonellin 
Shade 

a
 54 0,81 1,09 0,933 0,06 

Full sun 
b
 57 0,84 1,09 0,955 0,05 

Sucrose * 
Shade  54 7,12 10,43 8,814 0,72 

Full sun 57 7,47 10,26 9,007 0,68 

CGA 
Shade 54 7,99 10,21 8,966 0,50 

Full sun 57 7,58 9,86 8,908 0,54 

 

 

The results of the composition of biochemical of the coffee according to altitude are deferred 

in Table 4.9.  

 
Table 4.9: Descriptive statistics of coffee samples according to altitude parameter 

  variety N Minimum Maximum Mean SD 
DM * 1377 à 1596  33 90,52 92,97 91,60 0,70 

  1645 à 1848
 
 59 90,58 93,02 91,60 0,69 

  sup à 1848  19 90,63 92,89 91,81 0,72 

Caffeine 1377 à 1596 
a
 33 1,16 1,59 1,36 0,10 

  1645 à 1848
 ab

 59 1,17 1,53 1,33 0,08 
  sup à 1848 

b
 19 1,22 1,42 1,31 0,06 

Fat * 1377 à 1596 
a
 33 11,66 16,11 14,05 1,14 

  1645 à 1848
 b

 59 11,13 15,61 13,37 1,07 
  sup à 1848 

b
 19 11,08 15,10 13,07 1,18 

Trigonellin 1377 à 1596 33 0,81 1,09 0,94 0,07 
  1645 à 1848

 
 59 0,83 1,05 0,94 0,05 

  sup à 1848 19 0,89 1,09 0,95 0,04 

Sucrose 1377 à 1596  33 7,58 10,25 8,93 0,64 
  1645 à 1848

 
 59 7,12 10,43 8,85 0,72 

  sup à 1848  19 7,90 10,24 9,08 0,77 

CGA * 1377 à 1596 
a
 33 7,97 10,21 9,18 0,47 

  1645 à 1848
 b

 59 7,99 9,87 8,87 0,47 
  sup à 1848 

b
 19 7,58 9,72 8,73 0,59 
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The results prove almost identically whether they are analysed on the whole of the samples or 

they are analysed variety by variety. The caffeine contents, fat content and chlorogenic acids 

significantly show different response according to altitude. The contents of these compounds 

are more important in the lowest altitudes. In 2013, a similar tendency on the fat contents and 

of acids chlorogenic had been observed. It thus seems that the altitude of the plantation is an 

important effect on biochemistry of the development of its composition and coffee bean. 

However, in our study, the evolution of these compositions was not connected to differences 

sensory at the time of tasting of the coffee drink. 

 

The results got on a significant number of coffee samples partly confirm the results observed 

on our preceding trials. The characterization of the coffees according to the studied 

parameters watch that contents of biochemical compounds: 

 are influenced little by the shade and those whatever is the studied variety. 

 are influenced by the altitude of the coffee plantation. 

 

The fat contents, acid chlorogenic are influenced significantly in the two varieties  

An influence on the content caffeine, is also noted but significant only for the variety Ruiru 

11. 

 

The variety is a factor discriminating on the biochemical composition, the fat content being 

constituent the most different between the varieties SL28 and Ruiru 11. 

 

The sensory analysis carried out in parallel on these samples does not have as for it: 

• not to show differences according to the shade or of altitude 

• leads to a discrimination of the varieties on 5 of the 8 descriptors, with a light 

preference for traditional variety SL28. 

 

We could not in this work show direct relationship between the biochemical composition and 

the sensory analysis. 

 

 

 

 

Results of WP 4 
 Selection and description of 30 sites for study on the effects of shade, genotype and 

altitude on coffee quality  

 Collection and processing of 30 samples in target farms. 

 Characterization of the biochemical composition (DM, caffeine, Fat, Trigonellin, 

sucrose and CGA) by NIRS 
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2.2.4. Madagascar 
Country leader: Dr Michel JAHIEL  

 CTHT - BP 11 - Tamatave - Madagascar 

 ctht@moov.mg  

 

 

 

WP1: Management 
 

1.1. Identification of target farms and communities 
This year the activities concentrated in the area of Fenerive Is (zone of concentration of the 

collection of nails and petrol of clove). The works were especially undertaken in the 

communes of Ambodimanga II and Ambatoharana. The activities were carried out in 

collaboration with the persons in charge of the communes and Fonkontany (subdivision 

administrative of the communes) and local partners (CTHT, ESSA, University of Sciences). 

 

1.2. Creation of multi-sector Advisory committees and External advisory panels 
A local committee had been created during the first year of the program. However, it was not 

possible to join together it this year because the political situation did not allow it. However, 

the information concerning the activities of the project are regularly disseminated with the 

members of this committee. 

 

The sector was however recently structured with the creation of the GEGM (Grouping of the 

Exporters of Clove of Madagascar) whose President now belongs to the members of the 

follow-up committee of the Project. This implication should allow better a diffusion of the 

search listings. 

 

1.3. Scientific coordination of the funded operations and the network 
For Madagascar, the activities and the budget appropriations of the project are planned at 

regular meetings gathering the whole of the scientific partners (CIRAD, CTHT, ESSA). 

 

1.4. Capacity building and capitalization of knowledge 
Capacity building consisted in many trainings of technicians and students. 

 

 

 

Results of WP 1 
• Regular meetings of the scientific partners to improve the realization of the activities. 

• Contribution to the creation of a grouping of exporters for better targeting the research 

actions in support with this sector. 

 

 

mailto:ctht@moov.mg
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WP2: Characterisation of farming systems and identification of long term drivers 

at household and landscape levels 
 

The clove (Syzygium aromaticum L. MERR and L.M. PERRY) is a plant originating in the 

Moluques islands. Introduced in Madagascar at the beginning of the nineteenth century, its 

mode of plantation evolved according to knowledge on the tree and its culture, of the food and 

monetary needs for the populations. One finds the clove in 3 types of plantation: 1) in 

“monoculture”, generally old and residual exits of old plantations, 2) in “parks”: associated 

with annual cultures around a rotation rice/sweet potato/cassava/pastures and 3) in “complex 

agroforestry systems” associated with other fruit trees or wood. It is exploited mainly for its 

not opened out floral buttons called cloves. The sheets are also distilled to obtain petrol. In 

Madagascar, these two types of productions are mainly intended for export. Since the 

introduction of the plant, the culture of the clove quickly developed along the Malagasy east 

coast, area favourable to this culture. It currently occupies an important place in the economy 

of the country and especially on the Malagasy east coast (Danthu et al. 2014).  

Currently, on the three types of cultivation systems of the clove identified, most common is 

the park planted with trees (Lobietti, 2013) or simple agroforestry system (Michels et al., 

2011) is organized in association of food crops, of pastures and cloves sometimes associated 

with other more or less isolated fruit trees. The complex agroforests (Danthu, 2013) or 

agroforestry systems (Michels et al., 2011) are occupied dense plots mainly by ligneous 

family with a strong variability in term of species and possibly multi-layers. Lastly, 

monocultures are made up exclusively of cloves. It appears interesting for a given territory, to 

know the surfaces occupied by each type of cultivation system in order to evaluate the 

potential of production of the clove fields, their respective place and possibly dynamics 

around these systems. 

In Madagascar, the surfaces occupied by the culture of the clove remain badly known. The 

statistics show an exaggerated swelling of surfaces between the years 1970 and the years 

2000. Only the figures on the production are correct. This is due to the fact that the clove plots 

have very disparate densities of plantation between 10 and 400 trees/ha, in particular the 

parks. One cannot thus reason in terms of strict surface but rather of number of tree per unit of 

area. This original study brings elements of knowledge on the surfaces occupied by the 

various types of clove plots, their space organizations and their evolutions in time. This 

information is essential for the improvement of the management of the sector and will make it 

possible to better understand also dynamic territorial plantation, replanting and of evolution of 

the systems according to the local country strategies on the management of the plots. In a 

more general way, these new data on the clove plots and their space organization should help 

with the development of effective strategies for a more effective and more durable 

development of the clove. 

This study is based on a method of cartography of the clove plots of 2010 and 1965 by 

techniques of tele-detection. The photo-interpretation, one of the oldest techniques of remote 

sensing, was retained because it allows on the one hand the identification of various forest 

species (Carleer and Wolf, 2004), and on the other hand, to very develop air photographs of 

1965 before the appearance of the satellite data with space high-resolution. The principle is to 

establish “keys of interpretations” making it possible to a photo-interpreter to identify the 

various types and cultivation systems of cloves on satellite images with very space high-

resolution and on old air photographs. This study was financed by the AFS4Food project 
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whose objective is to reinforce the food safety of the rural households of Africa by a better 

association of the food crops and agroforestry systems.  

The commune of Ambatoharanana (figure 2.1), zone of study of the project was retained to 

conduct this study. Two missions of raised of data on the ground were carried out in order to 

refine the identifying information in March 2014 and in May 2015 and to validate work of 

photo-interpretation. The developed approach was used to produce data of presence of the 

clove plots on two dates of reference, 1965 and 2010. A diachronic analysis was carried out in 

order to better understand the evolution of the distribution and the organization of the clove 

plots in the commune and the strategies of occupation of space adopted by the owners for this 

culture. This commune is also the place of other studies on the systems of production, the use 

of the stills and the production of petrol, the use of the firewood and the replanting, carried 

out between 2012 and 2015. It constitutes a commune of reference rather representative of the 

central zone of East Fénérive. 

 
 
Figure 2.1: Localization of the study zone (after FTM data, scale: 1:500000) 

 

1. Materials and methods 

The clove plots of the commune of Ambatoharanana were located and charted using satellite 

images taken by the Worldview2 satellite. The data were produced by DigitalGlobe Inc. and 

via Fugro Maps GMBH. These images were acquired the March 3rd and 11th, 2010. A 

mosaic of 7 images covers the commune. The data Worldview 2 are of type “Enhanced 

Standard Imagery” (Improved Standard Imagery) with a level of pre-treatment 2A, i.e. which 

they made the object of a radiometric treatment and correction of the geometrical distortions 

and optics related to the sensors (DigitalGlobe, 2015; Cheng and Chaapel, 2010). They also 

were the object of geometrical corrections which are: (I) adjustment of the distortions using a 
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digital model of rise without the use of check-point on the ground (Cheng and Chaapel, 

2010); (II) and a projection in the frame of reference UTM WGS-84 Zones 39 South. The 

images were not ortho rectified and they were available only in colour composite (Figure 2.2 - 

a) to the colours natural sampled with a space resolution of 50 cm thanks to the fusion of the 

multispectral bands of 1.84 m resolution with the panchromatic band of 0.46 m resolution. 

The multispectral bands were not available. On the images, deposit rate cloudy on the 

commune is of 3%, that is to say 324 ha on a total of 9321 ha. 

For the diachronic study, monochromic air photographs were used (Figure 2.2 - b). They were 

taken at the time of the mission of air overflight V42-43/250 by an appendix of the French 

National Geographical Institute with Antananarivo in 1965 (FTM Madagascar). The goal of 

this mission was to gather data for the edition of a new series of maps of occupation of the 

soil of the region of Fénérive East to the 1:100000 whose first specimens were published in 

1976 (FTM Madagascar). The focal room used is of A21 type with a focal distance of 

125mm. Stereoscopic covering varies between 40 and 50% while side covering is about 10 to 

15%. 6 drawn stereotypes on photo paper were used within the framework of this study and 

cover 62% of the total surface area of the commune of Ambatoharanana, that is to say 5779 

ha out of 9321 (Figure 3). The takings of sight were carried out at the end of the morning and 

at the beginning of afternoon. (IGN). 

 

 
Figure 2.2: Comparison of the aerial photographs and the Worldview2 images on the same zone.  

(a) Worldview2 (b) Aerial photography 

 

In remote sensing, the interpretation and the classification of the basic satellite images and 

average resolution is generally based on the pixels. Indeed, according to the resolution, a pixel 

can represent one or more elements of the occupation of the soil. Nowadays, the evolution of 

the sensors embarked on board satellites makes it possible to buy the increasingly fine data 

acquisition to space resolution. For images of a metric or infra-metric resolution, 
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interpretation by pixel seldom gives satisfactory results. Indeed, with this kind of resolution, 

certain classes of objects such as the agricultural trees, plots or the buildings are represented 

by several pixels. Intraclass spectral variabilities become increasingly important then with this 

improvement of the space resolution of data (Yu and Al 2006). A traditional classification by 

pixel often led for a purpose scattered of the classified pixels, more usually known under the 

name of effect “pepper and salt” (Weigh and Riggan, 2010). 

 
Figure 2.3: Map showing the commune covered by the aerial photographs of 1965. Mention “P_XXX” refers to 

the numbers of stereotype. 

 

The quality and the resolution of satellite images THRS reach levels of details close to the 

aerial photographs. For example, the satellite images with metric or infra-metric resolution of 

type Ikonos or Quickbird have a precision about that of an aerial photograph taken on a scale 

of 1:15000 (Provencher and Dubois, 2006). Thus, the techniques of photo-interpretation used 

with the aerial photographs can be adapted to the interpretation of satellite images THRS.  

The approach developed in this work is based on the operational approach recommended by 

Provencher and Dubois in 2007. This approach is organized in several stages of which a phase 

of observation and delimitation of the objects. The studied objects are then characterized in 

order to define the criteria which make it possible to recognize them. Lastly, keys of 

interpretation are established according to a certain number of criteria specific to the object, 

relative to its appearance, and external with this one (Provencher and Dubois, 2007) (see 

Table 1). A stage of checking on the ground is necessary to evaluate the effectiveness of keys 

and if need be to rectify them.  
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Object property Relatifs à l’apparence de l’objet External to the object 

Forme 
Hauteur 
Taille 

Teinte (pour les images en couleur) 
Tonalité (pour les images en niveau de gris) 
Texture 
Structure 

Echelle d’observation 

Eclairage (Heure de prise de vue) 

Saison et conditions météorologiques 

Environnement 

Table 2.1: Criterion of characterization of an object on an aerial photograph (Provencher et Dubois, 2007) 

The work of photo-interpretation is focused on the identification of two types of objects: the 

clove and clove plots, composite objects formed by the aggregation of clove. Initially, the 

criteria making it possible to identify the clove individually and to distinguish it from the 

other species of trees were required. Then, according to the three groups of criteria defined by 

Provencher and Dubois (see Table 1) the clove plots were identified and described according 

to the three types of cultivation system which are (I) the raised parks, (II) monocultures and 

(III) agroforests. 

The contrast raised between the appearance of the clove plots and other elements such as the 

naked soils, the pastures, the rice plantations and the dwellings make it possible to easily 

distinguish them from the latter. On the other hand, the delimitation becomes complicated and 

becomes a little arbitrary when the clove plots are in a medium with strong density of 

vegetation, which is the case of the forest zones or the agroforests. It is thus important that the 

description of the criteria specific to the objects is most precise possible in order to reduce to 

the maximum the mistake in interpretation.  

The observation of the clove plots and the establishment of the criteria allowing their 

identification were carried out directly on the images Worldview 2. The first observations 

were facilitated by the availability of the coordinates of the plots of cloves and their structural 

knowledge visited by Lobietti in 2013 for the AFS4Food project. The types of cultures 

associated with these geographical coordinates were available. These points were 

superimposed on the images and made it possible for the first time to recognize the cloves, 

and the clove plots on the images. The use of these images did not require particular 

complementary treatment. On the other hand, the use of the aerial photographs required some 

geometrical corrections. It was necessary to geo-reference these images and to correct the 

distortions caused by the viewing angle of the aerial photographs using geographical points of 

reference in parallel identified on the images Worldview 2. 

The least quality of the aerial photographs (see figure 2 - b) made the work of clove plots 

location more delicate and less precise. To facilitate the localization of these objects on the 

aerial photographs, the vectorial layer of the clove plots seized starting from the satellite 

images was superimposed on the georeferenced aerial photographs. Indeed, certain 

plantations of 1965 exist still currently even if their organization could evolve: a monoculture 

could have become a park or an agroforest for example. The zones concerned were studied in 

first to locate the clove plots on the aerial photographs and to emit the criteria which make it 

possible to identify them. 

For each year under reviews, 1965 and 2010, a georeferenced vectorial layer of the clove plots 

of the commune of Ambatoharanana was established on the basis of key of beforehand 

definite identifications. 

A field work was necessary to validate and adjust the keys of interpretation. This work also 

made it possible to validate the identification and the cartography of the clove plots. A sample 

of fifteen plots located beforehand by photo-interpretation was visited during a first field visit 
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which took place from March 24
th

 to March 29
th

, 2014. The plots were sampled in order to be 

representative of the three types of cultivation systems of the clove. On the field, additional 

information was collected to adjust the keys of interpretation. The fifteen plots were also 

selected according to their accessibility and in particular according to their proximity of the 

tracks and observable paths on the satellite images 

One second mission on the field was organized between on May 15th and on June 1st, 2015 

with Ambodivohitra, fokontany localised in the northern part of the commune of 

Ambatoharanana. The objective of this mission was, on the one hand, to identify on the field 

of the old plantations going back to before 1965 while being based on testimony from the 

owners from the plots. The presence of these plots among those identified on the aerial 

photographs was checked thereafter. That thus makes it possible to check the effectiveness of 

the interpretation carried out on these data. In addition, several additional plots were visited 

with their owners to evaluate the quality of the photo-interpretation on the satellite images. 

This second validation on the field also made it possible to locate plots not located by photo-

interpretation and to partly identify the factors at the origin of the omissions concerned. 

 

2. Results 

Characterization of the clove plots starting from the Worldview 2 images 

On the basis of bibliographical knowledge acquired on the clove and of data of presence of 

clove plots, the following identifying information were established for the recognition of the 

cloves of the zone of study (Figure 2.4). 

 

 
Figure 2.3: Appearance of the cloves and clove plots on a Worldview2 image. Monoculture in white, Park raised 

in blue and Agroforest in red 

The Figure shows that: 

- circular specific form of variable size, 3 to 9 meters in diameter (corresponding to the 

crown of the tree); 
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- green colour, relatively high colour compared to the surrounding vegetation, to note 

the presence of a central spot sinks on certain cloves; 

- presence of fine grains of low density with a uniform distribution on the crown, but 

the grains can sometimes miss in the event of low dimension of the crown; 

- shades projected very clear (significant component contributing to the identification; 

- association of cloves within clove plot. 

 

In the same way, the following criteria were established for the identification of the various 

types of clove plots in the zone of study (Figure 2.4):  

 

- The monoculture 

o Irregular geometrical areal form; 

o Colour higher than the other types of agricultural plots; 

o Homogeneous and directed oolitic texture, coarse elements fairly dense; 

o Punctuated structure, more or less ordered in distribution (often regular 

distance between elements) 

o Density of rather important plantation higher than 100 trees with the hectare. 

 

It is important to specify that this kind of culture is easiest to recognize from the relatively 

ordered organization of the cloves which constitutes it.  

 

- The raised park:  

o irregular areal form (nonspecific and nonlinear form) geometrical or not; 

o colour relatively higher than that of the other types of agricultural plots; 

o textures of oolitic type (grains in the fish egg shape) heterogeneous, average 

with coarse of variable density according to the plots, but average in general 

(depends on the size of the crowns of cloves); 

o generally punctuated structure, diffuse organization has ordered tendency, 

distribution less uniform than in the mono plantations specific (monocultures) 

even irregular (the distance between the elements varies from 3 to 15 meters). 

 

It should be noted that there exists a great diversity of park raised according to the provision 

of the cloves and the use of grazed or cultivated interstitial spaces. However, the cloves 

remain “clear” in these types of plot and easily identifiable. 

 

- The agroforest 

o forms areal geometrical irregular or not geometrical; 

o tints less low than the specific mono plantations and raised parks, with dark 

tendency 

o textures oolitic heterogeneous and random distribution pseudonym, elements 

end with coarse 

o punctuated and disordered structure, non-uniform distribution and very 

variable density; 

o laminated vegetable cover constituting a strong constraint with the observation 

of the cloves. In particular, the presence of the large trees constitutes a limit 

with the observation of the crowns of cloves. The cloves are small trees and the 

crown can be masked by that of the larger trees. 
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Useful elements to understand variable appearances of the clove plots were collected on 

the field: 

- young cloves are generally replanted in the plots at the age of 1 year with one 

population density average between 280 and 620 trees/ha and a spacing between feet 

from 4 to 6 meters; 

- Intercropped annual cultures in the raised parks can vary from one year to another, 

what has, as a consequence, a variability of the appearance of the plots on the satellite 

images according to the practised type of subjacent culture (Figure 5). Traditional 

rotation is rain rice at year 1 then several years of cassava and then fallow or pastures 

over several years. 

 

 

 

Figure 4.4: Great variability of the appearance of the raised parks (Park raised with culture in white, grazed or 
weeded in red) 

 

- The young cloves replanted in the plots require shade to develop correctly. Thus, 

cultures of cassava or albizzia for the wood of heating or the fruit trees are thus 

associated with the clove to provide him the shade necessary to its good growth. It 

thus appears delicate, even impossible, to identify by photo-interpretation of images 

THRS the young plantations and push back them. Moreover, crowns of the young 

clove trees are identifiable on the satellite images only when they have a sufficiently 

broad size compared to the space resolution. For our data of space resolution of 50cm, 

our observations showed that a clove is recognized when it has a crown at least two 
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meters in diameter with the dark part in the centre. This size generally corresponds to 

the sixth year of a normal clove with growth. With this age, the foliage is sufficiently 

dense to be cut and the seedlings start to also produce nails. 

- The cloves present in the agroforests are often young. They are seedlings raised in 

seedbeds. Beyond of a year, they are moved in arranged plots so that they can develop 

and be productive. According to the owners of the plots, the adult clove needs sun. 

The plantations of raised the monocultures type or park are thus privileged. The adult 

cloves in the agroforests are consequently individuals isolated and scattered in the 

middle of fruit trees or of trees intended for the wood of heating.  

 

Taking into account the criteria of observations established and observations of field, keys of 

identifications of the clove plots were defined (Table 2). 

  
A Aggregation (plantation) of trees of circular form of variable 

size from 3 to 9 m, colour raised compared to the environment; 

contour is neat or not 

See B 

B Cover with 90% and more surface of the plot by the crowns of 

trees, presence connects several species of trees 

See D 

B Spacing between the individuals is lower than 4m No- clove plot 

B Spacing higher than 4m, presence sometimes of task sinks in 

the centre, presence sometimes of fine grain of low density with 

a uniform distribution on the crown for each individual 

See C 

C Form of plantation of the areal type, average oolitic texture 

with coarse of variable density; punctuated structure, 

organization diffuses with ordered tendency; diameter of the 

crowns lower than 5m on average, spacing enters the 

individuals from 4 to 15 meters 

Raised park 

C Form of plantation of type the areal, geometrical, irregular; 

dense homogeneous oolitic texture, directed, coarse elements; 

ordered and punctuated structure; diameter of the crowns higher 

than 5 meters, can reach 10 meters in certain cases 

Monoculture 

D Bordered or surrounded by raised park with cloves or 

monocultures in the neighbourhoods 

Agroforest with strong 

probability of presence 

of clove 

D No raised park with clove or monoculture of clove in the 

neighbourhoods  

Agroforest with low 

probability of presence 

of clove 
Table 4.2: Keys of identification of the clove plots 

 

From these keys, a cartography of the various types of clove plots of the commune of 

Ambatoharanana was carried out (Figure 7). The clove plots occupy a surface of 1362 ha 

which is 15% of the surface of the commune. One notices a very neat dichotomy in the 

localization of the clove plots of the commune:78% of the entire surface occupied by the 

clove plots, are 1062 ha, are in the Northern part of the commune, north of the main roads 

which cross the commune from East to West. In terms of the types of exploitations, 

monocultures are month present that the raised parks, 12.9% of the entire surface occupied by 

the cloves against 79.5% for the raised parks. The agroforests with strong presence of cloves, 

as for them, present only 7.6% but it is known that these last under are largely represented 

because of difficulty of identifying them; just as the young plantations with shade and/or 

under agroforest. 
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Figure 5: Cartography by type of the current clove plots on the Ambatoharanana commune 

The results of the cartography by photo-interpretation were evaluated on the field.  

 

 

 
Figure 6: Cartography of the clove plots of 1965 in the commune of Ambatoharanana on the extent of the 

aerial photographs 

The first mission of March 2014 shows that on the 5 plots identified like raised parks located 

on the satellite images, 4 are it really. The last plot is made up of an association of raised park 

and monoculture. In addition, 3 plots identified as monocultures on the satellite images are it 

really. Moreover, an agroforest identified on the satellite image did not contain a clove. Mixed 

plots associating at the same time two or even the three types of clove plots were also visited. 

The identification of 3 mixed plots on the images was correct after checking on the field. 
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The second mission of May 2015 made it possible to locate 18 plots of type raised park. 

Among these plots, 13 of them had indeed been identified like raised park and 2 like 

monoculture on images THRS; three plots were not mapped. 5 plots out of 7, identified on the 

images as monoculture were confirmed. The two others were actually raised parks. For the 

case of the agroforests, 3 clove plots were identified on the field whereas they were not 

charted. A mixed plot of raised park and monoculture was in addition observed whereas it 

was identified like a park raised on the satellite images.  

This analysis shows the difficulties in well classifying the systems according to criteria 

summons all rather fuzzy in terms of population density, of occupation of the soil. Or a “park 

stops” and or starts “the agroforest” for example. 

 

Types of plots 
Identification on satellite images 

Monocultures Raised Parks  Agroforests Mixed Not mapped 

La
n

d
 u

se
 

Monocultures 8 0 0 0 0 

Raised Parks 4 17 0 0 3 

Agroforests 0 0 0 0 3 

Mixed 0 1 0 3 0 

no clove 0 0 1 0 0 

Table 4.3: Comparison of detection on satellite images and reality on the field 

 

Starting from this ground data, we can say that principal confusions relate to the distinction 

between certain raised parks and monocultures. Old raised parks composed of cloves with 

crown imposing have an appearance close to that of monocultures, and the cultures between 

the feet of the cloves are not observable. 

In addition, the omissions of plantations relate to on the one hand the agroforests with young 

clove in which one finds more the seedbeds than adult cloves. In addition, certain young 

people raised parks, generally of less than 6 years, were also omitted owing to the fact that the 

size of the cloves does not exceed yet that of the cultures which theirs are associated such as 

the cassava, sugar cane, etc. Moreover, their foliage is not sufficiently dense to create an 

observable shadow on the satellite images, which is indeed one of the key criteria contributing 

to the recognition of the cloves. 

 
Characterization of the clove plots from the aerial photographs 

The scale and the quality of taking of sight of the aerial photographs taken in 1965 do not 

make it possible to as simply recognize the cloves as on the images Worldview 2. However, 

starting from the knowledge acquired on these data concerning the particular fitting of the 

cloves in the plots, a work of identification could be carried out on the aerial photographs. It 

was not possible to specify the type of cultivation system.  

After analysis of the aerial photographs, the following identifying information were 

established for the recognition of the clove plots: 

 Aggregation in circular specific forms (Cloves) whose diameter varies between 3 and 

9 meters; 

 Tonality raised compared to the surrounding vegetation; 

 Shadows of the marked and relatively neat specific forms; 

 Oolitic texture with average grain or coarse of variable density; 

 Punctuated structure with organization diffuses with ordered tendency; 

 Spacing enters the trees higher than 5 meters, distribution irregular or regular. 



65 

 

On the basis of these criterion, the clove plots present in 1965 on the commune of 

Ambatoharanana in the covered zone by the aerial photographs were charted (Figure 8).  

The entire surface occupied by these clove plots is of 372 ha. 55% of this surface are north of 

the road which crosses the commune from East to West, that is to say 205 ha. 

The checking of the interpretation of the aerial photographs is based on the testimony of the 

producers met on the field. According to their statement and by exploring the plots, the 

geographical locations of the old plantations were raised. Us have regarded as “old 

plantation” those which was arranged and maintained by the parents, grandparents or back 

grandparents of the current owners, which corresponds more or less to the date of taking of 

sight of the aerial photographs, i.e. around 1965.  

At the time of the mission of May 2015, 7 plots were identified on the field like having 

already existed in 1965. The comparison between these readings and the cartography by 

photo-interpretation shows that 4 of them had been charted. 

On the covered zone by two work of photo-interpretation, the clove plots occupied 372ha in 

1965 against 1086 ha in 2010, that is to say 291% of increase between these two dates (figure 

9). 32% of the surface cultivated in clove currently were it in 1965 what seems to indicate an 

increase important in the plots of clove plots on new surfaces. 

 
Figure 7: Comparison of the space influence of the clove plots of 1965 and current 

 

 

3. Discussion 

The identification of the clove plots by photo-interpretation presents some limits. 

The organization of the certain plants which we could not identify gives an appearance close 

to the clove plots. Their low dimension can make think of young cloves, but spacing between 

the feet lower than 5 meters make it possible to differentiate them from the clove plots (Figure 

5). Indeed, spacing between the feet of cloves is generally of 6m or more. 
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Figure 8: Composite objects having an appearance relatively similar to the clove plots 

The work of photo-interpretation also requires much time. Indeed, the process of edition of 

layers SIG requires a relatively long time according to the quality of the data, of the 

complexity of the objects to be identified and the extent of the zone to be charted. In the case 

of the commune which we studied from which surface extends to a little more 9000ha, one 

needed 4mois to delimit the clove plots, to carry out the checks on the field, then to rectify the 

results consequently. It should be noted that the zone current Malagasy clove plot extends on 

73 communes.  

The photo-interpretation proved to be effective for the territorial localization of the clove 

plots. One notices mainly an atomization of productions (see figure 6), related to the 

dissemination on the field of the small family producers. The configurations making it 

possible to associate the culture of the clove with food crops are also privileged compared to 

the plantations of type monoculture, from where the absence of great production. Lastly, the 

plantations are largely concentrated towards the north of the commune. We can think that this 

concentration is in correlation with accessibility because north is served by a road which 

crosses the commune to the Maningory river. In addition, we can also think that the variations 

of the reliefs can be at the origin of this disparity. There is much more topographic variation 

on the Northern part of the commune (see figure 10) and does not allow the installation of rice 

plantation for the culture of irrigated rice. However, rice remains the priority for the 

households Madagascan. Consequently, the culture of rice is rather privileged compared to 

the clove in the southern part of the commune. Lastly, the absence of relief on the southern 
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part increases the exposure to the cyclone risk of the cloves. Then, the succession of the 

passages of the cyclones over the years reduced gradually the number of clove on the 

commune. 

However, the identification of the systems of clove plots is limited because the agroforests 

with clove are not easily identifiable. In addition, the cloves are difficult to locate in the 

agroforests because in this kind of configuration, the shadow is not neat. The presence of 

large trees whose fruit trees (mango trees, litchis, breadfruit trees) makes difficult and even 

often prevents the recognition of the cloves (figure 4). Consequently, this last type is largely 

underestimated in our results. 

In addition, an estimate of density in clove of the plots is possible for the case of the clove 

plots of type monoculture and raised parks when the feet are sufficiently spaced to allow a 

contrast pronounced between the clove and its solid drop shadow. However, the great 

variability of density of the raised parks does not make it possible to make an estimate of 

production in nail of the systems clove plots. 

Although the diachronic study made it possible to quantify the territorial evolution of the 

cloves, it was not possible to see the evolution of the systems. The quality of the aerial 

photographs and the scale of taking of sight did not make it possible to identify the various 

systems of production in 1965. Moreover, surfaces are probably underestimated because the 

photographs are not precise enough and are vaguer on the edges, limiting thus considerably 

interpretation. The difficulty also lies in the checking of the interpretation which is based only 

on the testimony of the owners, and not on field reality. 

 

 

 
Figure 9: Variation of altitude on the commune of Ambatoharanana (vertical exaggeration: 3 times) (a) view 

NNE (b) view NNW (c) View SSW (Source: MNT 1arcsec SRTM, USGS) 
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Conclusion 

This study could show that the photo-interpretation proves to be an effective tool for the 

detection of the cloves apart from the forest or agroforestry mediums dense. On the basis of 

spatialized data produced by photo-interpretation, we could show that there is increase in the 

surface occupied by the cloves between 1965 and 2010. However, the dynamics of evolution 

of the systems could not be qualified because the systems adopted by the producers in 1965 

were not identifiable. 

 

 

Results of WP 2 

 Bibliography is now completed.  

 Knowledge of dynamic agrarian and clove on 2 contrasted enough sites of Fenerive. 

Analyses dynamic clove-fields. 

 Database plots geographically spatialized cloves, bases current work on Analysis of 

aerial imagery and Geographic Information System. 

 Typology of farms in the 2 sites of Fenerive and first technico-economic results, on 

which to base itself to continue work of typology and evaluation of the cultivation 

systems and production. 

 A report of student engineer (cf. appendix 5) and reports of mission. 

 

 

WP3: Assessment of the productive and environmental performances of AFS and 

their synergies with food-crops at plot, farm, and landscape levels 
 

3.1. Characterization of productive and environmental interactions between AFS 
and food crops at plot, farm and landscape levels 

 

Typology of clove producers in relation to the diversity of production systems 

 

Incomes analyses and modelling: Contribution of clove to the food safety of the agricultural 

households in the area of Fénérive-East, Madagascar. 

 

Is clove a strategy to ensure food safety? 

The base of the power supply of the Malagasy hearths is rice. The local producers self-

consume their rain and/or irrigated rice production. In the producing zones of clove, the 

outputs of the rice plantations are rather weak: between 1 and 1.5 t/ha of paddy, and those of 

rain rice are it still more: between 600 and 900 kg/ha of paddy (Rabearimanana, 1985). This 

production thus does not meet generally the annual needs. The supply rice is always priority 

in the strategies of the households. The first source of income quoted by the farmers is often 

the products of the clove in the area of Analanjirofo (Michels, 2011). The incomes make it 

possible to buy rice necessary to supplement the food production, and thus to improve food 

safety of the households (Danthu, 2014). 

 

A risk of the reduction of the production on the long run 

The world demand in cloves relatively constant and is mainly directed towards the 

consumption of Indonesia in nails for the cigarettes Kretek (Danthu, 2014). The Malagasy 

resource is growing old, and it seems that replantings are insufficient at the present time to 



69 

 

renew the resource and in the long term to maintain the level of production current (P.P.R.R., 

2007), at least in the district of Fénérive-East. 

Working problems and hypotheses 

If the culture of the clove and its constraints are well-known since the years 1960 (Francois, 

Ledreux, Maistre), dynamic the agricultural current ones around the clove in Madagascar are 

it less. This study has as an ambition to identify the strategies and the ways of managing 

country-woman of this culture and to answer the following questions in particular: 

 Which are the complementarities/competitions between the cultures and strategies 

associated between the breeding, the production of rice and the production of the 

various products of the clove? 

 Which are the strategies adopted to ensure the food safety of a side and the 

monetarisation of the household of the other? 

 Which are the brakes/levers which condition dynamic diversification or of renewal of 

the cultures of cloves within the farms? 

 How is the breeding integrated in dynamic exploitation? Which share the breeding 

does it take T in the training of the incomes? 

 Which is the robustness of the exploitations vis-a-vis the economic and climatic risks? 

And do the cloves reinforce the robustness of the exploitations? 

 

These questions lead to the problems of following research: Which is the relative importance 

of the various cultures and in particular of the cloves, the breeding and the extra-agricultural 

activities (off-farm), in the constitution of the incomes, the robustness of the exploitations and 

how is assured food safety? 

A reduced size of the trees brings extremely high outputs, but one year out of three only, the 

two other years being very bad. 89% of the surveyed farmers who have productive trees 

follow this diagram. To explain the 11% for which the correlation is not checked, the 

strongest assumption would be an error in the number of announced trees (approximation or 

forgotten plot). Table 4 gives the averages of production of oil and nails of the years 2012 to 

2014, according to the adopted strategy. 

 
 Characteristics of the two ways of managing of the cloves 

 2012 2013 2014  

Qualification of the year for the small 
oil producers 

Very poor yield Very poor yield Excellent yield 
 

Production of dry nails in kg for 100 
trees (average of the small oil 
producers) 

8 kg 13 kg 134 kg 
Sum over 
three years: 
155 kg 

Qualification of the year for the large 
oil producers 

poor yield average yield good yield 
 

Production of dry nails in kg for 100 
trees (average of the large oil 
producers) 

7 kg 25 kg 44 kg 
Sum over 
three years: 
76 kg 

 

For the years 2012 to 2014, there is thus rather an alternation over three years with 2012, one 

year rather bad, 2013, one-year average and 2014 one happy new year. This diagram is not 

completely exact because all the plots are not inevitably synchronized same manner. Indeed, 
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certain plots had very a happy new year in 2012 and will not have a good production this year 

(c.f. figure 12). This alternation is not true that for 75% of the surveyed farmers. One can 

think that the alternation of the production of the nails is also locally synchronized by other 

external factors, namely the specific climatic conditions and the passage of cyclones, this 

remains an assumption. Thus it is noticed that the 25% farmers who present a different 

alternation were not touched by the cyclone Yvan. The particular impact of the cyclones 

remains an assumption that this study is not able to validate or to cancel. 

 

In all cases, the outputs of the cloves remain very fluctuating one year on the other. 

 

Combinations of activities and construction of the incomes 

The incomes of the farmers are made up by the gross margins of the various agricultural 

activities and non-agricultural. For a large majority of farmers, the gross margins of the 

products of the cloves represent a significant portion of their income. But of other activities 

like the off-farm or the production of rice can be very consequent as shown in the following 

figure: 

  
Figure 15: Origin of the incomes of the farmers surveyed for 2012 

Legend of the Figure 15: 

 

: % incomes of the nails in RTN   : % incomes of clove oil in RTN 

: % incomes of rice in RTN    : % incomes of other crops in RTN  

: % incomes of animal husbandry in RTN  : % incomes of off-farm in RTN   

 

The averages of these data per village highlight well the differences observed in part 1.1.2. 

Indeed, the commune of Ambatoaranana is strongly dependant on the products of the clove as 

shown in the figure 13 (legend below), whereas the commune of Ambodimanga II is less and 

present incomes resulting from more important rice. One observes also an important variation 

of the origin of the incomes over three years, related to the cycle of production of the cloves. 
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A typology of the producers was carried out:  

 

  
A choice of cloves management to determine the management of the treasury balance  

The results got via Olympus on alternatives PFH of the various types (cf. figures 26 and 27), 

show well the consequences of the alternation of production of the cloves over the economic 

situation, here the Net Total Income and the Cumulated Balance (RTN): 

Evolution of the 

RTN in the course of 

time for alternatives 

PFH of the six types  

 

 

 

 

 

 

 

Evolution of the cumulated balance in the course of time for alternatives PFH of the six types 

of exploitation 
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Alternation between the years is more marked for types B and DG which are those which 

have the most cloves, and less for the others. The incomes depend also much amongst cloves. 

Thus one has well: 

RTN Type DG ˃ DO ˃ B ˃ A ˃ C ˃ E 

On the other hand, the farmers of the type B consume more than the farmers of type A, their 

standard of living being higher: they send their children in schools more moved away, buy 

more drugs or clothes. Consequently, the balance of the farmers of type A is higher than that 

of the farmers of the type B. With regard to the types C and DG, although they consume 

more, they have a standard of living so much more raised than their balance remains as for 

him higher than that of the other types. One finds well the role prevailing of the cloves in the 

constitution of the incomes as presented in chapter II. The types of farmers having the most 

cloves are also those which have the most raised incomes. The capacity of investment of the 

households (balance of treasury cumulated) varies from a factor 1 with a factor 9 in ten years. 

This method of management of the cloves which privileges essential oil is mainly adopted by 

the farmers having of the productive cloves (66%). The simulation of the strategy of 

management supporting the nails (PfH alternatives) for the various types of exploitation gives 

the following results: 
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Evolution of the RTN in the course of time for the PfH alternatives of the six farm types  

 

 

 

Evolution of the cumulated time balance for the PfH alternatives of the six farm types 

Alternation between the years is much more marked than for the strategy privileging essential 

oil and this whatever the type of exploitation. In bad year, the balance is negative for the types 

B, DG and E which must then compensate for poor years thanks to offensive or defensive 

strategies (see chapter 1.4) while at the same time one does not take into account the 

investment of the households. Over ten years, the capacity of investment of the types C, C and 

DG falls of 4,000,000 Ar, this strategy is thus for them less interesting. On the other hand, this 

change of strategy does not affect the capacity of investment of the type B over ten years and 

increases that of the type E. One understands that the strategy privileging the production of 

nails is followed rather little in the current situation (price of essential oil higher at the cost of 

nails, high cost of living…), because although it requires less work (see chapter 1.4.1), it 

influences negatively either the capacity of long-term investment, or the management of the 

balance over three years. Only type A sees its capacity investment to increase without its 
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balance not being negative the bad years, the strategy which will be for him most interesting 

will thus depend on its needs for investment and the availability of its labour. The following 

part will give more details on the interest of the various strategies of management of the 

cloves. 

Thus it is observed that although the optimization of the production of nails is the most 

interesting strategy in a majority of case. But only a small minority of farmers are in these 

cases. The large majority of the farmers (48%) carry out a strategy which privileges the 

production of oil without optimization whereas they are in a situation (price oils ˃ price nails) 

in which the optimization of the production of oil would be most interesting for them. This 

stage one can put forth three hypotheses, is the official recommendations, which until now 

advised with the farmers to privilege the nails, dissuaded them to produce more essential oil, 

either their availability in labour is limited too much for that, or, they are not aware of the 

possibility of an improvement in absence of any calculation of margin. Thus the 

recommendations which can be made the farmers depend on the one hand relationship 

between the price on the nails and that on essential oil, and on the other hand of the structure 

of the exploitation (it is considered that essential oil is almost always a variable of 

adjustment): 

 
Strategies most adapted to the various structural types 

Structural 

Type  

Average Number 

of cloves 
Labour available 

Strategy when oils price 

˃ nails price  

Strategy when oils price 

< nails price  

A 74 Non Favour oil Favour oil 

B 159 Non Favour nails Favour nails 

C 72 Non Favour oil Favouroil 

DO 159 Oui Optimise oil Favour nails 

DG 318 Oui Optimise nails Optimise nails 

E 74 Oui Optimise oil Favour oil 

 

These recommendations are certainly coarse because, within a type, all the farmers do not 

have the same number of trees, nor the same needs for treasury, the recommendations are 

rather on a case-by-case basis to give starting from table 15 of decision-making aid. But this 

table gives a general idea of the context and illustrates the fact once more that there are finally 

few households optimizing the production of nails as that was recommended in the past. 66% 

of the farmers follow already the strategy best adapted to their situation, for the 34% 

remainder, it would be interesting to know if that comes from a lack of information (they do 

not know, for example not that in their situation to optimize the production of oil can be very 

interesting), or if there are other criteria which enter decision making and which were not 

identified. 

In conclusion, the objective of this study was to understand the relative importance of the 

various cultures and in particular of the cloves, the animal husbandry and the extra-

agricultural activities in the construction of the incomes and the impact strength of the 

exploitations, as to understand how food safety is ensured by the households. The analysis of 

the systems of activity showed that the agricultural production is articulated around the 

production of rice in the underworld and that of the cloves on the hills. The farmers ensure 

their food safety is by producing the rice which they consume, that is to say by buying it 

thanks to the incomes of their other activities, of which mainly production of clove. The direct 

production of rice is always privileged because it puts the farmers safe from price fluctuations 
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of the commercial products, this is why this culture is maintained in spite of its low 

productivity. 

The clove provides two complementary cultures. A production flexible and stable one year on 

the other what enables him to be a good variable of adjustment for the treasury of the 

households: essential oil, and a production fluctuating one year on the other with strong added 

value. The management of the cloves arbitrating between these two productions makes it 

possible either to have one year a more stable income on the other, or a fluctuating income but 

while saving by work. The products of the clove are the first source of income for more half 

of the surveyed farmers. The farmers initially ensure themselves to be able to satisfy their 

daily needs, out of rice and products of first need, thanks to the production of essential oil 

which remains fixed one year on the other. All the production of nails which their trees give at 

the end of the year is then sold to provide for the needs for these a few months and to make 

investments according to the money available. 

The use of oil as variable of induced adjustment that the farmers entirely do not choose their 

strategy of management of the cloves, it is rather the consequence amongst productive cloves 

which they have. If these are enough numerous to produce oil necessary to the expenditure 

while taking less than 7 kg of fresh small branches per tree, then they will favour the 

production of nails indirectly. Thus the effect of the production of oil on the production of 

nails is undergone following a considered choice of oil like variable of adjustment. The 

production of nails induces a management over three years of the balance of treasury to face 

the years when a weak production does not make it possible to ensure the household 

expenses. Vis-a-vis these fluctuations, three strategies of management of the balance can be 

installation. Either a strategy of adjustment of the expenditure if the incomes vary little of one 

year on the other, or if they fluctuate much, an offensive strategy of savings thanks to the 

zebus or defensive of loan usurer or family. It is the main function of the bovine animal 

husbandry, to provide easily available savings (put except for this function, the animal 

husbandry is negligible in the district of Fénérive-East or only intended for subsistence 

farming). 

The choice of the strategy of management of the cloves the most adapted depends on four 

factors: needs for treasury related to the production of essential oil, relative prices of the 

products of the cloves, the number of productive cloves and the availability of labour. The 

strategy of management of the cloves best adapted to a kind of farm can thus change in the 

course of time. 66% of the surveyed farmers follow already the strategy of management of the 

cloves the most adapted to their situation, but for 34% of the farmers, an improvement of the 

production is still possible. The households are very flexible in their expenditure which they 

can where necessary reduce to the strict minimum, this flexibility is one of the keys of their 

great impact strength vis-a-vis the risks economic or climatic met. The second pledge of 

impact strength is the diversification of the activities which makes the exploitations less 

dependent on the price fluctuation of the market. 

 

Sectors and history  

- Continuation of the colonial history in Madagascar  

The idea is better to know the strategies of the colonial administration having led to the 

installation of the culture exotics (clove, litchi …). The work was completed by a trainee 

under the direction of Mathilde Cocual, on the analysis of the ‘archives’ in France. 

 



76 

 

- Analysis of the clove sector in Madagascar  

The training course on the impacts of the public policies and the private sector on the sector 

clove in Madagascar was carried out in 2014 by Ingrid Maincent.  

In the years 1920-1930, Madagascar became one of the principal producers of clove in the 

world, with Indonesia and Zanzibar; period during which the production of clove oil 

developed. Madagascar is today the first exporter of nail (in front of Tanzania, Sri Lanka, the 

Comoros and Brazil) and first exporter of clove oil. In 2012, the products resulting from the 

clove added up 13.5% in the total bill of exports of Madagascar; 12.5% for the nail and 1% 

for clove oil. (extracts of the economic Bulletin of Madagascar and dependences (Danthu et 

al., 2013)). 

Indonesia, which concentrates 80% of the worldwide production of nail, is the first importer 

of cloves, mainly of quality “all coming” for the production from the local traditional 

cigarettes (“kreteks”). Europe and India are among the first importers of nail of higher quality, 

it using in the kitchen, dentistry, cosmetics, perfumery. Clove oil the, rich one in eugenol, is 

in increasing demand in the sectors of the vanillin hemi synthesis, medicine and perfumery. It 

is exported mainly towards France, the United States and Indonesia. (Danthu et al., 2013) 

The exploitation of the clove in Madagascar is very often coupled with the food production 

and primarily intended for the sale (in 2011, nearly 99% of the production of Madagascar was 

intended for export) (Danthu et al., 2013). This exploitation makes it possible to the peasants 

to ensure a supplementary income their food production enabling them to buy the products of 

first need (PPN) and rice necessary to their food safety (the rice local production is largely 

overdrawn compared to the needs in the producing zones for clove). The sale of the products 

of the clove contributes thus very significantly to food safety in the production zones.  

It is noted that the production of nail of Madagascar is in fall since 2000 (see Figure 5) for 

several reasons (Danthu et al., 2013) mainly due to the fact that the clove resource growing 

old and is insufficiently renewed (the majority of the current seedlings of clove come from the 

period of large country plantation in the years 1950); in parallel upwards of the production of 

clove oil (cf. Figure 6). 

The objective of this study is to identify the role and the impact of the actions of the public 

policies and those of the private sector on the sectors nail and clove oil in Madagascar since 

the socialist period, in the years 1975. The study introduces the various actors; their strategies 

and current locations in the Malagasy sector. All the interventions indexed since 

independence are presented. 

The principal problems which relate to the sectors nail and clove oil are replanting, export 

monitoring by approved exporters, the impact of the organic-attackers (Andretra), the impact 

of the cyclones, and the volatility of the prices of the products. There is no possible action of 

public policy on these the last two problems. 

Vis-a-vis these problems and/or constraints, the State carried out only one recent action of 

scale: project PPRR (2007-2013) centred on the training of the producers and replanting. 

290,000 of seedlings were theoretically produced in order to be distributed at the time of this 

project (equivalent to 850 ha potential to the density of plantation of 6x6m), but actually 

replanting was not inevitably followed by the discounted effects: in addition to the loss of 

seedlings at the time of the distribution, there is a strong loss after the ground setting: 58% of 

the cloves put out of ground by the producers (on a sample of 100 people) are productive 

today (Shirt, 2014). The State also resumed work on the standardization of the nail at the time 



77 

 

of the draft standard on Stabex bottom in 2010. There thus exists a public effort to answer 

partially the problems of the sector. 

The private ones developed several small local actions limited and without strong influence 

on the whole of the sector, except notable for the creation of the platform of the exporters 

which should have a significant impact if it becomes effective. This one represents most 

exporters of nail and clove oil and will allow possible future actions of development, to better 

specify the nature of the offer and the request, and will be used as tool of representation and 

negotiation. 

 

Table 5: Synthesis of the public actions for the sector clove (Maincent, 2014)  

Names and dates Objectives Results 

Project de Relance des Cultures 
d’Exportations (PRCE), 1996-1999 

(STABEX) 

Not known Not known 

Project d’appui à la production et à 
la transformation d’huiles 

essentielles, 1997 (STABEX) 

To start again the sector of 
essential oils in Madagascar 

Creation of a Fund of Expansionary 
Measures specific to the sector 
essential oils 

Appui à la politique Nationale de 
Normalisation et de Qualité, 2006-

2009 (STABEX/CTHT) 

 

To improve of normative system of 
the horticultural products of 
export 

Creation of the National office of 
the Standards and development 
renewal of the standards and 
quality controls for 5 products of 
export of which clove. 

To improve of normative system of 
the horticultural products of 
export. 

Project de Structuration des 
Filières Horticoles d'Exportation de 

Madagascar (PSFH), 2000-2005 
(STABEX/FAC) 

To instigate the sectors by 
supporting the regrouping of the 
operators and the creation of 
horticultural technical institutes 

Creation of CTHT 

PS n° 05-03, n° 02-04, n°05-05, 
n°01-07, entre 2003 et 2007 

(STABEX) 

 

To increase the production, to 
improve exported quality of the 
nail and clove oil 

-80 ha of clove replanted 

- CTHT: activity of quality control  

- training cultivation techniques 

- training export quality  

 

 

Which are the potential actions necessary for the improvement and the maintenance of the 

sector clove on the two products? 

- to create or reinforce a legal framework who prevents the abstract exporters from adapting 

the markets of the Malagasy current exporters on the place 

- a new effort of plantation in the zone of Mananara and replanting in the zones of Holy Marie 

and Fénérive East, accompanied by trainings nursery gardener to the producers 

- one of the improvements of the sector oils essential clove could be the development of the 

transformation of eugenol oil of quality in Madagascar thanks to partnerships deprived 

between exporter-transformer and perfumers, under the example of the exporter with 
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Tamatave which sells all its production of eugenol to a perfumer who contributed to the 

financing and the installation of the column of purification (effect of cartel). 

Our study still has some points of shade concerning the strategies and the behaviours of 

certain actors: in the producers, there exists a reserve with the adoption of novel methods, 

which are however advised at the time as of projects and are known like necessary to the good 

progress of an action (techniques of replanting). It is thus interesting to compare the 

knowledge and perceptions of the problems of the sector by the various actors: 

 

Actors Knowledge Perceptions 

Producers Conscience de la nécessiter de 
replanter 

 

Logique d’extractivisme (en générale pour 
Sainte Marie et Fénérive East) 

 

Le problème de l’Andretra est une des 
problèmes prioritaires pour le girofle 

 

Oubli des techniques de lutte contre 
l’Andretra (vulgarisation dans les années 70-
90) 

 

Connaissance des techniques 
culturales recommandées par les 
projets 

Manque de confiance en les innovations 
techniques, volonté de travailler avec les 
techniques traditionnelles 

Existence d’une fluctuation des prix du 
girofle 

Généralement, les producteurs pensent que 
ce sont grands collecteurs et les 
exportateurs qui sont à l’origine de la 
fluctuation des prix (diabolisation de ces 
deux opérateurs) 

Collectors Conscience de la diminution de la 
production de clou 

 

C’est le rôle du producteur de replanter 

 

Exporters Ont peu conscience de la diminution 
de la production de clou 

 

Problème minoritaire dans leur activité 

 

Knowledge and perceptions of the problems of the sector by the various operators. 

 

Concerning replanting in the zones of Fénérive East and Holy Marie, it is necessary to have a 

clear vision of the impact of the projects of replanting passed, to see which were the brakes 

and the constraints possible with replanting (technical constraints, social.) in order to identify 

future programs of replanting which are targeted better. 

Concerning the problem of the devastations of Andretra, it is necessary to take again research 

to improve the fight and to sensitize the peasants on the simple current known methods but 

not realised. 
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Plantation and renewal of the resources: clove and firewood 

- Plantation/replantation of cloves  

The challenge is here to precisely analyse the strategies of the producers during the last 

decades until our days to maintain/renew the clove plot. Technical sides and social (right of 

use, land…) are approached.  

2 training courses were carried out for that: a first training course in 2014 on the analysis of 

the programs of replanting PPRR and CTHT of years 2000/2010 (By Emmanuel Shirt) and a 

second training course in 2015 on replanting except project in the zone of Fénérive-East (par 

Claire Leydet) (co-financing FIDA).  

Student training course 1: 2014: Impacts of the actions of support of projects PPRR 

(Programme of Promotion of the Rural Incomes) and CTHT/STABEX (Program of 

Support to the Agricultural Sectors of Export) with the producers of clove in the district of 

Fénérive-East to Madagascar and perspective of evolution of the plantations (E Maillot).  

This study operates upstream of the sector clove, in the district of Fénérive-, is located in the 

North-East of Madagascar. She answers the request as of public authorities and of her 

technical partners to the measure of the impacts of the actions conducted to the level as of 

producers of clove, following the interventions for the sector within the framework as of 

development projects PPRR (2005-2013, IFAD) and CTHT/STABEX (2009-2011, EU) in the 

producing regions. These projects contributed to the effort of revival of a sector declining 

clove exploiting a state resource of senescence. Their actions were directed towards the 

improvement of the incomes of the producers by the reinforcement of their means of 

production and marketing, in order to attenuate the food insecurity and poverty in this region 

with agricultural predominance.  

 

Dates Steps Details of evolutions and events 

1890 Introduction de la culture 
dans le Nord East de la 

grande Ile 

Extension de la culture et appropriation par les 
petits exploitants; 

1900-1920 Giroflier de 1
ère

 génération Les petites exploitations surpassent celles des 
colons; la production d’essence démarre en 1930; 

1930-1950 Giroflier de 2
ème

 génération 

 

Extension massive; Lutte contre l’Andretra 
(Chrysotypus mabilianum); R&D pour l’appui de la 

filière girofle; 

1960- 1980 Replantation progressive Renouvellement des 1
ère

s générations et action 
d’appui aux producteurs; OPCPCG (1968-1990) 

Années 2000 Constat de sénescence des 
plantations: 

Programmes de replantation 

Distribution de plus de 800 000 jeunes plants, dont 
la moitié gratuitement; encadrement technique des 

producteurs par la formation. (PPRR & STABEX) 
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Principal stages of the development of the plantations of clove in Madagascar. 

(Ranoarisoa, 2012). 

The public authorities and the money-lenders consequently allowed the realization of two 

development projects to start again the sector clove in the areas of Analanjirofo and Atsinana: 

the PPRR, Programs Promotion of the Rural Incomes financed by the International Fund for 

the Agricultural Development and the Organization of the Oil exporting countries (IFAD & 

OPEC, 2005-2013) and the Project CTHT/STABEX, programme sectoral of Stabilization of 

the earnings Export put in work by the Technical centre and Horticultural of Tamatave, 

financed by the European Union (EU, 1996 - 2011). Today enclosed, their evaluations in 2012 

(STABEX) and in 2014 (PPRR) do not make it possible to have a sufficient visibility on 

becoming to it sector on the levels of the producers of clove and in the plantations.  

This work rests on investigations conducted into the field near a random sample of 110 

recipients, living the district. Its objective is double: to bring a specific reading of the situation 

post-project of the profit producers of the assistances and to propose a working track on the 

parameters identified like perfectible, to allow to improve the action of the agricultural and 

rural public policies of development in this area. All in all, it appears that in Fénérive-East, 

the interventions were significant. The dynamics of project made it possible to reach 

encouraging results, with renewed plantations and which extend more still. The awakening 

collective and effective in the villages, is facilitated by the weight of the tradition around the 

culture of the clove and especially moved by the price of spice, definitely gravitational these 

last years. 

 

 
Replantation Extension 

Replantation & 
augmentation 

Total clove 
trees 

Total in 
% 

Monoculture 303 610 40 953 25% 

Park wooden 960 479 82 1521 40% 

SAF complex 760 210 - 970 25% 

Plurisystems 50 - 342 392 10% 

Total cloves 2073 1299 462 3834 100% 

Total in % 54,1% 33,9% 12% 100%  

 

Manpower of clove-projects renewing and increasing the plantations in the cultivation 

systems of the studied recipients (Auteur, 2014) 

However, the frequent poverty and climatic risks weaken the social situation. The effects of 

the passage of cyclones accentuate the food insecurity just as the lack of structuring socio-

economic activities support the insecurity around the arable farms of revenue. The visibility is 

bad for the producers of clove. In spite of the impulse of the interventions of the development 

policies on these problems, one feels a need for more constant reinforcement on the whole of 

the structural plans to improve the conditions of exploitation. In this context, weighed down 

by the crisis of confidence in the bodies of governances of the executive power and 

marketing, the producers express the great difficulty of making safe their exploitation and 

their income. They see their revenue threatened by their impotence vis-a-vis the economic 

situation, with depends on the market. That implies that we can fear their reactivity to be 

passed from the production of clove to remunerative activities, as seen in the previous years 

with the culture of vanilla. 
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Box: SWOT analyse of cultural practices in the plantation  

Strength: 

- Mobilization of the general interest for the ITK 
project;  

- Optimization of work and the inter-farming benefits 
(Maintenance, protection, fertilization, conservation 
of moisture…); 

- Installation of rack beyond recommended time;  

- Adaptation of technique according to the conditions;  

Weakness: 

- Painfulness of the holing to 50 cm of depth 
(performance of the tools); 

- insufficient depth of the hole for the young cloves, 
prone to scrubbing and the uprooting; 

- Removal of the racks too early and strong exposure to 
the sun;  

 

Opportunity: 

- Plantation in period of winter: climate moderate and 
availability by work;  

- Plantation of natural barrier vegetable, by 
associating Acacia, grevillea, cassava, banana tree… 
which will be removed in the medium term; 

 

 

Threat: 

- Plantation at the beginning of rain season: incidence of 
the climate (strong rain, cyclone) and incompatibility in 
the organization of work (plantation clove vs rice); 

- Absence of watering in season dries (Nov., Oct.) 

- andretra pest as from the 2nd year on young cloves of 
more than 50 cm; 

- Practice of tavy and preparation of coal: fire 
uncontrolled;  

- Presence and increasing destruction caused by the rats;  

- Trampling of the cultures by the zebus; 

Broadly there is effective replanting well but it is very difficult to see whether it is sufficient 

to ensure the renewal of the resource. 

  

Agriculteurs Bénéficiaires 
Ayant reçu les plants 
(88%): Type A 

N'ayant pas reçu de 
plants (12%):  

Type B 

Totaux 

Continuant de planter  63% 11% 74% 

Ne replante pas  25% 1% 26% 

 

Continuity of the plantation of the recipients except projects and after projects (Auteur, 

2014) 

For this reason, the basic work of the public policies remains relevant, on a level of significant 

implication of the producers of clove in the consolidation of the tools of the sector to allow 

and to maintain its high level of production, and to improve their incomes within a framework 

of reinforced confidence.  

The deployment and the implementation of two projects, PPRR and CTHT/STABEX, were 

relevant in the district of Fénérive East for the renewal of the plantations of clove. The 

interventions met a need for the producers in the situation urgently post-cyclonic. In their 

bringing the technical support necessary, the projects made it possible to mitigate the effects 

of the destruction caused by the cyclone in the plantations and contributed to limit the 

resurgence of food insufficiency and increase in poverty. By the revival on the one hand food 

crops to meet the food need and on the other hand the revival for a dynamics of plantation for 
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the renewal of the plantations of clove, the support with the producers of clove made it 

possible to support a financial support in difficult period for the recipients.  

That could be possible by the development of the production of young seedlings of clove via 

the installation of the nursery gardeners, to make them easily accessible and free. Their role 

was decisive in the production, the distribution and the technical council for the plantation. 

The vocations created and supported financially by the projects in party made it possible to 

create jobs in the circumstance of the projects and also the diffusion of the production 

techniques of young seedlings in the villages. The nursery gardeners saw their standard of 

living improving by this gainful activity and allowed employs it of a temporary labour which 

profited from the transfer of knowledge related to the trade.  

Today, the market of the young seedlings of clove continues mainly around the chief towns of 

the rural communes, with an offer organized in regrouping of nursery gardeners and 

consequent employment (guarding, talks, production…). The offer in young cloves is 

organized in oligopoly, able to answer a relatively wide regional request. In addition, a strong 

capacity of impact strength is distinguished, with increasing and significant initiatives of 

individual productions of young seedlings supported by the nursery gardeners in the wedged 

zones. This adaptability makes it possible to facilitate the access to the young cloves near the 

plots, even their direct production on the spot of plantation. Then, in spite of a felt effect of 

cannibalization of the small productions on the axis of principal circulation, the consequence 

is less because one observes a diversification of the small nursery gardeners towards other 

cultures, such as bamboos, acacias, litchi, ravintsara (cinnamomum camphora). These cultures 

are according to them economically gravitational and beneficial for the fight against 

deforestation and erosion.  

At the level of the sample of producers - studied recipients and who planted, one can conclude 

from the interventions of a renewal and also of an extension from the significant plantations. 

With more than one clove out of two in growth on those distributed free by the projects and 

planted nouveau riches of dynamic of plantation out - projects, the developed results show a 

significant and encouraging awakening of the producers - recipients. By adapting the 

assistances, they contributed to the renewal of the plantations of clove, multiplying by two the 

population of senescent cloves of a generation of young cloves. The latter are likely to reach 

their medium-term maturity and their full production by 2020, in obvious condition of the met 

favourable conditions of culture.  

The various renewal rates according to the uses mark a very encouraging degree of 

appropriation of the actions of the projects, but according to a common factor, the market 

price. The question of the reversibility of the prices about the market about the strategy of the 

producers remains the central point of the strategies of the producers, audible in their 

discourses: “The favours of the market made it possible to plant much with the support of the 

projects”, from where the difficulty in perceiving the construction of a durable inheritance 

without the security of average costs to the producers in a context of dependence at the 

international market of spice. 

In addition, the context social difficult and partly isolated by the strong enclosing have 

reduces the effectiveness of the control of work of the projects like their result. Although the 

interventions could not circumscribe a framing completely controlled, the expected effect of 

intensification of the means of production via the improvement of the farming technique and 

free distribution of the young seedlings took a dimension out-targeting which appeared in 

spite of very beneficial for the plantations of clove. It is the manifestation of the interest of the 

producers for the benefits of the assistances and the renewals of the plantations. But one 
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retains the distrust of the population with respect to the doubtful practices met in the area, in 

particular because of corruption and of social dramas which can emerge.  

One can also underline the mistrust of the peasants, with a perception of the difference in 

operation of the projects, in the distance from co-operation, paradoxical taking into 

consideration attack of similar objectives or of badly-operations of governance, of lack of 

dynamism lived in the producers' organizations. At the level of producers, these paradoxes are 

sources of disengagement, which one finds in the disinterest or the lack of confidence in the 

speakers, local authorities of governance or of the economic structures. The governance is by 

extension perceived like a channel of exchange of privilege, making difficult the construction 

of dynamics collective, beyond the individual interests around the marketing of the products. 

In addition to the random climatic conditions, the producers express a legislative plan which 

remains the poor relation of their framework of life. The problems relating to the price 

fluctuations on the market, on the way of zebu, flights (foliage, seedlings, nails), of sabotage 

or of bush fire exceed the traditional sphere and remain unresolved. The legal phase of 

framing of the sector clove is all the more relevant, although in phase of reinforcement to 

currently try to bring a framework of reflection and to also treat on these questions, by the 

workshops of reflections about the treatment of the Community litigations and of work on the 

level of marketing in dialog with the chiefs of village, the rural organizations, the peasants 

and the actors of the sector.  

Their need for comprehension of the public policy for rural development is even more 

present. It requires necessary information to their development by the news of the market and 

information in general on the agricultural sector. The producer estimates that this 

reinforcement of knowledge of their trade around one of the national strategic sectors of 

export is necessary. To improve the production, it cannot be simply satisfied with results 

coming from the sale from its production with means from rudimentary and usual 

productions. The requirements in training in the improvement for the techniques for plantation 

and production control, to understand the destination of the products to marketing are still 

lathing for better apprehending the strategies of production and those of management of this 

common resource. Built in a traditional way in a favourable context in the regional 

inheritance, the sector must adapt to their level to integrate the current trends and structural 

which are binding to the producers.  

In the absence of body of institutional support for the permanent agricultural council or of 

relay even within the rural communes, other that the actors of the civil society (NGO and 

denominational local organization) and that the institutes of microphone-finances, agriculture 

is felt as an activity except for whole where the consequent need for social recognition 

remains manifest. In addition to the recognition within the limit of the situational obviousness 

in which is the rural population, in position of the bottom of the social scale, few recipients’ 

knowledge of the existence of a statute of the trade of farmer has because they to live in this 

medium means to become farmer.  

With its load of relay in the continuity of the PPRR, program FORMAPROD developed in the 

zone of intervention of the PPRR envisages to meet this requirement in training but must 

consider the need lathing in training on the techniques for the other cultures and supplement a 

support by training to improve the farming techniques, supplemented knowledge on the 

marketing of the clove but also more largely on other fruit-bearing, agroforestry and food 

sectors to make it possible to find the splendour of the plantations of older time. 
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One can make the following recommendations: 

The technical support with the producers for the plantation: 

► To favour the southern season of winter, supervision of plot, the state of the plantation 

before: enumeration of the plots of clove, number of clove, potential of reception of future 

clove, determination of the serviceable time to the plantation (encouragement with the 

plantation with a motivation for the ITK respected by the attribution of cloves subsidized at 

100%) 

► To make take part the producer in the acquisition of the seedlings by subsidy with a fixed 

price of the young seedlings (about 30% of the cost price of a young seedling) so as to imply 

it much more in the responsibility for property and to avoid the instrumentalisation of the 

development project and the creation of assistantship. 

► To more sensitize the producers on the climatic risk and their impact on the plantations 

(absence of watering in dry season, absence of protection and prolonged exposure of the 

young seedlings to the sun, general effect of erosion, protection and interaction of the 

vegetable barriers…)  

► The enclosing is a parameter with strong constraint to ensure a coherent coordination of 

the intervention of the projects. To imply more the NGO local denominational in management 

of popularization and the professionals in place is a means of increasing the potential of 

success of popularization for reasons of confidence and recognition by the most wedged 

peasants.  

► To train the producers with the report of observation of their plantations and to make 

compulsory a quarterly report (to be defined by committee of observation) observations made 

in their plantation via to their representative (or substitute).  

 

The marketing and security of the production of clove for export:  

► Reinforcement of the strategic market day before for the anticipation of the strategy of nail 

production/petrol and for the sourcing of the markets; 

► To formalize a committee of observation of the plantations of clove (or revenue) with the 

implication of the producers in the role of vehicle of information and trainer (a first formed 

the first year in the stage of installation of the committee, then by rotation of two 

representatives by CR: a holder elected for one year trains his substitute to replace it the 

following year) to engage processes I) informational descendants (international market 

towards room, development policy rural) and II) informational ascending (states of the 

plantations, crop estimates, needs technical, etc.…) (Example for Fénérive-East: 22 

representatives including 11 substitutes charged to relay and collect in the villages 

information during their two years total mandate each one; Renewal or actualization of 

knowledge for training in the stages of consultation of the committee of observations …  

► Fixing of an annual price reached a maximum with the producers, balanced between the 

kilogram of nail and the litre of petrol to limit the imbalance of the productions and to sustain 

the production of nail (Year of starting in one year of forecast of good harvest and high price 

to the producers);  

► Discussed participative for the realization a loan for creation a guarantee fund 

remuneration stable (annual price reached a maximum with the producers) starting from the 

appreciations recorded to allow to balance or cover the low prices;  
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► Rehabilitation of the CAMWOOD in commercial infrastructure and accounts centre of the 

representatives, with devices of information, market day before organized according to the 

planning of work of the representatives of CR and the substitutes; 

► To support the quality control via the professionals in place (example: CTHT) in the COp 

ridge tiles and the CAMWOOD, where the samples for analysis and the reports of the 

representatives for analysis are taken.  

 

Collective dynamics:  

► To support in continuity, the work of AVSF which is in hand, by the support with the 

environmental certification of the clove and other productions to improve the visibility of the 

production of Madagascar on the markets. “The demand for clove is important but the weak 

satisfaction of this request (AVSF, 2014) constitutes an approach to be supported to increase 

the market appropriateness.”  

► To already identify and support gradually the COp in difficulty in place in the project 

management.  

► To revise the approach of the tender offers via dimension vision, common objective and 

governance of the COp existing ridge tiles to feed the network of the producers of cloves and 

to work on the bottom of partial partnership gaining/winner. 

 

The valorisation of the local knowledge and sensitizing with the climate change:  

To integrate in the regional school programs an environmental program of education on the 

consequences of the traditional practices and the solutions to avoid the exhaustion of 

resources and the erosion of forest spaces. This program can extend on the unit from the 

levels from studies in keeping with the branches of industry from each area on the unit from 

the territory.  

The second training course carried out in 2015 in the zone of Fénérive-East in conditions 

except project is not finished yet in October 2015 and the report is not yet available (Claire 

Leydet) 

Nevertheless, the principal proposals and recommendations are in 2015 the following ones. 

These proposals integrate the whole of the jobs done by project AFS4FOOD on the sector 

clove since 2010. Before any intervention of support to the replanting of clove it is essential 

to understand the actors implied in the production of clove and their strategies. It is necessary 

to understand the role of the production of clove in the training of the incomes, the interest of 

the producers in their strategies generally has cost term and the priorities of the actors.  

Based on the following reports, the recommendations are the following ones:    

- The techniques of seedbed and replanting are not always controlled. The producers are 

petitioning of one support to training and technical council.  

 Training and technical council on the techniques of plantation, the technical routes 

favourable to the culture of the clove like on the means of improvement of the fertility of the 

soils. 

 Target public: broad and if possible open. To support the diversity of the ages and the exchange 

of information intergenerational and inter-village within Fokontany (lasted recommended: 10 

years, allowing the follow-up of the young plantations). Popularization could be realized in 

partnership with a local team of producers having already followed by trainings (PPRR, CTHT). 
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- The exchanges of information, technical councils and experiments between producers 

are not very frequent. 

 Support with the installation of “platform of exchange of vegetable material and council”, or 

“platform of innovation”. 

- The producers wishing a maintenance of the production must renew 1,6% of their plantation a 

year (by considering one lifetime of the clove at 60 years), which is equivalent to an effective 

plantation of 5 young cloves each year per hectare (or by equivalent of 280 /ha trees). 

 To sensitize on the perennial character of the culture, the management of the renewal of the 

plantations, on the patrimonial aspect of the plantation of the clove. 

- Problem of access to the resource/seed/material plant. 

 To support the exchanges inter-producers and inter-village. 

 To support the development of private nursery gardeners. 

In spite of the importance of the incomes generated by the clove, petrol and nails representing 

more than 50% of the income of a household (work of C. Fourcin, 2014), we could note through 

our investigations which the producers are not always ready to invest in material of seedbed of 

clove (sachet, purchase of seeds). 

 To sensitize on the management of the incomes and the investment to renew a plantation. If it 

is wished that the producers invest and continue the maintenance of the cloves, not to create 

client oriented projects putting the producers in situation of dependence.  

- The caterpillar Andretra (Chrysotypus mabilianum) is a pest which impacts the whole of 

the plantations in a consequent and recurring way. The only means of fight currently 

recommended is mechanical (pulling up/cut and burning of the infested parts. Its effectiveness 

would require a regular prevention follow-up by the whole of the producers and at the level of 

the whole of the coalfield of clove. This implementation had been effective following the 

national campaigns of fights carried out of 1940 to 1943 and one second countryside of 1963 to 

1966, but since, the insect continues the colonization of the plantations. The damage produced by 

the pest in the shape of caterpillar is notable on the bearing trees, but all the more destroying 

most of the time when the young feet are attacked, succeed with the fast death of the young 

clove. To sensitize on the management of the incomes and the investment to renew a plantation. 

If it is wished that the producers invest and continue the maintenance of the cloves, not to create 

projects putting the producers in situation of dependence. 

 To bring up to date and look further into knowledge on the caterpillar Andretra (Chrysotypus 

mabilianum) in optics to find a better solution of fight and simple prevention vis-a-vis this pest. 

- The trampling of the zebus at the time of the pasture on the plots of clove or close to the 

seedbeds causes important degradations of the young seedlings which are used for 

replanting. 

 To support on the implementation of a management of the cattle which complies with the 

rules of not-entry in certain plots (control of the common grazing land and installation of 

consequent and effective Dina).  

To work on replanting with a committed collective (punt forms innovation around a “key 

social actor” who will possibly gather also and for the marketing of the production at the level of 

villages to see of Fokontany. That would make it possible to make sure that the producers 

communicate and exchange between them in order to limit the atomization of the relationship 

between producers and collectors.  
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 The force of the collective would allow: 

 to dissuade the problems of flight of the young seedlings or harvest between anybody 

from the same grouping 

 to gather for marketing. The pooling of the means of communication allowing to forward 

the whole of the production to the best purchasers. The producers are always in search of 

developing and marketing their products as well as possible. 

Finally, to draw up new reports between collectors (which adulterate the production) and the 

“official” exporters in order to solve by a contract the exchanges on more viable commercial 

bases (not of adulteration = better price by the economy of re-sorting)  

3.1.4.2 The question of the wood resource 

In front of the growing importance of the production of essential oil by the clove plot, the 

question of the resource firewood for distillation arises more and more. The object of the 

training course would be to analyse the strategies in work and their impacts on the resource 

(co-financing IFAD).  

The training course was carried out by Clara Rougier and is entitled: “Environmental impact 

of the wood collection of heating for the production of oil of clove in the district of Fénérive-

East, Madagascar”. The culture of the clove is traditionally widespread on the East coast of 

Madagascar. The clove is at the origin of two by-products: the nail and the essential of clove, 

less known oil but representing a considerable share of Malagasy exports in value. The 

essential oil of clove is produced by hydro-distillation and requires important volumes of 

wood of heating to heat the raw material and to extract the interesting molecules. Today, this 

resource is potentially threatened by the activity of distillation and one does not know at the 

present time if that represents a danger to its maintenance in the country practices. This study 

aims at identifying the country practices related to the management of the wood of heating for 

distillation and L” state real of the local wood resource. These data will be supported by a 

quantitative analysis of the forest resources now available. To finish, it will make it possible 

to identify levers of action on which to operate in order to put forward measures of 

attenuation of the threat adapted to the local socio-economic context. This study falls under a 

logic of continuity and complementarity of acquisition of knowledge on the sector clove in 

the district of Fénérive-East, several studies on this topic having been carried out before in 

this zone by project AFS4FOOD. It comes in particular in deepening from the conclusions 

from the technico-economic analysis from the sector oils clove carried out in 2014 studied by 

Ingrid Maincent and the study on the methods of use of the stills on the side of the country 

users, realized by Radios Simanjuntak in 2014.  

Methodology was elaborate in order to answer the problems via the realization of four under-

objectives: I) To characterize the practices of management of the wood of heating as well as 

the rules of use of wood during distillation to the still, II) To quantify and qualify the actual 

position of the wood resource from heating, III) in the past. To compare the oils per tree with 

those present and to provide an explanation on their appearance/disappearance at the glance as 

of socio-economic needs for the population and iv) To identify the levers impacting positively 

or negatively the availability out of wood of heating and to put forth hypotheses as for its 

future availability. 

More largely, the produced results will make it possible to evaluate if the possible decline of 

the resource wood of heating threatens in a future more or less near perennially to the activity 

to distillation to oil to clove. 
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 The report is not ready in October 2015 but here some results resulting from this study.  

 

First use of the trees consumed for distillation by zone 

As a whole, it is thus from 40 to 60% of the wood used which comes from trees having 

another principal use.  

The first typology of behaviour could be identified. 

The whole of the surveyed individuals were categorized according to two criteria: significance 

attached to the tree wood of heating in the management of the agricultural system and the place 

of the essential oil of clove in the composition of the incomes. 

Type 

1A: Country not-distillers drawing the majority from their incomes of off-farm activities. They 

have an important volume of tree but are implied little in the management and the valorisation of 

the forest settlement. They sell wood with close knowledge. 

1B: Peasants whose distillation of oil of clove represents a weak share of the incomes of 

households. The management of the wood of heating is not a priority: the woody capital on foot 

is weak and the purchase of specific wood is preferred with the establishment of a durable 

strategy for the supply wooden. 

2: country distillers whose tree for the wood of heating forms integral part of the management of 

the agricultural system. The trees or branches cut for distillation are selected with reflection… 

badly known as and the resource is renewable thanks to techniques of adapted plantation and 

pruning. Some sell wood when they estimate that it is not prejudicial for the future availability of 

their resource. 

3A: Peasants whose distillation of oil of clove is essential to supplement the income and to 

ensure food safety. The woody resources on foot are weak and significance attached to the 

management of the tree is secondary. In the event of lack of wood, the purchase or the cut of 

productive fruit trees is observed. 

3B: peasants whose distillation of oil of clove is essential to supplement the income and to 

ensure food safety. The woody resources on foot are weak but they show a certain interest to 

reinstate the tree on the plot and to already sustain the capital on foot. They are however 

constrained to buy punctually. 

4B: the peasants most dependant on the distillation of the oil of clove to make sure of the 

incomes, generally in precarious situation. They are often short but repeated distillations 

causing an annual wood strong demand. For lack of place or money, there are very few trees 

wood heating on the plot. The distiller then cuts any tree or shrub likely to be consumed with the 

still. 
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The distribution of the types according to the villages is the following one:  

  
Figure 16: Distribution of the types according to the zones 

 

Varied strategies adapting to the available resources 

The diversity of the ecosystems and situations met makes it possible to bring explanations on 

the occurrence of the practices observed. For example, the commune of Ambatoharanana is 

the only one where the quantity of wood consumed exceeds the quantity of wood produced 

each year. Paradoxically, it is also the commune where the proportion of country wood 

growers of heating is strongest. Why paradoxically not precisely this explains that! 

An analogy can be made with the work of Locatelli (2000) which explains why the evolution 

of wooded surfaces follows a curve out of U: as from the moment when the woody resources 

were almost exhausted, a wave of plantation is observed. A transition takes place then and the 

share of the surfaces timbered around the villages increases then again. One can think that in a 

few years the commune of Ambatoharanana will follow the same evolution and will see its 

restored woody resources. 

Another strategy was observed in Vohipeno vis-a-vis the reduction in the wood resource: to 

use more wood with use the first construction as the eucalyptus or the bamboo. The 

eucalyptus has the advantage of pushing on the peaks in stripped field where very few of 

other species can grow.  

More generally, we saw that the trees intended for another use are used as variable of 

adjustment when the trees wood of heating have suddenly missed. This tendency being recent, 

it is difficult to measure the real impact of the practice on the productivity and the renewal of 

this category of trees. This strategy is however not durable insofar as by increase the taking 

away on the fruit trees or by construction, this resource also will have to disappear. 

The tree wood of heating: a secondary importance in the country consciences 

The integration of the tree wood of heating in the agricultural system of the peasants runs up 

against two obstacles: it is neither a culture of generating revenue of currencies nor a food 

crop which offers what to be nourished. On the basis of this report, the clove and rice will 

always have a dominating place in the management of the system as a whole, relegating the 

tree wood of heating in secondary entity. This observation is particularly true for the poorest 

distillers or those which have very few grounds, which is paradoxical since it is them which 

need to distil to supplement their incomes more. This general satisfying can also explain the 

lack of structuring of the market wood of heating. Although the potential is existing thanks to 
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a request higher than the offer, no peasant is ready to do one of his principal income sources 

of them. The wood of heating is thus an undergone variable of the intensity of distillation 

which does not condition it to in no case and which in a general way is not really in the 

middle of the country concerns. 

Parameters prejudicial with the future supply wooden of heating 

Several points are potentially problematic for the future availability of the wood of heating by 

accelerating its consumption or preventing its renewal: 

 lack of mutualisation of the techniques and generally the popular reserve to integrate 

practices innovating in the management of their exploitation.  

 the absence of solidarity and loan of material or specific gift of raw materials. 

According to inquired, this solidarity existed before but grows blurred more and more 

nowadays. That feels even within the family circle. 

 the units of distillation are perfectible. The lack of maintenance of these stills already 

not very effective energetically amplifies of advantage the important losses of heat 

increasing the wood consumption thus. 

 lack of structuring of the market wood of heating. Those which have much wood do 

not sell it because they are in general elsewhere occupied and do not have time to 

occupy itself some. A more important taking away would be advantageous at the same 

time to however satisfy the request but also for natural dynamics with the secondary 

forest, the growing old trees having a speed of growth lower than the young people. 

This is particularly true for the pioneer species, as it is the case for the trees wood of 

heating of the district of Fénérive-East. 

A special attention should be brought to the introduction of species considered as invasive on 

new territories. This is particularly true for the grevillea. Still not very widespread inside the 

grounds, several distillers state to want to transplant some on their plot. However certain 

peasants of the littoral zone encounter problems of invasion of the grevillea which then 

prevents the young cloves or other small plantations to push. 

Bias and difficulties 

Nearly 100 investigations were carried out through 3 communes and 4 fokontany the sample 

size ensures a good representativeness of the results. However, it was more difficult to obtain 

data at the time of the investigations with distillers with the situation appearing very 

precarious. In the same way at the time of the visit of the plots. The distillers met on council 

of the vice-president of the fokontany appeared to have a standard of living higher than the 

average what introduced a skew into the commune of Vohipeno. 

This study emphasized a strong heterogeneity of the practices and ecosystems among the 

zones however located in a common perimeter of 20km. However, the coalfield clove extends 

over a length of more than 500 km along the East coast. An example within the Analanjirofo 

area: the demographic pressure in the district of Fénérive-East is of 95 inhabitants /km ² 

whereas it is only of 36.6 inhabitants /km ² on average in the 4 other districts of the area. We 

saw that the land pressure could be a factor conditioning the distribution of the farming and 

woody species on the plot. It is probable that the practices of management of the wood of 

heating in these zones with low population density are different, one could suppose that the 

individual availability out of wood of heating is higher. 

There exists a multiplicity of factors of population, environmental and economic which 

generate different configurations and needs according to the territories. The conclusions of 
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this study cannot be extrapolated with the whole of the region what makes difficult decision 

making to the regional scale and main road. The recommendations are the following ones: 
 

 On the installation of the plot 

To incite with the plantation of trees wood of heating, particularly the albizzia (Paraserianthes 

falcataria) and to sensitize the distillers with the importance not to tear off the naturally 

arrived seedlings. To insist on the multiple roles which the tree wood can fill of heating on the 

plot: shades on the young cloves, restoration of the fertility of the soil… 

Not to cut the trees annually but to wait at least 5 years for an optimal report volume/year. 

The sylvo-pastoralism (plantation of trees on plots reserved for the pastures) remains far from 

widespread and would deserve to be developed. 

 

 On the consumption of wood to the still 

The improvement of the energy efficiency of the still seems to be the most promising way to 

mitigate the reduction in the availability out of wood of heating. One can quote: improvement 

of the insulation of the hearth by replacing clay by a more insulating matter as stone, to 

optimize the joints boiler-head and head-collar of swan in order to avoid the losses of heat, to 

pay more attention to maintenance of the boiler to prevent the appearance of perforations. 

The models of improved stills put in circulation in 2014 reduce of a third the wood 

consumption. The advantages brought by these stills are not enough however to attract 

distillers come from villages a little more distant. 

It would be necessary is a generalization of these stills improved at the level of the district - 

what involves a consequent investment - that is to say to attenuate the painfulness of the 

transport of the raw materials for example by using the animal force. 

It is also advisable to sensitize the distillers on the importance to let dry wood at least 3 weeks 

before distillation in order to maximize its calorific value. 

 

 On the structuring of the market wood of heating 

We saw that the whole of the forest resources available is almost enough to satisfy the 

request. The problem lies in the forest allocation of resources between the individuals. A 

better structuring of the market would allow adequate exchanges 

Generally, it is the whole of the sectors of revenue which suffer from a lack of organization 

and structuring. The potentialities exist but the lack of division and Community organization 

prevent the optimization of the exchanges. 

The prospect for creation of a real market wood of heating seems difficult to set up. 

 

Conclusion 

The objective of this study was to evaluate the impact of the production of oil of clove on the 

forest resources. The observation and the analysis of the current and last practices made it 

possible to give off two levers of action conditioning the availability of wood of heating: 

intensity of distillation and the dynamics of wood plantation of heating. It seems that the 

activity of distillation is not directly threatened in a near future, the distillers having 

developed palliative techniques such as the plantation of trees wood of heating or the cut of 

species with another use first (particularly the eucalyptus and the bamboo) 

Moreover, if one puts forth the hypothesis that the plantation comes systematically in answer 

to the reduction from the availability out of wood of heating, then with pressure of constant 
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distillation the activity would be perennial long-term in all the studied zones. On the other 

hand, in the event of intensification of the practice, of the compensatory measures should be 

founded such as the generalization of the stills improved or sensitizing and the technical 

support with integration of the tree wood of heating in the agricultural plot as an element of 

importance first. 

The figures of Malagasy exports of clove oil show it: the exported quantities do not cease 

increasing (INSTAT, 2014). While considering moreover than the world demand (Duclos, 

2012), that not made of the oil of clove is not entirely appeased a sector with a future, vector 

of development of the national economy and local. 

This transition is however not in agreement with the orientation of the current country 

strategies: traditionally, the cloves are used to produce nails and the distillation of the sheets 

comes only in complementation from the income. 

That it is compared to management of the products cloves or with the acceptance of new 

practices of management of the wood of heating (generalization of the plantation of trees 

wood of heating, use of new more elaborate stills), the Malagasy peasant must be detached 

from his antiquated techniques and accept the innovation like an asset and not like a source of 

disturbance “a difficult but decisive task, whose the adaptation to the modern world depends 

on the Malagasy culture, and thus his survival” (Urfer, 2013). 

 

3.2. Pathways to improve synergies between AFS and food crops at plot level 
 

Floristic analysis and composition of the various clove cultivation systems   

This study was carried out by Natacha Lydia Arimalala in 2014.  

 

Characterizations of the plantation systems (See the cultivated species and the species)  

The purpose of this phase was to determine the factors which characterize the type of already 

pre-set systems of plantation (Complex Monoculture, Agricultural Park and Systems 

Agroforests or SAF). For that, the study on field was based on the enumeration of all the 

woody and herbaceous plants existed while requiring of the farmers those which are 

cultivated and of those which were wild. The parameters considered are: 

- - many cultivated herbaceous species,  

- - covering of herbaceous cultivated,  

- - many cultivated woody species, 

- - number of woody individual cultivated,  

- - number of clove trees,  

- - surface occupied by the crowns of clove,  

- - surface occupied by the crowns of woody individuals,  

- - basal area of woody individual 

- - basal area of clove  

- - many wild herbaceous species 

- - Covering of the herbaceous savages 

- - many wild woody species 

- - number of woody individual savages 

The main results are in the following table:  
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    Caractéristiques sur les espèces associées Caractéristiques des girofliers 

Types de 
systèmes 

Sous types de 
systèmes 

Rythme 
d'évolution 

Noms de 
parcelles 

NEHS RHS NELS NILS NEHC RHC  NELC NILC 
STIL 

(m²/ha) 

SHIL 

(m²)/ha 
NPG /ha STG (m²/ha) 

STMG 
(m²/pied/ha) 

 

SHG (m²/ha) 

Monoculture 

 

 Pâturage à 
giroflier ancien 
arbore 

Non 
évolutif 

L2, L3, A3, A7 
et A8 

P= 6 

G= 14 

M= 9 

P= 2 

G= 3 

M= 2 

P= 1 

G= 3 

M= 2 

P= 0 

G= 5 

M= 3 

0 0 

P= 1 

G= 2 

M= 1 

P= 1 

G= 5 

M= 3 

P= 0,04 

G= 3,77 

M= 1,79 

P= 0 

G= 829 

M= 258,89 

P= 211 

G= 256 

M= 236 

P= 9,36 

G= 25,05 

M= 16,63 

P= 0,040 

G=0,105 

M= 0,07 

P= 3583,11 

G= 9830 

M= 5532,33 

Pâturage à 
giroflier récent 
non arbore 

Non 
évolutif 

L12, L13, L14,  

A21, A22 et 
A23 

P= 5 

G= 8 

M= 6 

P= 3 

G= 5 

M= 4 

P= 0 

G= 3 

M= 1 

P= 0 

G= 7 

M= 3 

0 0 0 0 

P= 0 

G= 4,68 

M= 0,78 

P= 0 

G= 1116,44 

M= 213,43 

P= 200 

G= 289 

M= 243 

P= 0,7 

G= 2,03 

M= 1,47 

P=0,003 

G=0,009 

M=0,006 

P= 2383,56 

G= 9659 

M= 5321,67 

Pâturage à 
giroflier ancien 
non arboré 

Non 
évolutif 

L1, A9 et A11 

P= 5 

G= 11 

M= 8 

P= 2 

G= 3 

M= 3 

P= 0 

G= 2 

M= 1 

P= 0 

G= 4 

M= 1 

0 0 0 0 

P= 0 

G= 0,90 

M= 0,30 

P= 0 

G= 74,11 

M= 24,70 

P= 200 

G= 278 

M= 226 

P= 6,32 

G= 11,12 

M= 8,68 

P= 0,032 

G=0,043 

M=0,038 

P= 2855,11 

G= 4474,56 

M= 3978,48 

 

Parc Agricole 

Parc agricole à 
giroflier ancien 
non arboré 

Evolutif 
rapide 

L16, L17 et A17 

P= 3 

G= 5 

M= 4 

P= 0 

G= 1 

M= 1 

P= 0 

G= 4 

M= 2 

P= 0 

G= 6 

M= 3 

P= 1 

G= 2 

M= 1 

P= 3 

G= 4 

M= 3 

0 0 0 

P= 0 

G= 180,11 

M= 36,04 

P= 156 

G= 211 

M= 178 

P= 1,34 

G= 1,50 

M= 1,42 

P=0,006 

G=0,010 

M=0,008 

P= 2808,22 

G= 6547,22 

M= 4382,25 

Parc agricole à 
giroflier récent 
arboré 

Evolutif 
rapide 

L15, A15, A16, 
A18, A1 et A20 

P= 2 

G= 6 

M= 4 

P= 0 

G= 2 

M= 1 

P= 0 

G= 2 

M= 1 

P= 0 

G= 2 

M= 1 

P= 1 

G= 2 

M= 2 

P= 3 

G= 4 

M= 4 

P= 1 

G= 4 

M= 2 

P= 1 

G= 6 

M= 3 

P= 0 

G= 0,36 

M= 0,10 

P= 0 

G= 867 

M= 269,08 

P= 111 

G= 189 

M= 159 

P= 0,35 

G= 0,60 

M= 0,48 

P=0,002 

G=0,005 

M=0,003 

 

P= 1927,22 

G= 3952,89 

M= 3039,69 

Parc agricole à 
giroflier ancien 

arboré 

Evolutif 
rapide 

L18 et A12 

P= 0 

G= 7 

M= 4 

 

P=0 

G=1 

M=0,5 

0 0 
P= 2 

G= 3 

M= 3 

P= 3 

G= 4 

M= 3 

P= 1 

G= 6 

M= 4 

P= 8 

G= 10 

M= 9 

P= 0 

G= 3,41 

M= 1,70 

P= 125,56 

G= 412,11 

M= 268,83 

P= 178 

G= 211 

M= 194 

P= 1,71 

G= 5,56 

M=3, 63 

P= 0,010 

G=0,026 

M=0,018 

P= 2277,56 

G= 4294,11 

M= 3285,83 

Récent parc 
agricole bisé 

Evolutif 
rapide 

L15 et A19 
P= 2 

G= 6 

1 0 0 P= 1 

G= 2 
4 

P= 0 

G= 4 

P= 0 

G= 8 

P= 0 

G= 0,95 

P= 0 

G= 860 

P= 89 

G= 111 

P= 0,62 

G= 0,70 

P=0,006 

G=0,008 

P= 1222,22 

G= 3083,44 
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M= 4 M= 2 M= 2 M= 4 M= 0,48 M= 430 M= 100 M= 0,66 M=0,007 M= 2152,83 

 

Système 
Agroforets 
Complexe 

 

 

 

Système riche 
et récent 

Evolutif 
lent 

L5, L7, L8, L9 et 
L11 

P= 6 

G= 11 

M= 7 

P= 2 

G= 4 

M= 3 

P= 1 

G= 3 

M= 2 

P= 1 

G= 4 

M= 2 

P= 0  

G= 8 

M= 3 

P= 0 

G= 3 

M= 2 

P= 5 

G= 13 

M= 8 

P= 9 

G=19 

M= 14 

P= 2,47 

G= 7,88 

M= 3,59 

P= 175,89 

G= 780,22 

M= 384,67 

P= 167 

G= 244 

M= 213 

P= 3,32 

G= 25,95 

M= 10,14 

P= 0,019 

G=0,156 

M=0,053 

P= 2457,22 

G= 6184,09 

M= 4558,24 

Système riche 
et ancien 

Evolutif 
lent 

A2, L19, A4, A5 
et A13 

P= 5 

G= 13 

M= 7 

P= 0 

G= 3 

M= 2 

P= 0 

G= 4 

M= 2 

P= 0 

G= 7 

M= 3 

P= 0 

G= 2 

M= 2 

 

P= 0 

G= 2 

M=1 

P= 6 

G= 8 

M=7 

P=8 

G= 24 

M= 17 

P= 1 

G= 7,19 

M= 3,76 

P= 172,22 

G= 1496,67 

M= 524 

P= 33 

G= 222 

M= 131 

P= 3,38 

G= 25,84 

M= 12,59 

P= 0,038 

G=0,345 

M=0,133 

P=1509 

G= 4306,67 

M= 2339,64 

Système 
pauvre et 

récent 

Evolutif 
lent 

L4, L6 et L10 

P= 5 

G= 7 

M= 6 

P=2 

G= 3 

M= 2  

P= 0 

G= 3 

M= 1 

P= 0 

G= 5 

M= 2 

P= 0 

G= 2 

M= 1 

P= 0 

G= 3 

M= 1 

P= 6 

G= 8 

M= 6 

P= 15 

G= 22 

M= 19 

P= 4,61 

G= 6,75 

M= 6,03 

P= 404,67 

G= 1050,56 

M= 692,22 

P=222 

G= 256 

M= 244 

P= 6,56 

G= 9,02 

M=7,75 

P= 0,030 

G=0,035 

M=0,032 

P= 4279,11 

G= 7918,78 

M= 6690,78 

Système 
pauvre et 

ancien 

Evolutif 
lent 

A1, A6, A10 et 
A14 

P= 5 

G= 13 

M= 9 

P= 2 

G= 3 

M= 2 

P= 0 

G= 7 

M= 3 

P= 0 

G=11 

M= 5 

P= 0 

G= 1 

M= 1 

P= 0 

G= 1 

M= 1 

P= 5 

G=7 

M= 6 

P= 10 

G= 22 

M= 14 

P= 5,65 

G=21,33 

M= 11,2 

P= 310,56 

G= 1055 

M= 686,11 

P= 67 

G= 233 

M= 158 

P=9,7 

G= 19,27 

M= 14 

P= 0,062 

G=0,289 

M=0,124 

P= 590 

G= 4741,44 

M= 3114,03 
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- study 3: a selection of 10 farmers with 30 plots have been selected in the Fénérive-East area 

for 2 years continuous monitoring on practices and outputs. The monitoring will be 

implemented every 1 or 2 months according to seasons and activities. It began in March 2014. 

For several reason (abandon of the International volunteer from La Réunion, delay in 

implementing the survey by a recruited technician…); only 2 series of measures have been 

implemented. The database is not yet completed. It will be done by the ned of 2015.  

 

3.3 Contribution of AFS products (clove essential oil) to food security and role of 
distillation units  

Studies around distillation and of the stills. 

Two studies were conducted in 2014 and 2015 by Radios Siomanjuntak on the Technico-

economic of the sector upstream of production of clove oil in Fénérive-East, Madagascar: 

from the leaf to the still 

The zone headlight of the production of clove of Madagascar is the area of Analanjirofo, more 

particularly in the districts of Mananara, Maroansetra, Fénérive-East, Soanierana Ivongo and 

of Vavatenina. The annual national production lies between 5,000 and 12,000 tons for the nail 

and 1,500 tons for the petrol. The clove (with the litchi) is the first source of income in the 

region for the producers (Cardno Emerging Markets Ltd, 2012; Ranoarisoa, 2012). This study 

suggested lies within the scope of the project EuropeAid AFS4FOOD. The total objective of 

the project is to improve food safety and the wellbeing of the African rural households 

through a better synergy between the tree-crops Agro-Forestry Systems. This project extends 

on three countries: Cameroon with the cocoa, Kenya with the coffee and Madagascar with the 

clove. 

This study proposes to analyse the whole of the actors and the processes of the collection of 

the sheet to the still to lead to clove oil and to answer the problems to better know the 

production, the working times, the costs, the incomes and the Valorisation of Work day (VJT) 

resulting from the production from clove oil. This information is important to understand the 

strategies of the producers. Finally, the study to meet a second aim which is to know the 

availability in resources in the sector of the production of clove oil. The study answers these 

problems by analysing the number of cloves, trees for the wood of heating and the water 

resources for the still.  

Main results  

Figure 9 shows us that the strongest operational loads are those of the share-cropping of clove 

oil supported by the producers who collect and who distil sheets in share-cropping (standard 

A2). The impact of the property of the trees for the collection of the sheets is thus extremely 

important. The second is the hiring of the still, followed by the wood of heating and oil for 

lighting.  

Operational loads for the production of oil 

The average selling price of petrol to a collector at the village east of 30,000 Ar. Table 

6 shows us the gross margin per litre of produced petrol, for the three types of 

surveyed producers. 
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Table 6: Marge brute par litre d’essence produit 

Type de 

producteurs 

Marge Brute / litre 

d’essence produit 

Type A1 27 019 

Type A2 12 536 

Type B 28 315 

 

Fuel wood 

The annual need for wood of heating by the producers was obtained through information for 

intensity and capacity for distillation since 2010 until 2013. The volume of wood necessary is 

obtained on the basis of calculation indicating that a distillation with full capacity requires of 

2.25 m
3
 of wood for heating.  

 
 

The availability out of wood for heating 

  

According to the discussions with the producers, one finds that most the availability out of 

wood of heating on their plots is weaker today in comparison with 5 years earlier. The 

greatest wood consumption of heating results from distillation to the still. Because of the 

insufficiency amongst trees for the wood of heating, 9 producers of our sample (that is to say 
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30%) buy wood of heating for distillation. Calculation shows that the economic impact of the 

purchase of the wood of heating for the producers who work only with by family work is an 

increase in operational loads of 66%. The producers also explained that there is now a change 

of the wood species of heating which are used with the still. Five years ago, the wood of 

heating was especially provided by the albizzia (Paraserianthes falcataria) and the bonara 

(Albizia lebbeck L. Benth), whereas maintaining the species dominant are the ranominty 

(Tetranthera laurifolia Jacq.) and the bamboo (Bambusa sp.).  

 

 

 

 

 

 

 

 

 

 

 

The SWOT analysis of the production of clove oil and leaf is the following one:  

Strenghts 

- The VJT is high 

- Flexible device in time 

- The will to plant and replant yellow seedlings of 
cloves is high 

- The sufficiency of factors supporting (stills, 
sources of water, wood of heating) 

- The sufficiency of factors supporting (stills, 
sources of water, wood of heating) 

Weaknesses 

- The system of distillation needs much wood of 
heating 

- The volunteer to replant young wood seedlings of 
heating is weak 

Opportunities 

- Development programs of agriculture of clove 

- Accessibility to the markets 

- The petrol price is high in these last years 

Threats 

- The cyclone and the andretra pest 

- Impact to collect leaves on the production of nail 

 

Several studies were carried out on the sector of cloves such as factors of variation of the 

petrol output by Sandratriniaina (2014), the international market of the clove by Quentin 

(2014), the impact of the public policies by Maincent (2014), etc. This study makes it possible 

to have a vision on the actors, the activities, the working times, the costs and the strategies of 

the producers for the production of clove oil. The results of this study make it possible to 

make a comparison of the valorisation of the work day in this sector and the others. Even 

The availability of wood of 

heating in 2014 in comparison 

with 5 years earlier 

 The wood origin of heating wood 
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without having a plot, a worker of the sector of production of clove oil has an income more 

raised than that which works in a sector of production of rice. This is why, the production of 

petrol plays a significant role like the financial engine at the village surveyed. Certain data of 

this study were used to model the strategies of the systems of production and origin of the 

incomes of peasants as what was carried out by Fourcin (2014). 

Rakotoarison (2013) explains why the petrol yield increases with the duration of going drying 

of 2% for a drying of leaves of 1 day with 2.6% for a drying of more than 4 days. On the other 

hand, the branches collected by most producers observed are dried on the spot without special 

attention, which causes a weak output. It is thus important to show the duration of drying of 

leaves to the producers. According to the producers, the use of wood of heating during 

distillation causes a strong demand on the existing potential wood stock of heating and leads 

quickly to the reduction in the population of the wood trees of heating on their plots.  

To cope, one recommends: 

 To innovate by adopting systems of distillation more effective on the level of use of 

wood of heating and adaptable for the villagers according to the rates of filling and the 

durations of distillation. During distillation, a quantity of water is added in the tank to 

compensate for the water lost by evaporation and that lasts 30 minutes. This operation 

proportionally increases the fuel expenditure and the time of distillation. By ensuring 

continuity and a perfect sealing of the system, Sandratriniaina (2014) explains why it is 

possible to reduce to the maximum to even remove the sequences of intermediate water 

addition. This action must be accompanied by a modification on the level of the shape of 

the piping which must allow the continual return of water in the tank while avoiding the 

escape of the gasoline fumes. The quantity of petrol contained in the distilled raw 

materials is inversely proportional at the time of distillation and with the number of wood 

of heating used. It is thus paramount to take account of the effective nature of the 

activity. 

 To encourage the peasants to replant trees with wood vocation of heating to rapid growth 

to preserve the resource with the species already present in particular Albizia falcataria, 

Albizia lebbeck L. Benth and Eucalyptus spp. Albizia falcataria and Albizia lebbeck L. 

Benth are known like the easily planted trees. They have nodules on the level of the roots 

following symbiosis with bacteria rhizobium which can contribute to the production of 

the nitrogen (NR) in the soil (Hardiatmi, 2010). While Eucalyptus spp can be also used 

like the wood for construction. 

 

Inquire into the production of essential oil of clove: the point of view of the owners of stills in 

the area of Fénérive -East 

This study will continue the result of the investigations conducted in 2014, by Radios 

Simanjuntak, centred on the point of view of the users of still (country buildings). This work 

will target, as for him, the owners of still for the distillation of essential oil of clove. The 

production of essential oil of clove is regarded as one of the principal variables of adjustment 

of the agricultural income (Fourcin, Penot et al., 2014) allowing food safety. By the 

description of a typology of owner, one wishes here to know the various ways of managing 

and strategies related to the stills. 

The aim of the study is thus to analyse the management of the stills by the owners. A 

typology of the owners will be carried out according to their capacity with the innovation, 

based in particular on the possibility of the adoption or not of the improved stills developed 

by the CTHT. (on the declaration that there is currently 2 experimental improved stills). 
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In order to answer the problems, the following points will be approached: 

- the characterization of customers (source, development of consumer loyalty, etc.); 

- importance of the activity of distillation compared to the other activities of the owner,  

- methods of management of the stills by reports to the users, the perceived incomes  

- strategies on displacements 

- determination amongst distillation a year; 

- bonds between the wood consumption, the number of stills and the total production of oil 

on the studied villages and Fokontany. 

Lastly, for better identifying the strategies, the study will identify: 

- a typology of owners and situations; 

- possibilities of innovation, centred mainly on the investment or not in an improved still; 

- costs, investments and lifetime of the stills. 

One notices here that the number of distillation supplements average a year for the 3 zones 

east from approximately 16, the data oscillating between 0 and 60 distillations. Four 

categories thus are distinguished: the first quarter of the owners realizing less than 7 complete 

distillations a year; the second for those realizing between 7 and 10 distillations; the third 

quarter with 10 to 20 distillations and finally the last quarter for the owners realizing more 

than 20 distillations a year. 

 

On the commune of Ambatoarana, one notices as a whole that many complete distillations are 

carried out, since the average is there of 23 (out of orange on the figure.). More precisely, 

73% of the stills of this sample are located in the last 2 quartiles of the basic sample, that is to 

say between 10 and 20 complete distillations. 

For Ambodimanga II, one notices a certain correspondence with the whole of the sample, 

with an average of 15 distillations for this commune. The distribution of the individuals 

between the quartiles is there too equivalent to that of the total sample within the 3 zones of 

study.  
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At Vohipeno, few complete distillations are carried out since the average is there of 8.90% of 

the owners are placed in the first 2 quartiles being spread out from 1 to 10 distillations, 

including 50% with 10 distillations and the 40% remainder from 1 to 7 distillations. 
 

 
 
 

 
 
 

Figure 10: Many complete distillations carried out on the commune of'Ambatoarana 

Figure 11: Nombre de distillations complètes sur la commune d'Ambodimanga II 

Figure 12: Nombre de distillations complètes sur la commune de Vohipeno 
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One notices thus that the activity of distillations is primarily related to the financial needs for 

the households at particular periods: to ensure food safety, schooling… and the welfare 

expenditures. 

 

 

 

One also notices differences according to the zones in studies as for the number of 

distillation/distiller per still, with on Ambatoarana a strong pressure of distillations per still 

and for Vohipeno on the contrary, a low pressure. For these 5 last years for the 3 communes, 

one has noted a total reduction amongst distillers by still, following a competition more 

increased. This report correlates with the age of the stills which for much have installed 

between 2010 and 2015, dependant on the very remunerative price of clove oil. Lastly, 

concerning the prices of hiring, they are rather homogeneous in the time and between the 

zones of study, with average costs for a cooking full with ½ litre with clove oil for 5 litres 

produced/distillation. 

One distinguishes 3 classes of context related to competition between the stills. 

The first class relates to the stills located in zones with (strictly) more than 6 stills with 

villages. The proximity with the still nearest is there strong, since lower generally than 400m. 

The quantity of distillers a year per still is also raised, and is on average of 19 distillers, 

including 10 permanents and 9 passengers. These zones are thus marked by a strong density 

of still, as well as a strong demand on behalf of the distillers. The owners associated with this 

type draw their main source from income from the products cloves (their nails and oils) and 

from the hiring from their still. Lastly, on the whole of the sample ¼ of the questioned 

owners, coming primarily from Ambatoarana, correspond to this type. 

The second class concerns the owners located in zones with between 4 and 6 stills with 

villages. The proximity with the still nearest is described there as “average”, since ranging 

between 500 and 700 meters generally. And the pressure of request of the local distillers is 

raised enough, since one counts on average 16 distillers by stills, with a fair distribution 

between momentary and local distillers. These owners draw their main source from incomes 

of the products of the clove (their nails and oils). About half of the interviewed owners are 

connected with this class. They for the majority of them are located on the commune of 

Ambodimanga II. 
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The last class relates to the zones with low density of stills, with villages presenting 3 or less 

stills. The distance with the still nearest is very high there, since the average is of more than 

1200m. The local demand is keen there, since one notes an average of 17 distillers per still, 

including nearly 7 permanents and 10 temporaries. These owners find their main source of 

income thanks to the products of the cloves. A quarter of the questioned owners, located 

mainly with Vohipeno, correspond to this type. For all 3 type of contexts presented, in each 

case the owners evoked to feel subjected to the competition of the stills in the vicinity. 

 

 

 

Results of WP 3 
In Madagascar, 3 studies were implemented:  

 Study 1: Plot characterization and typology of cropping systems: a sample of 74 clove 

based plots were selected to characterize plot structure from this 74 plots, 29 were 

selected and monitored by M. Lobietti in 2013 to perform a typology based on the 

preliminary studies done by T. Michels, E. Penot, P. Danthu and S. Levasseur in 2012.  

 Study 2: A sample of 27 clove based plots were identified for dendrometric analysis 

and the study of the biological composition, in order to obtain a more detailed 

typology according to trees, plants and crops associated to clove in the 3 systems: 

monoculture, parks and agroforestry systems. The study has been implemented by 

Natacha Arimalala Lydi under the supervision of P. Danthu and E. Penot, in 2013. The 

current results need to be completed by an additional sample with 6 monoculture plots 

and 15 parks plots in April 2014. A publication is scheduled on that research for end 

of 2014. 

 Study 3: A selection of 10 farmers with 30 plots have been selected in the East-

Fenerive area for 2 years continuous monitoring on practices and outputs. The 

monitoring will be implemented every 1 or 2 months according to seasons and 

activities. It began in March 2014.  
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WP4: Characterization of the AFS main-crop quality for value addition to 

farmers’ incomes 
 

4.1. Characterization of the quality of AFS products at plot level 
 

Comparison of Malagasy species with species from other major producing countries  
 

Activity 1 

Bud, leaf and stem essential oil composition of Syzygium aromaticum from Madagascar, 

Indonesia and Zanzibar 

Abstract: 

Syzygium aromaticum essential oil is widely used in dental care, as an antiseptic and analgesic 

and is effective against a large number of bacteria. The major component of clove essential 

oils is usually considered to be eugenol, with β-caryophyllene and eugenyl acetate, being 

present although in lower concentrations. A review of published results reveals a great 

variability in the chemical composition of clove essential oils. The purpose of this study is to 

compare the chemical composition of Madagascar, Indonesia and Zanzibar bud, leaf and stem 

essential oils. 121 commercial essential oils isolated from bud, leaf and stem were used in this 

work. The oils were analysed by GC and ten constituents were identified from the whole. The 

major constituent of Madagascar and Indonesia bud essential oils was eugenol (72.08 – 

80.71% and 77.32 – 82.36% respectively). Out of this constituent which was common to 

Madagascar and Indonesia bud essential oils, significant difference was observed with respect 

to eugenyl acetate (11.68 – 21.32% vs 8.61 – 10.55% respectively) and β–caryophyllene (2.76 

– 6.38% vs 5.34 - 8.64% respectively). Comparing chemical composition of leaf essential oils 

from Madagascar with those of Indonesia, variation in the contents of main constituent, 

eugenol (80.87 – 83.58% vs 75.04 – 77.54%), β-caryophyllene (11.65 – 15.02 vs 17.04 –

19.53%) and eugenyl acetate (0.29 – 1.45% vs 0 - 0.06%) was observed. The major 

constituents of Madagascar, Indonesia and Zanzibar stem essential oils were eugenol (91.81 - 

96.65%, 88.76 - 89.28% and 87.52 - 89.47%, respectively) and β-caryophyllene (1.66 - 

4.48%, 7.40 - 7.75% and 7.19 - 9.70%). For each plant material, variation in the percentage of 

the main constituents was observed according to the sample geographic origin. 

 

Objective: 

The purpose of this study is to compare the chemical composition of Madagascar, Indonesia 

and Zanzibar bud, leaf and stem essential oils. 

Experimental trial: 

S. aromaticum essential oil used in this study were commercial samples provided by either 

industrial exporting companies of Madagascar, of Indonesia and of Zanzibar. The essential oil 

samples were dried over anhydrous sodium sulphate (Na2SO4) and stored in a cool and dark 

chamber until their analysis by Gas Chromatography (GC). 

The distribution of the 121 essential oils samples was analysed by principal component 

analysis (PCA) using the XLSTAT Version 2012 statistical software package. The data set 

was composed of the values taken by the variables identified by GC and the 121 S. 

aromaticum essential oil samples. 
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Results: 

Bud essential oils (45 samples), leaf essential oils (32 samples) and stem essential oils (44 

samples) were analysed by GC. Ten constituents were identified and quantified, as shown in 

table 2. Great variability in the chemical compositions of the three essential oils was observed 

(Table 2). In all essential oils, eugenol was the major constituent, with increasing percentages 

from bud (72.08 – 82.36%) to leaf (75.04 – 83.58%) and to stem (87.52 – 96.65%). In bud 

essential oils this compound is followed by eugenyl acetate (8.61 – 21.32%), while in leaf and 

stem the latter was detected in considerably lower amounts (0 – 1.45% and 0.07 – 2.53% 

respectively). In leaf essential oils, the second main compound was β-caryophyllene (11.65 –

19.53%) less represented in bud essential oils (2.76 – 8.64%) and in stem essential oils (1.66 – 

9.72%). 

Conclusion 

Taking into account our research, we can affirm that it is possible to use the percentage of 

eugenol, eugenyl acetate and β-caryophyllene to characterize the essential oil obtained from 

the different plant parts, bud, leaf and stem. For each plant material, variation in the 

percentage of these three main constituents was observed according to the geographic origins 

of sample. 

The results will be available in an article titled:  

“Bud, leaf and stem oil composition of clove (Syzygium aromaticum L.) from Indonesia, 

Madagascar and Zanzibar.” International Journal of Basic and Applied Sciences, 3 (3) 

(2014) 224-233 

B- Determination of quality oils and nail sheet in relation to the complexity of the structure 

(AFS monoculture agro-forest simple and complex) and seasonality of production. 

The overall objective of this study is to evaluate the sources of variability determining the 

quality of clove, the chemical composition of buds, leaf and stem essential oils to understand 

their origins to optimize the conditions of clove essential oil production that meet the quality 

criteria sought on the international market: a highest possible content in eugenol. 

To answer the question and unlike numerous works (the vast majority) addressing the issue of 

the variability of essential oils, the procedure that we developed in this study was based on 

two innovative principles that we believe relevant: (i) develop a traceability method from the 

harvest of cloves and essential oil in plant materials collected on each identified tree until 

analysis, (ii) take into account both climatic factors and factors modulated by cultural 

practices to assess the individual variability of the main clove products.  

To achieve these targets, many training courses were conducted. 

Work 1:  

Title: 

Effects of phenological stages on yield and composition of essential oil of Syzygium 

aromaticum buds from Madagascar 

Abstract:  

Variation on yield and composition of the essential oil of Syzygium aromaticum buds from 

Madagascar at different phenological stages including young bud stage, budding stage 1, 

budding stage 2, budding stage 3, full budding stage, flowering stage, initial fruiting stage, 
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full fruiting stage are reported. The essential oil yield varied from 2.52% to 17.94%, reaching 

a maximum at the end of budding stage, after which it rapidly decreased. The essential oil was 

analysed by GC and four constituents were identified and quantified for whole phonological 

stages. Eugenol and eugenyl acetate were the main compounds in all samples. Eugenol, was 

lower in the young bud stage (39.66%) and increased in the subsequent phenological stages to 

reach maximum in the full fruiting stage (94.89%). In contrast, eugenyl acetate was higher in 

the young bud stage (56.07%), after which decreased to reach minimum in the full fruiting 

stage (2.01%). 

Objective: 

The Objective of this work is to describe the essential oil yield and composition of S. 

aromaticum buds at different phenological stages as well as to determine the optimal 

accumulation period of eugenol content. 

Experimental trial: 

Cloves buds of S. aromaticum were collected at different phenological stages from three 

individual trees, named 1, 2 and 3, grown in the region Atsinanana of Madagascar, fokontany 

Analamalotra (S 18°05’ / E 049°21’). Harvesting time was stretched monthly in July 2012 

(young bud) to February 2013 (full fruiting). Thus, 24 samples were used in this study. 

100 g of fresh clove buds from each tree were subjected to hydrodistillation using a Clevenger 

apparatus over 4 h. The oils obtained were separated from water by decantation, dried over 

anhydrous sodium sulphate (Na2SO4) and yield percentage was calculated as volume of 

essential oil per 100 g of plant dry matter weight. The extracted oils were stored at 4 °C in the 

dark until their analysis by gas chromatography (GC). 

Results: 

Following the eight phenological stages, essential oil yield of S. aromaticum buds varied from 

2.52% to 17.94%, reaching a maximum at the end of budding stage, after which it rapidly 

decreased (Fig. 3). According to the ANOVA analysis (Fisher test, using a significance level 

of p  0.05) the essential oil yield showed four phases. In the first phase, remarkable lower 

variation in oil content was observed from young bud stage (17.58%) to full budding stage 

(17.94%). During the second phase (flowering stage), the oil contents decreased rapidly to be 

12.25%. In the third phase (initial fruiting stage), the oil content decreased continuously and 

was detected at 9.46%. The last phase (full fruiting stage) was characterized by lowest amount 

of essential oil yield about 2.52%. Based on these results, we calculated that the maximum 

essential oil production occurred in the full budding stage (17.94%), which has rarely been 

reported in other plant. 

The 24 samples of S. aromaticum buds oil were analysed by GC and four constituents, β- 

caryophyllene, caryophyllene oxide, eugenol and eugenyl acetate, were identified and 

quantified, as shown in table 2. These four identified compounds constituted from 97.98% 

(young bud stage) to 99.54 % (budding stage 2) of the total integrated GC peak area at the all 

phenological stages (Table 2). Eugenol and eugenyl acetate were the main compounds in all 

samples. Eugenol, was lower in the young bud stage (39.66%) and increased in the 

subsequent phenological stages to reach maximum in the full fruiting stage (94.89%). In 

contrast, eugenyl acetate was higher in the young bud stage (56.07%), after which decreased 

to reach minimum in the full fruiting stage (2.01%). 

Conclusion: 

In this study, we investigated the yield and the chemical composition of the essential oil 

isolated from S. aromaticum buds from Madagascar during different phenological stages, 
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which has not been reported in other research. The most significant differences between the 

eight phenological stages were the changes in essential oil content and in the percentages 

eugenol and eugenyl acetate. According to our results, the best time to harvest clove bud for 

their essential oil is in full budding stage to obtain the highest amount of yield and eugenol. 

This result confirms the knowledges of the farmers by collecting cloves at this stage of 

development. 

The results will be available in an article titled:  

“Effects of phenological stages on yield and composition of essential oil of Syzygium 

aromaticum buds from Madagascar”. International Journal of Basic and Applied 

Sciences, 2 (4) (2013) 312-318. 

Work 2: 

Title: 

Effects of developmental stages on yield and composition of essential oil of Syzygium 

aromaticum leaf from Madagascar 

Abstract 

Syzygium aromaticum essential oil is widely used in dental care, as an antiseptic and analgesic 

and is effective against a large number of bacteria. The chief constituent of clove oil is 

eugenol, which is used as a starting material for the production of vanillin. In this study, we 

investigated the chemical composition of the essential oil isolated from S. aromaticum leaf 

during four developmental stages including young leaves stage (A), expanded leaves 1 stage 

(B), expanded leaves 2 stage (C) and mature leaves stage (D). Following the four 

developmental stages, essential oil yield of S. aromaticum leaf was higher in the stage A 

(5.06%), after which decreased to reach minimum in the stage D (3.79%). The essential oils 

were analysed by GC/MS. It was possible to distinguish three chemical patterns through 

principal components analysis and agglomerative hierarchical clustering analysis using the 16 

constituents identified by GC/SM and the 20 clove leaf oil samples. The first chemical pattern 

is collected at young leaves stage (red and small leaves) and characterized by lower content of 

eugenol (25.43 – 30.38%) and higher percentage of eugenyl acetate (61.44 – 65.52%). The 

second chemical pattern composed by all samples harvested at expanded leaves 1 stage (pink 

leaves) is characterized by eugenol (58.29 - 61.53%) and eugenyl acetate (26.67 - 32.65). The 

last chemical pattern is composed of all samples harvested at expanded leaves 2 (pale green 

leaves) and mature leaves stages (dark green leaves) which are characterized by higher 

content of eugenol (84.00 – 90.48%) and lower percentage of eugenyl acetate (0.36 - 7.16%). 

Objective: 

The Objective of this work is to investigate the chemical composition of the essential oil 

isolated from S. aromaticum leaf during four developmental stages, which has not been 

reported in other research. 

Experimental trial: 

Leaves of S. aromaticum were collected at four developmental stages including young leaves 

stage (A), expanded leaves 1 stage (B), expanded leaves 2 stage (C) and mature leaves stage 

(D) from five individual trees, named 1, 2, 3, 4 and 5, grown in the region Analanjirofo, East 

of Madagascar, Village of Ambodimanga II, Fokontany of Ambatombary (S 17°20’ / E 

049°21’). 
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100 g of fresh clove leaf from each tree were subjected to hydrodistillation using a Clevenger 

apparatus over 4 h. The oils obtained were separated from water by decantation, dried over 

anhydrous sodium sulphate (Na2SO4) and yield percentage was calculated as volume of 

essential oil per 100 g of plant dry matter weight. The extracted oils were stored at 4 °C in the 

dark until analyses. The extracted oils were stored at 4 °C in the dark until their analysis by 

gas chromatography (GC/SM). 

Results: 

Following the four developmental stages, essential oil yield of S. aromaticum leaf was higher 

in the stage A (5.06%), after which decreased to reach minimum in the stage D (3.79%). 

The 20 samples of S. aromaticum leaf oil were analysed by GC/MS and 16 constituents were 

identified and quantified as shown in table 2. These 16 identified compounds constituted from 

98.79% to 99.35% of the total integrated GC peak area at the four developmental stages 

(Table 2). Eugenol and eugenyl acetate were the main compounds in all samples. Eugenol 

was lower in stage A (25.43 – 30.38%) and increased in the subsequent developmental stages 

to reach maximum in stage C and D (84.00 – 90.48%). In contrast, eugenyl acetate was higher 

in the stage A (61.44 – 65.52%), after which decreased to reach minimum in the stage D (0.36 

– 1.64%). 

Conclusion: 

In this study, we investigated the yield and the chemical composition of the essential oil 

isolated from S. aromaticum leaves from Madagascar during four developmental stages, 

which has not been reported in other research. The most significant differences between the 

four developmental stages were the changes in essential oil content and in the percentages 

eugenol and eugenyl acetate. According to our results, it is recommended to use clove leaf 

collected at expanded leaves 1 stage (pale green leaves) and at mature leaves stage (dark 

green leaves) to obtain the best amount of yield and high concentration of eugenol. 

The results will be available in an article titled:  

“Effects of developmental stages on yield and composition of essential oil of Syzygium 

aromaticum leaf from Madagascar”. This article will be submitted at International 

Journal of Basic and Applied Sciences (September 2015) 

Work 3: 

Title: 

Chemical characterization of the Syzygium aromaticum leaves oil from Madagascar: Influence 

of treatments and state of leaves on the quality of oil. 

Abstract: 

Numerous studies have shown that essential oil from clove leaves present a high qualitative 

and quantitative variability of chemical composition constituted principally by eugenol, beta 

caryophyllene, caryophyllene oxide and eugenyl acetate. This study concerns the 

determination of these variability sources, taking into account the factors related to plant 

materials, scale local producers from District of Fénérive East. Statistical analysis of the data 

(CAH, ACP, ACM and AFD) have allowed to distinguish three groups of essential oils from 

clove leaves respectively characterized by a high percentage of eugenol (84%), an average 

percentage of chemical composition and a high percentage of beta-caryophyllène (16,9%), 

caryophyllene oxide (1,8%) and eugenyl acetate (1,7%). These three groups can be explained 



108 

 

by the different treatment made by essential oil producers. The branches drying process of 

clove increases sesquiterpens content (beta-caryophyllene and caryophyllene oxide), the 

storage of branches decreases eugenyl acetate content but increased this eugenol and a high 

proportion of leaves adult stages occasioned by infrequent cutting (once per year) increases 

eugenol content. These treatments also influence over the yield of essential oil from clove 

leaves who increases with drying process and with a high proportion of juvenile leaves caused 

by a clove twigs cuttings more frequent (three times per year). 

 

Main Objective: 

The objective of this work is to evaluate the sources of yield variability and the oil chemical 

composition of Syzygium aromaticum leaves to understand their origins and to optimize the 

production conditions. 

 

Specific Objectives: 

Determine the factors connected to the plant material which can influence the quality of the 

essential oil 

Put at the disposal of the operators (farmers, collector…) informative data allowing to 

optimize the quantity and the quality of essential oil. 

 

Expected Results: 

The study should bring information objectified as for the methods impact and the conduct of 

distillation on the yield and the quality of clove leaves oil, collected in the Malagasy context 

so that these products correspond to the international standards. 

 

Localization of the middle of studies: 

Situated on the east central coast of Madagascar, Ambatoharanana is a member of the District 

of East Fenerive in the region Analanjirofo. It is localized between 17°12 ' and 17°25 ' of 

latitude the South and 49°12' and 49°20' of longitude East. 
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Essential oils sampling: 

64 essential oils were used in this study. 

N° 
FOKONTANY 

(or commune) 
VILLAGES CODES ECHANTILLONS NOMBRE 

1 AMBATOHARANANA  AMB 

AMB1, AMB5, AMB2A, AMB2B, 

AMB2C, AMB2D, AMB3A, AMB3B, 

AMB3C 

9 

2 LOHARIANA  LHR LHR1, LHR2, LHR3A, LHR3B 4 

3 AMBODIHAZININA AHZ 

AHZ1, AHZ3, AHZ5, AHZ6, AHZ7C, 

AHZ8, AHZ4A, AHZ4B, AHZ4C, 

AHZ7A, AHZ7B, 

11 

4  AMBODIVOHITRA 

Ambodivohitra ABV ABV1, ABV2, ABV3, ABV4,  4 

Marovanihy MRV MRV1 1 

Tsaratampona 2 TSR  TSR1, TSR2, TSR3,  3 

Andratambe ADR ADR1, ADR2, ADR3,  3 

5 SOBERAKA 

ambolomadinika ABL ABL1, ABL2 2 

Sahavolo SHV SHV1 1 

Ambodiovitra ABO ABO1 1 

Antanankoro ATK ATK1 1 

Manaratsandry MNR  MNR1 1 

6 AMBODIHASINA  ABH ABH5, ABH9A, ABH9B, ABH9C 4 

7 TSARATAMPONA I  TST 
TST1, TST2, TST3, TST4, TST6, 

TST7, TST8 
7 

8 MANAKAMBAHINY  MKB MKB1, MKB2, MKB3 3 

9 AMBODIAFOMENA  AFM AFM1 1 

10 AMBOHIMANARIVO  AMN AMN2 1 

11 AMBODIMANGA MAHALENA  ABM ABM1 1 

12 AMPIRANAMBO II  APR APR3 1 

13 MANGOANDRANO  MGD MGD1, MGD2 2 

14 BEAMPY  BAP BAP1 1 

15 Commune de VOHILENGO  VHL VHL1 1 

16 Commune d’AMPASINA MANINGORY  APM APM2 1 

 TOTAL 64 

Gas chromatography: 

Essential oils were analysed by gas chromatography (GC) using Focus GC equipped with a 

flame ionization detector (FID) and capillary column (polyethylene glycol: 30 m x 0.25 mm 

i.e. 0.25 µm film thickness). The flow of the carrier gas (N2) was 1 ml/min and the split ratio 

1:10 (1µl 10:100 heptane solution). Temperature was programmed to increase from 60 to 
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180°C at the rate of 7°C/min. Injector and detector temperatures were respectively held at 230 

and 250 °C. 

Statistical analysis: 

The distribution of the 64 samples was analysed by Principal Component Analysis (PCA) by 

Agglomerative Hierarchical Clustering analysis (AHC) and Discriminate Factorial Analysis 

(AFD) using the XLSTAT Version 2013 statistical software package. The data set was 

composed of the values taken by four variables identified by GC and the 64 clove leaf oil 

samples 

Results: 

The objective of the present study is to determine the factors connected to raw materials 

which can influence yield and chemical composition on the essential oil of clove. For that 

purpose, it is advisable to determine the various current practices made by the producers of 

essential oil. 

  Various treatments of leaves before the distillation 

a) Drying 

- 1 day 

- 2 days 

- 3 days 

-  4 days 

b) Storage 

- 0 day 

- 1 day 

- 2 days 

- 3 days 

-  4 days 

 Yield according to the duration of drying 
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 Yield according to the duration of storage 

 

 Chemical composition according to the duration of drying 
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 Chemical composition according to the duration of storage 

Conclusion: 

An increase of the yield in essential oil of leaves according to the duration of drying was 

observed. However, yield decrease following the storages of leaves. Drying has not impact on 

the chemical composition of oil extracted from fresh leaves or dried after 4 days. The content 

in majority components remains approximately stable. 

Recommendations: 

 Drying leaves in the shade not exceeding one week; 

 Avoid exposing leaves to the sun and in the rain (loss of yield); 

 Avoid the storage in bundle of sticks (fermentation of leaves, depreciates the organoleptic 

quality of oil); 

 Before distillation, place leaves under the covered area which protects the “alembic” by 

enlarging it;  

 Leaves to be distilled for higher content of eugenol: fewer young leaves, many old leaves 

and 20 to 30 % of twigs. 

 

The results will be available in: 

Mémoire de fin d’étude pour l’obtention du diplôme d’ingéniorat ESSAgro 

Département Agriculture, soutenu le 18/09/2013, titled « Contribution à la 

caractérisation chimique de l'huile essentielle de feuilles de Syzygium aromaticum de 

Madagascar. Influence des traitements des feuilles sur la qualité des huiles essentielles. » 
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Work 4: 

Title: 

Evolution post-harvest on the quality of clove buds essential oil and the clove buds flavour: 

organoleptic, physico-chemical characteristics and chemical composition. 

RANDRIAMIARINARIVO Manitriniaina (Master II ESPA Génie Chimique). 

Main Objective: 

The objective of this study is to study the variability of the size, the weight, the density, the 

colour, the weight, the activity of water, the chemical composition and the physicochemical 

characteristics of essential oils of the nails according to their phenotypical stage and the 

duration of drying in order to obtain the best yield and the highest content eugenol. 

Localization of the middle of studies: 

The cloves were gathered in the month of November and December 2013 on feet of clove in 

the Analanjirofo area of Madagascar, common Fénérive East, Fokontany Ambatombary and 

Ambodivona. The nails were sorted and gathered according to their phenotypical stage in 6 

stages. 

Experimental trial: 

The averages of the weight, the size and the diameter of the head of the nails were calculated 

starting from the values obtained on 30 nails of each phenotypical stage before and after 

drying. The size and the diameter were measured with a stone slide while the weight requires 

the use of an analytical balance. 

The analysis of colour is frequently an important consideration to determine the effectiveness 

of a series of post-harvest treatments. Consumers can easily be influenced by preconceived 

ideas in the way in which a fruit or a particular vegetable should appear. The measuring 

instrument Chroma meter MINOLTA gives coordinates which indicate exactly the colour 

measured in a three-dimensional colour space.  

Gas chromatography: 

Essential oils were analysed by gas chromatography (GC) using Focus GC equipped with a 

flame ionization detector (FID) and capillary column (polyethylene glycol: 30 m x 0.25 mm 

i.e. 0.25 µm film thickness). The flow of the carrier gas (N2) was 1 ml/min and the split ratio 

1:10 (1µl 10:100 heptane solution). Temperature was programmed to increase from 60 to 

180°C at the rate of 7°C/min. Injector and detector temperatures were respectively held at 230 

and 250 °C. 

Statistical analysis: 

The distribution of the 64 samples was analysed by Principal Component Analysis (PCA) by 

Agglomerative Hierarchical Clustering analysis (AHC) and Discriminate Factorial Analysis 

(AFD) using the XLSTAT Version 2013 statistical software package. The data set was 

composed of the values taken by four variables identified by GC and the 64 clove leaf oil 

samples 
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Preliminary results: 

 Difference of the colour according to the stage of maturity of the nails 

The value of “has” increases with maturity. It passes from -9.49 for the “babies cloves”, to 

4.25 for the nails quite mature and reached the maximum value of 24.51 for the brads nor 

flowers. The value of “B” and L vary but little, respectively 36.10 and 46.93 for the youngest 

nails, they become 21.38 and 26.00 when the nails become fruits.  

 

 

 

 A B C D1 E F 

Criterias 

 Clous de 

couleur 

verte 

Clous 

commença

nt à donner 

une 

couleur 

rouge mais 

la couleur 

verte 

domine 

Clous 

ayant une 

couleur 

presque 

rouge (le 

rouge 

domine 

par 

rapport 

au vert) 

Clous 

bien 

mature, la 

tête des 

clous est 

colorée in 

rouge. 

 Une partie 

du clou 

colorée in 

jaune et la 

majorité in 

rouge, clou 

ayant une 

fleur jaune 

claire  

Clous de 

couleur 

rouge 

grenat 

(tous les 

étamines 

ont 

tombé) 
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 Biometric analyses 

The weight of the youngest (A) nails is weakest (161mg). This value increases until the stage 

where the nail is in full maturation (D) (284mg) then decreases a little when it loses its head 

(E) (72mg) before taking a little mass with the seed training (F) (74mg).  

Sample A contains the smallest quantity out of eugenol (51.11%). But, during drying, these 

values do not cease increasing and arrive up to 75.53% at the 5th day of drying. For the 

samples B, C and D, this content is stabilized respectively around 70%,80% and 84%. The 

content eugenol of the samples E increases by 90% to 94% in 5 days of drying. And for the 

samples F, the content eugenol varies but very little around 91 and 92%. The content acetate 

of eugenyl always varies contrary to that of eugenol. When eugenol has an increasing 

tendency, acetate of eugenyl varies in a direction decreasing and conversely. As for B-

caryophyllene, oxide of caryophyllene and have-humulene, their content varies independently 

of the two above mentioned compounds (eugenol and acetate of eugenyl) 

 Effect of drying 

Sample A contains the smallest quantity out of eugenol (51.11%). But, during drying, these 

values do not cease increasing and arrive up to 75.53% at the 5th day of drying. For the 

samples B, C and D, this content is stabilized respectively around 70%,80% and 84%. The 

content eugenol of the samples E increases by 90% to 94% in 5 days of drying. And for the 

samples F, the content eugenol varies but very little around 91 and 92%. The content acetate 

of eugenyl always varies contrary to that of eugenol. When eugenol has an increasing 

tendency, acetate of eugenyl varies in a direction decreasing and conversely. As for B-

caryophyllene, oxide of caryophyllene and have-humulene, their content varies independently 

of the two above mentioned compounds (eugenol and acetate of eugenyl). 

C- Influence of tree crop productivity on the final product quality 

The study was started during last semester through a training course done in the framework of 

a DEA at University of Antananarivo. 

Title: 
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Development of clove performance in Madagascar: the effect of endogenous and 

environmental factors  

Objective: 

The objective of this work is to provide the first knowledge basis about the factors influencing 

the flowering of clove, and therefore the development of nail performance. This work will 

follow several cycles of nails production to quantify the yields fluctuation. We are interested 

in the flowering of a point of view of yield and for its development over time (more or less 

synchronized within the trees and between the trees: effect on the maturity and nails quality, 

many harvest rounds). Given the current knowledge on clove and more generally on tree 

flowering, and field observations done in December 2011, three assumptions are made about 

the nature of these factors: 

- Factors specific to the species: flowering is related to architectural development in 

terms of structural and temporal, of the tree; 

- Environmental factors: temperature, rainfall, soil type, water supply ...; 

- Farming practices: particularly severe pruning of trees for distillation can affect 

flowering.  

This year was devoted to the implementation of monitoring the phenology and climate in the 

areas of Tamatave and Fénérive and periodic monitoring of the occurrence of different plant 

(buds, branches, leaves) and reproductive (inflorescences drafts, claws and nails) organs.  

Preliminary results: 

The observations related to 32 trees (20 in Tamatave area and 12 in Fénérive area) showed 

that cloves are distributed on tanety (hillsides) and lowland. The trees in Tamatave areas were 

differentiated according to whether they are pruned or not pruned. The results of the 

observations done since March 2012 showed a very weak flowering. On the 640 axes studied 

at the beginning, only about ten gave well differentiated inflorescence in June. These 

floriferous axes are gathered on same trees which in majority are located on lowland. From 

the architectural point of view, they are also characterised by a former flowering. The easier 

access to water and the climatic conditions can explain why only certain trees flowered on the 

same site. The trees located on tanety for Tamatave, having been pruned, did not flower and 

present branches which dried out in the course of time. The evolution of floral buttons is not 

synchronous with the floriferous branches. Deeper observations in time are necessary to 

specify the factors producing clove. These will be continued during year 2 of the project. At 

present, the sampling is initiated to map the oil quality in relation with the production system. 

Two students (University of Antananarivo, Ecole Supérieure des Sciences Agronomiques) 

were appointed to realize a study on the quality evaluation in the relation with the distillation 

system and to have information about the best conditions to obtain oil with high content of 

eugenol. They are working on these topics during three months (12 February to 12 May 

2013). 

 

 

4.2. Drivers of the quality of AFS products at plot level and at first transformation 
 

On the clove tree, we are nothing information on the process of distillation. The first action 

will thus be to characterize the various existing systems and the second stage will be to realize 

this extraction in conditions controlled to obtain the best eugenol contents, because this 

parameter is the main parameter of the prize of the essential oil. 
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Work 1: 

Title: 

Effects of the distillation parameters on the quality of oil of Syzygium aromaticum leaves: 

Studies of the functioning of traditional “alembic” in the district of Ambatoharanana, region 

of Analanjirofo east of Madagascar. 

Abstract: 

In the district of Ambatoharanana, there are more than 100 plants specialized in the 

distillation of clove leaves. 64 samples were collected from 50 traditional stills. The extraction 

yield was 2.39%. Following to a gas chromatography analysis, four main chemical 

components could be depicted. Such as: eugenol (81.06%), β-caryophyllen (14.49%), 

caryophyllen oxide (1.59%) and eugenyle acetate (1.50%). They approximately represented 

98.64% of whole chemical compounds. Statistical analysis (ACP, AFD, CAH)) stipule that 3 

types of stills corresponded to three chemical profiles. They are rich in eugenol (83.7%) but 

poor in β-caryophyllen (12.06%), caryophyllen oxide (1.39%) and eugenyl acetate (1.21%). 

The second was roughly equal to the general average: its eugenol was at 80.72%, β 

caryophyllen at 15%, caryophyllen oxide at 1.63% and eugenyle acetate at 1.31%. The third 

presented only 77.22% of eugenol with a large quantity of β-caryophyllen (16.82%), eugenyle 

acetate (2.22%) and caryophyllen oxide (1.85%). While monitoring each process, it was 

crystal clear that there was no really link between chemical compounds and the type of stills. 

Thanks to ACM statistical analyses, it was concluded that productivity would rely on quality 

and the availability of input such as raw materials, equipment and distillation techniques. 

Unlike producers, families benefited more from that activity. 

Main Objective: 

The main objective is to optimize the conditions of production of yield and chemical 

composition of essential oil, according to the “alembic” and the parameters of distillation. 

Specific Objectives: 

- To describe the essential oil yield and composition of S. aromaticum leaves collected in the 

district of Ambatoharanana, region of Analanjirofo east of Madagascar (typology of 

alembic). 

- To analyse the relations between the chemical composition and the yield, on hand, and to 

analyse the parameters of distillation on the other hand. 

Expected Results: 

- Quantification of the impacts of the parameters of distillation and the specificity of “alembic” 

on the quantitative and qualitative variations of leaves essential oil of clove tree. 

- Finalized by a decision-making tool intended for the actors (farmers, collectors, exporters…) 

in this the sector. 

Localization of the middle of studies: 

Situated on the east central coast of Madagascar, Ambatoharanana is a member of the District 

of East Fenerive in the region Analanjirofo. It is localized between 17°12 ' and 17°25 ' of 

latitude the South and 49°12' and 49°20' of longitude East. 



118 

 

   

 

Essential oils sampling: 

64 essential oils were used in this study. 

N° 
FOKONTANY 

(or commune) 
VILLAGES CODES ECHANTILLONS NOMBRE 

1 AMBATOHARANANA  AMB 

AMB1, AMB5, AMB2A, AMB2B, 

AMB2C, AMB2D, AMB3A, AMB3B, 

AMB3C 

9 

2 LOHARIANA  LHR LHR1, LHR2, LHR3A, LHR3B 4 

3 AMBODIHAZININA AHZ 

AHZ1, AHZ3, AHZ5, AHZ6, AHZ7C, 

AHZ8, AHZ4A, AHZ4B, AHZ4C, 

AHZ7A, AHZ7B, 

11 

4  AMBODIVOHITRA 

Ambodivohitra ABV ABV1, ABV2, ABV3, ABV4,  4 

Marovanihy MRV MRV1 1 

Tsaratampona 2 TSR  TSR1, TSR2, TSR3,  3 

Andratambe ADR ADR1, ADR2, ADR3,  3 

5 SOBERAKA 

ambolomadinika ABL ABL1, ABL2 2 

Sahavolo SHV SHV1 1 

Ambodiovitra ABO ABO1 1 
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Antanankoro ATK ATK1 1 

Manaratsandry MNR  MNR1 1 

6 AMBODIHASINA  ABH ABH5, ABH9A, ABH9B, ABH9C 4 

7 TSARATAMPONA I  TST 
TST1, TST2, TST3, TST4, TST6, 

TST7, TST8 
7 

8 MANAKAMBAHINY  MKB MKB1, MKB2, MKB3 3 

9 AMBODIAFOMENA  AFM AFM1 1 

10 AMBOHIMANARIVO  AMN AMN2 1 

11 AMBODIMANGA MAHALENA  ABM ABM1 1 

12 AMPIRANAMBO II  APR APR3 1 

13 MANGOANDRANO  MGD MGD1, MGD2 2 

14 BEAMPY  BAP BAP1 1 

15 Commune de VOHILENGO  VHL VHL1 1 

16 Commune d’AMPASINA MANINGORY  APM APM2 1 

 TOTAL 64 
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Gas chromatography: 

Essential oils were analysed by gas chromatography (GC) using Focus GC equipped with a 

flame ionization detector (FID) and capillary column (polyethylene glycol: 30 m x 0.25 mm 

i.e. 0.25 µm film thickness). The flow of the carrier gas (N2) was 1 ml/min and the split ratio 

1:10 (1µl 10:100 heptane solution). Temperature was programmed to increase from 60 to 

180°C at the rate of 7°C/min. Injector and detector temperatures were respectively held at 230 

and 250 °C. 

Statistical analysis: 

The distribution of the 64 samples was analysed by Principal Component Analysis (PCA) by 

Agglomerative Hierarchical Clustering analysis (AHC) and Discriminate Factorial Analysis 

(AFD) using the XLSTAT Version 2013 statistical software package. The data set was 

composed of the values taken by four variables identified by GC and the 64 clove leaf oil 

samples. 

Results: 

 Yield 
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 Chemical composition 
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Recommendations to optimize yield and eugenol content: 

 Reorganization of the home 

 

 

 Reorganization of the home (continued) 

 



124 

 

 

  Conception of the « top » and the hydraulic joint 
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 Conception of improved « oiler » and « condenser » 
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  Conception of the cohobating system 

 

 
 

  Fuels 

Fuels relatively dry wood and of sections averagely reduced. 

The results will be available in: 

Mémoire de fin d’étude pour l’obtention du diplôme d’ingéniorat ESSAgro 

Département Industries Agricoles et Alimentaires, soutenu 31/01/2014, Titled 

« Contribution à l’étude de la variation de la qualité de l’huile essentielle de feuille du 

giroflier à Madagascar: Effets des paramètres de distillation. » 

Work 2: 

Title: 

Optimization of the yield and quality essential oil of leaves of clove. Modifications and 

improvements of the traditional still. 

Main Objective: 

The objective of this study is to modify and improve a traditional still in order to optimize the 

output and the quality of essential oils of leaves of clove. 

Specific Objectives: 

The specific objective is to raise the parameters related to operation of the still before and 

after the modifications and improvements. The following table summarizes the raised 

parameters. 
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Parameters to record 

Combustibles Combustibles consommés durant la distillation (Kg) 

Durée 
Durée d’apparition de la première goutte de condensat (h) 

Durée de distillation (h) 

Huile essentielle 

Cinétique de distillation (Quantité d’HE obtenue par heure) 

Quantité d'HE Obtenue (l) 

Rendement total in huile essentielle (V/P % de Matière fraîche) 

Composition chimique (% relatif) 

Results: 

 • Made modifications and improvements 

o O Refitting of the hearth 

So that the whole of the boiler profits from the heating power of hot gases coming from the 

hearth, it is essential to vertically extend this last by a 20 cm thickness ring. This ring must 

cover the circumference of the boiler. The extension finishes on the level of the piping of 

redistillation by an embankment able to store the heat. 

  

In order to improve ventilation of the hearth, the installation of a grid is essential. This device 

will divide the hearth in two levels. Besides being a support for fuels, the upper part is the seat 

of an air flow of combustion primary while an air flow of combustion secondary is designed 

to circulate below the grid. To be able to resist fire, such a structure must be worked with 

metals great thickness. The dearness of these materials could prevent the application of this 

solution. As alternative, it can be interesting to dig along the depth of the hearth. This channel 

can be surmounted by stones while leaving rather large openings to allow freedom of 

movement of the air. Moreover, it must be enough broad to facilitate the removal of ember 

excesses using a shovel. The following figure illustrates this recommendation. 

 

 

 

 

o Refitting of the chimney 

The existence of the chimney provided with an adjustable shutter is essential, not only to 

channel the exit of hot gases, but also to define a pulling. This phenomenon of aspiration is 

due away from density between hot smoke and the ambient air. For most stills, the origin of 

the conduit of the chimney is on the same level that the base of the hearth. That involves the 

direct expulsion of the gases coolants towards outside. The displacement of the chimney in 
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extreme cases of the vertical extension of the hearth then makes it possible to evacuate the hot 

masses of air only after having heated the boiler. For stills having an average volume of 1000 

litres, the diameter of the chimney can be fixed at 165mm. 

 

o O Modification of the tank 

To increase the time of appearance of the first drop of distillate, it is enough to replace the 

bottom of the tank by a coated sheet or out of less thick aluminium of 1.5 mm thickness. The 

modification of the opening in “V” of the tank intended to form the joint with the still-head by 

an opening in “U” makes it possible to ensure the sealing of the tank with the still-head. Thus 

the fibre rots of banana trees are replaced by a simple water seal. 

The mode of heating of the stills requires the adaptation a perforated grid a 10 cm height, 

leaving an empty part between the bottom, the leaves and water in the tank making it possible 

to avoid the phenomenon of pyrolysis which would affect the quality of oil. 

  
 

o Modification of the still-head 

To ensure the sealing of the still-head with the swan neck it is enough to replace the fibre rots 

of banana trees by a simple water seal by modifying the higher opening of the slightly 

widened still-head in « U ». 
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During distillation, the vapours condensed on the level of the dome systematically do not 

reinstate the interior of the still. They can run out along stops still-head and flow in the gutter 

in “V” of the boiler. This phenomenon can involve losses of active ingredients. To cure it, it is 

necessary to install a deflector on the inner face of the dome which makes it possible to bring 

back the condensates in the still. The deflector is materialized by a cylindrical sheet metal. 

 

o Modification of the swan neck 

To avoid the loss oils some which condenses before the refrigeration in the swan neck, an 

increase in its slope is necessary. Thus, the oil trapped in the swan neck can run out by 

gravitation in the condenser. 

  

o Modification of the Condenser 

The height of the condenser cannot be modified because it is conditioned by that of was in 

which it is plunged. On the other hand, to modify the diameter external to 40 cm and the 

internal diameter to 25 cm is possible thus allowing a good refrigeration.  

 

 

The adaptation of the circulation of the water of the cooling agent to counter-current, entered 

in bottom and exit in top, makes it possible to avoid the overheating of the refrigeration water. 
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o Modification of the oiler 

With the contact with the plastic, oil loses its quality, thus the replacement of the two plastic 

seals by aluminium seals is essential. 

 

o Modified and improved still 
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 Study of the performance of the still before and after the modifications and the 

improvements 

o Fuel 

 

  

o Duration of appearance of the first drop 
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o Kinetics of distillation 

 
 

o Quantity of essential oil collected and output 
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o Chemical Composition (relative %) 
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Conclusion and recommendation:  

Modifications and improvements made on the still: 

- Huge Hearth allowing a good distribution of fire, 

- Hot Gases lick all the part of the tank before being evacuated, 

- Time of appearance of the first very fast drop of distillate, 

- Time of distillation is reduced, 

- Reduction of wood consumption of heating, 

- Sealing of the tank - still-head, still-head -, swan neck swan neck - condenser ensured, 

- Refrigeration and fast flow of distillate, 

- Output and improved quality of oil 

 

 

 

Results of WP 4 
 

 Bibliography consulted; 

 Competitiveness of clove oil from Madagascar will help Malagasy farmers to 

complete others origins; 

 Some determinants of the variability on the quality (eugenol content) and quantity 

(yields) of cloves buds, leaves and stems essential oils were determined; 

 Some recommendations to optimize the conditions of essential oil production (yield 

and eugenol content) according to the treatment of raw material, the “alembic”, the 

distillation method were supplied;  

 One article, one poster and two student’s reports are available. 
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2.3. Activities that have not taken place  
All activities could be done according to planned schedules, thanks to the 6-months extension 

allowed; no modification of planned activities were necessary.  

 

In Kenya, due to some civilian unrest during the general election in Kenya in March 2013, the 

fieldwork was halted from January to late March 2013. Therefore, the activities were slightly 

delayed, but the country partners were able to increase the collection of data and fulfil the 

collection of data and do the analyses during the project extended period. No difficulties in 

other countries. 

 

2.4. What is your assessment of the results of the Action?  
The project has allowed to collect a large amount of information, obtained from a large 

number of cacao farms. Statistical analyses were used to get definitive and precise results, the 

data obtained allowed us to identify interesting trends, that are described above. 

 

2.5. What has been the outcome on both the final beneficiaries and target? 
In Cameroon: A generalized use of these techniques would increase revenue from cacao-

based AFS plots as well as their contribution to food-security. The results and 

recommendations were passed to the farmers through meetings and demonstrations in their 

own farms. 

 

In Kenya: Partners are collaborating fully and farmers’ representatives and local authorities 

are also keen to participate and share their views. Clearly, this is due to contacts and activities 

developed with these local partners during a previous project (CAFNET: Connecting, 

enhancing and sustaining environmental services and market values of coffee agroforestry in 

Central America, East Africa and India) which has facilitated the work of the Kenyan team. 

 

In all three countries, farmers were fully collaborating and providing ample information on 

their management strategies and constraints during interviews while often helping to take 

samples in their various cropping systems. Therefore, the project has allowed to collect a 

large amount of information, obtained from a large number of farms. 

 

The results and recommendations were passed to the farmers through meetings and 

demonstrations in their own farms. 

 

2.6. List of all materials produced during the Action 
Publications and students’ reports were the main produced materials. 

–  Students’ trainings 

•  Cameroon:       13 students (11 Africans) 

•  Kenya:             10 students (  7 Africans) 

•  Madagascar:    17 students (10 Africans) 

 

–  Scientific articles 

•  Cameroon:        1 (published) + 7 (in progress)        

                   Other: 1 modelling tool 

•  Kenya:              2 (in progress) to assess food security at farm level 

•  Madagascar:     5 (published) + 4 (in progress) 

•  Transversal:      4 (in progress) 
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2.7. List of contracts (works, supplies, services) above 10.000 € awarded 
No such contracts were submitted. 

 

 

2.8. Describe if the Action will continue after the support from the 

African Union has ended 
The action will continue through associated projects done in the same regions. In addition, 

new projects are submitted to donors; and in particular, through the H2020 initiative. 

 
 

2.9. Explain how the Action has mainstreamed cross-cutting issues such as 

promotion of human rights, gender equality, democracy, good 

governance, children's rights and indigenous peoples, environmental 

sustainability 
The action has hired 65 % of African students (45% European); also, 54% of the students 

were female. No children were hired as workers in the trials.  

 

The project has definitely promoted environmental sustainability as it was one of the main 

topics that was studied by this project.  

 

 

2.10. How and by whom have the activities been monitored/evaluated? 
The project has been monitored three times by African Union officers:  

- In December 2012 by Mr. Yayehyirad Kassa and Testi Abdurhaman Sherif; 

- in May 2014 by Mr. Hambani MASHELENI and Retselisitsoe Mabote; 

- in September 2015 by Mr. Yayehyirad Kassa and Dereje Belachew. 

  

All routine technical and financial monitoring reports were positive and encouraging. 

 

 

 

2.11. What has your organisation/partner learned from the Action and how 

has this learning been utilised and disseminated? 
 

Our experience on the benefits and challenges of collaborative research 
By sharing the knowledge between researchers working on various crops in various environ-

ments and with different populations, we can: 

- Learn how others work, thus better develop our own work. 

- Find other solutions to solve a problem; e.g.: incoherence in actions or farmer’s 

activities can be explained by experience from somewhere else. 

- Join scientific subjects from different crops or fields of activities to work faster 

and give a new slant on our own work, and save time. 

 

The project was able to initiate a new network of researchers from the 3 African countries and 

France (CIRAD and partners) that would have not known each other without it.  
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Lessons learned 
We felt that the food security problems are not as widespread as people say. In particular, 

farmers can make confusion between food security and income security, particularly when 

they are challenged with changes in production forms or status of activities; e.g. farmers 

becoming farm workers, or family members getting more autonomy (a son going to town, a 

wife getting landowner, etc.). 

 

No real food security issues were noticed in our studies in the Cocoa-, coffee- or clove- based 

AFS. 

 

The increase in density of agricultural population leads to a transformation of agrarian areas 

into urban areas and the creation of new activities. 

 

Finally, we noticed a high adaptive capacity of farmers in response to fluctuating international 

market. Thanks to the diversification of the agroforestry farmers’ activities, they can bounce 

back and adapt better than monocrop farmers. This was true for all three situations (different 

crops and environments). An interesting point is that despite the fact that situations seemed 

different at first glance, the problems are quite similar and similar solutions were found by 

farmers. 

 

 

Sustainability and impact of our research work on socio-economic development 
• Clove: This project has brought all new information on an agricultural sector poorly 

documented and the clove chain is virtually absent from the research. 

• Safou: New form of conservation of the product; i.e. new market for this fruit. 

• Production forms: We were able to show how they evolve and can be useful for public 

policies. 

• AFS are used by farmers to respond to risk management, mainly because of their 

plasticity. 

• Other impacts from the results of the project: 

– Forms of intensification compatible with the AFS. 

– Selection of the trees based on their interest (yield, types of product, 

environmental services). 

– Appropriate cultivation practices. 

– Choice of recommendations depend on situations/contexts. 
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3. Partners and other Co-operation 
 

 

3.1. How do you assess the relationship between the formal partners of 

this Action? 
Cameroon 
 

Links with IRAD are very close as both CIRAD and IRAD researchers based in Cameroon 

are involved in the project. Moreover, they are already working together for several years on 

the research station near IRAD Yaoundé. Partnership with IRAD as regarding the 

implementation of administrative and financial procedures and scientific programming was 

quite satisfactory. 

 

Kenya 
• Partner 

ICRAF is fully collaborating with the project, particularly in hosting African and European 

graduate students, as well as via technicians and researchers participating in data collection in 

the target zone. ICRAF also plays the role of administrative support to the project in Kenya 

and has greatly contributed to the organisation of the Second International workshop of 

AFS4Food in Nyeri, Kenya in October 2013. 

 

• Associate 

CRF is fully collaborating in meetings, workshops and contacts with local coffee 

communities. CRF has led on the ground the study on coffee quality in WP4, particularly in 

selecting farms, taking soil and coffee samples at the peak of harvest. For all the farms 

sampled, CRF has done soil analyses and given written recommendations of fertilizer 

applications that have been greatly appreciated by farmers.  

 

Madagascar 
• Partner 

The local partner (CTHT) provides a major function in the implementation of the operations 

on the identified sites of intervention because it has of a qualified supervisory staff and a good 

knowledge of the zone. Its logistic support is essential for the reception and the operation of 

the trainees and the experts. 

In addition, the laboratory of the CTHT guarantees a fast treatment of the products to be 

analysed. 

The whole of the administrative procedures related to the contract agreement of the trainees is 

ensured by the CTHT. 

 

• Associate 

The ESSA is the main Malagasy scientific partner contributes actively to the implementation 

of the research activities by the framing of national trainees and the mobilization of experts in 

charge of the operations of distillation. This structure co-signs all the publications. 

 

3.2. Is the partnership to continue? 
Yes, the partnership is continuing after the project has ended. This will be done through little 

shared activities and partnership in writing further research projects. 
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3.3. How would you assess the relationship between your organisation and 

State authorities in the Action countries? 
 

Cameroon 
CIRAD has good relations with the Cameroonian authorities and a framework agreement was 

signed between CIRAD and the French Ministry of Research (MINRESI). 

 

Kenya 
The relationships between the project partners (CIRAD, ICRAF & CRF) and local 

organisations and authorities are good as the partners periodically have feedback meetings 

with their representatives and the project work appears very relevant to them. 

 

Madagascar 
The relationships with the Malagasy administration (agriculture and research) remained little 

developed because of the current political context (absence of recognized government). 

Information concerning the project however is transmitted to the local services in charge of 

agriculture. 

 

 

3.4. Describe your relationship with any other organisations involved in 

implementing the Action 
Cameroon 
Links with cacao farmers in the region of Bokito existed for over ten years through various 

research activities conducted by IRAD and CIRAD. 

 

Kenya 
• Final Beneficiaries and Target groups 

Clearly, the project relationships with target farmers and coffee societies (local farmers’ 

unions) are excellent as the work undertaken and themes studied (coffee quality, soil fertility, 

assessment of constraints of coffee farmers) are very relevant for them.  

 

• Other third parties involved (including other donors, other government agencies or local 

government units, NGOs, etc.) 

The project work is well perceived by local third parties as results and recommendations from 

the project are useful to them. Clearly, these third parties, especially NGOs, would have like 

very much that the project would go beyond research and recommendations into 

implementation (for example, establishment of shade tree nurseries), but funds allocated to 

the project do not allow us to do so.  

 

Madagascar 
• Final Beneficiaries and Target groups 

Taking into account our regular presence in the zone, the relations with the producers are 

good and their contribution is effective.  

 

The exporters have just gathered in professional body to defend the interests of their sector 

and to contribute to his structuring. In this context the works undertaken on the quality of the 

petrol and the improvement of the techniques of distillation interest these professionals 

particularly. 
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3.5. Outline any links and synergies you have developed with other 

actions 
Cameroon 
A synergy has been implemented with an agroforestry based project (SAFSE) involving 

CIRAD and other institutes involved in agronomical research and with a research platform in 

Cameroon (“DP Agroforestry”), gathering CIRAD, IRAD, universities and NGO specialized 

in agroforestry. 

 

Kenya 
Due to the project and information already gathered, two agronomy students have been 

selected and will start working for their PhD in the target zone of AFS4Food; the first one, 

Ethiopian, will start his socio-economic research in mid-May 2014 and the second one, 

Spanish, will be start his work on gas emission and mitigation in September 2014. 

 

Due to the AFS4Food project and existing partnership in Kenya, a proposal has been 

developed and submitted early March 2014 to the Swiss Research Foundation in collaboration 

with the University of Zurich (ETH) to study the promising adaptation potential of coffee 

agroforestry systems to climate change. 

 

Madagascar 
The PARRUR project (financed by French Embassy) which is more particularly interested in 

aromatic quality of the products resulting from the clove, cooperates with the agents involved 

in the activities of the WP4 because it constitutes a complementary information source. 

 

 

 

3.6. If your organisation has received previous EU grants in view of 

strengthening the same target group, in how far has this Action been 

able to build upon/complement the previous one(s)? 
No other EU projects were financing the same target groups. 

 

 

 

3.7.  How do you evaluate co-operation with the services of the 

Contracting Authority? 
The cooperation with the services of the Contracting Authority was very good and well 

organized at our end. Any question we could have about the functioning of the activities were 

answered in due time. The monitoring visits were fruitful. Also, despite financial audits were 

locally not easy to manage, we received good support from A.U. and E.U. officers facilitating 

the financial reports. 
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4. Visibility  
4.1. Website 

To ensure the visibility of the project, we have created a Web site, available at: 

http://afs4food.cirad.fr/en.  

 

 

4.2. Advertisement  

The website is also advertised in other partners’ websites; and particularly on the website of 

Cirad in East Africa. 
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5. Consent and signature

The European Commission may wish to publicise the results of Actions. Do you have 

any objection to this report being published on EuropeAid Co-operation Office website? 

If so, please state your objections here. 

I have no objections. 

Name of the contact person for the Action: Didier SNOECK 

Signature: ……………………………………… 

Location:  CIRAD 

TA B34 / 02 

Avenue Agropolis 

34398 Montpellier Cedex 5 

FRANCE 

Date report due: 04 January 2016 

Date report sent: 14 January 2016 
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6. Annex: Final financial report 
 

 
Reallocati

on
Expenditures incurred 

From: 04/04/2012

1,000000 0,817840

Unit # Units
Unit cost 

(in EUR)

Costs

(in EUR)

allowed 

reallocatio

n

# Units
Unit cost   (in 

EUR)

Total cost   

(in EUR)

Total cost

(in EUR)
# Units

Unit cost   

(in KES)

Total cost   

(in KES)

Total cost

(in EUR)

Expenditures (a) (b) (a)*(b) (d1) (e1)
(f1) = 

(d1)*(e1)

(g1)=

(f1)*(Fx-rate1)
(d2) (e2)

(f2) = 

(d2)*(e2)

(g2)=

(f2)*(Fx-

rate2)
1. Human Resources
1.1 Salaries (gross salaries including social security charges and 

other related costs, local staff)  = f1 / e1  = TDC!_B / Tx_Chg = TDC!_C  = TDC!_D

1.1.1. Technical staff Cameroon Per month 96 115 11 040 0,9 115 100,63 100,63 0,0 0 0 0,00

1.1.1. Technical staff Kenya Per month 31 695 21 750 0,0 695 0,00 0,00 25,2 695 17 493,00 14 306,47

1.1.1. Technical staff Madagascar Per month 43 259 11 254 0,0 0 0,00 0,00 0,0 0 0,00 0,00

1.1.1. Technical staffs France Per month 3 4 380 13 140 3,9 4 380 17 296,73 17 296,73 0,0 0 0,00 0,00

1.1.2. Administrative/ support staff Cameroon Per month 36 200 7 200 11,9 200 2 388,23 2 388,23 0,0 0 0,00 0,00

1.1.2. Administrative/ support staff Kenya Per month 36 200 7 200 0,0 490 0,00 0,00 44,8 200 8 959,08 7 327,09

1.1.2. Administrative/ support staff Madagascar Per month 36 200 7 200 0,0 0 0,00 0,00 0,0 0 0,00 0,00

1.1.3. Student training Cameroon Per month 23 46 1 062 49,8 46 2 292,97 2 292,97 0,0 0 0,00 0,00

1.1.3. Student training Kenya Per month 43 420 18 020 0,0 420 0,00 0,00 8,3 420 3 502,78 2 864,71

1.1.3. Student training Madagascar Per month 73 199 14 555 24,9 149 3 715,88 3 715,88 0,0 0 0,00 0,00

1.1.4. Researcher Cameroon Per month 75 460 34 500 0,0 0 0,00 0,00 0,0 0 0,00 0,00

1.1.4. Researcher Kenya Per month 8 4 500 36 000 0,0 4 500 0,00 0,00 5,6 4 500 25 000,00 20 446,00

1.1.4. Researcher Madagascar Per month 90 296 26 640 0,0 0 0,00 0,00 0,0 0 0,00 0,00

1.1.4. Researchers France Per month 37 12 000 444 000 18,7 12 000 224 770,17 224 770,17 0,0 0 0,00 0,00

1.2 Salaries (gross salaries including social security charges and 

other related costs, expat/int. staff) 0,00 0,00

1.2.1. Administrative/ support staff Cirad France Per month 6 5 000 30 000 3,2 5 000 15 887,15 15 887,15 0,0 0 0,00 0,00

1.2.2. Student trained in France Per month 41 420 17 220 12,3 420 5 159,93 5 159,93 0,0 0 0,00 0,00

1.2.3. Researcher Cirad France Per month 32 6 800 217 600 11,3 6 800 76 744,55 76 744,55 0,0 0 0,00 0,00

1.2.4. Coordinator Cirad France Per month 5 9 700 48 500 1,9 9 700 18 716,40 18 716,40 0,0 0 0,00 0,00

1.3 Per diems for missions/travel 0,00

1.3.1. Abroad staff assigned to the Action Cameroon Per diem 146 132 19 341 60,4 132 7 971,00 7 971,00 0,0 0 0,00 0,00

1.3.1. Abroad staff assigned to the Action Kenya Per diem 138 144 19 879 0,0 123 0,00 0,00 0,0 0 0,00 0,00

1.3.1. Abroad staff assigned to the Action Madagascar Per diem 229 97 22 159 109,6 97 10 629,00 10 629,00 0,0 0 0,00 0,00

1.3.1. Abroad staff assigned to the Actions Ethiopia Per diem 0 180 0 0,0 0 9 937,64 9 937,64 0,0 0 0,00 0,00

1.3.2. Local staff assigned to the Action Cameroon Per diem 1 399 22 30 816 786,5 22 17 303,87 17 303,87 0,0 0 0,00 0,00

1.3.2. Local staff assigned to the Action Kenya Per diem 461 35 16 170 31,5 149 4 691,59 4 691,59 9,6 35 335,38 274,29

1.3.2. Local staff assigned to the Action Madagascar Per diem 30 19 560 5,6 19 105,96 105,96 0,0 0 0,00 0,00

1.3.3. Seminar/conference participants Cameroon Per diem 120 20 2 400 0,0 20 0,00 0,00 0,0 0 0,00 0,00

1.3.3. Seminar/conference participants Kenya Per diem 120 20 2 400 0,0 20 0,00 0,00 0,0 0 0,00 0,00

1.3.3. Seminar/conference participants Madagascar Per diem 120 20 2 400 0,0 20 0,00 0,00 0,0 0 0,00 0,00

Subtotal Human Resources 1 083 006 417 711,70 417 711,70 55 290,24 45 218,56

2. Travel

2.1 International travel

2.1.1. International travel Cameroon Per flight 12 1 200 14 748 3,2 1 200 3 793,89 3 793,89 0,0 0 0,00 0,00

2.1.2. International travel Kenya Per flight 14 1 200 16 304 0,1 1 200 144,66 144,66 0,0 0 0,00 0,00

2.1.3. International travel Madagascar Per flight 12 1 500 17 548 5,9 1 500 8 897,73 8 897,73 0,0 0 0,00 0,00

2.1.4. International travel Ethiopia Per flight 0 1 500 0 0,0 0 1 845,42 1 845,42 0,0 0 0,00 0,00

2.1.5. International Travel across Africa Per flight 18 1 500 27 000 5,9 1 500 8 870,05 8 870,05 0,0 0 0,00 0,00

2.2 Local transportation 0,00 0,00

2.2.1. Local transportation Cameroon Per month 36 180 6 480 39,3 180 7 072,77 7 072,77 0,0 0 0,00 0,00

2.2.2. Local transportation Kenya Per month 29 424 12 420 15,3 424 6 505,57 6 505,57 6,6 424 2 816,04 2 303,07

2.2.3. Local transportation Madagascar Per month 18 709 12 898 3,3 709 2 354,02 2 354,02 0,0 0 0,00 0,00

Subtotal Travel 107 398 39 484,11 39 484,11 2 816,04 2 303,07

3. Equipment and supplies

3.1. Purchase or rent of vehicles Per vehicle 1 28 000 28 000 0,0 28 000 0,00 0,00 0,0 0 0,00 0,00

3.2. Furniture, computer equipment per unit 5 988 4 940 0,5 988 469,09 469,09 1,8 988 1 775,00 1 451,67

3.3. Machines, tools per unit 7 918 6 422 5,4 918 4 915,33 4 915,33 0,8 918 747,90 611,66

3.4. Spare parts/equipment 0 0,0 0 379,90 379,90 0,0 0 0,00 0,00

3.5. Other (please specify) per unit 4 1 300 5 500 0,3 1 300 379,35 379,35 0,0 0 0,00 0,00

Subtotal Equipment and supplies 44 862 6 143,67 6 143,67 2 522,90 2 063,33

4. Local office

4.1. Vehicle costs Per week 272 40 10 880 78,0 40 3 118,94 3 118,94 0,0 0 0,00 0,00

4.2. Office rent Per month 0 0,0 0 0,00 0,00 0,0 0 0,00 0,00

4.3. Consumables - office supplies Per month 83 374 31 110 37,8 384 14 500,95 14 500,95 19,9 374 7 457,80 6 099,29

4.4. Other services Per month 180 31 5 580 14,0 31 433,68 433,68 0,9 31 28,40 23,23

Subtotal Local office 47 570 18 053,57 18 053,57 7 486,20 6 122,51

5. Other costs, services

5.1. Publications per unit 27 160 4 320 5,6 160 903,75 903,75 0,0 0 0,00 0,00

5.2. Studies, research per unit 8 154 1 295 0,0 154 0,00 0,00 3,9 154 600,00 490,70

5.3. Expenditure verification per unit 12 1 725 20 700 5,3 1 725 9 120,86 9 120,86 0,0 5 502,30 4 500,00

5.4. Evaluation costs per unit 0 0,0 0 0,00 0,00 0,0 0 0,00 0,00

5.5. Translation, interpreter per unit 0 0,0 0 50,31 50,31 0,0 0 0,00 0,00

5.6. Financial services (bank guarantee costs etc. per unit 108 50 5 400 0,0 50 0,00 0,00 0,0 0 0,00 0,00

5.7. Costs of conferences/seminars per unit 3 1 820 5 460 0,1 1 517 116,37 116,37 0,0 0 0,00 0,00

5.8. Visibility actions per unit 1 260 260 0,0 260 0,00 0,00 0,0 0 0,00 0,00

Subtotal Other costs, services 37 435 10 191,29 10 191,29 6 102,30 4 990,70

6. Other

6.1. Material for laboratory trials Cameroon per unit 46 411 19 110 5,2 411 2 153 2 153,00 0,0 0 0,00 0,00

6.1. Material for laboratory trials Kenya per unit 3 1 000 3 000 13,4 1 000 13 397,00 13 397,00 0,0 0 0,00 0,00

6.1. Material for laboratory trials Madagascar per unit 9 1 000 9 000 0,0 0 0,00 0,00 0,0 0 0,00 0,00

6.2. Quality analysis Cameroon per unit 70 125 8 700 44,3 125 5 535,00 5 535,00 0,0 0 0,00 0,00

6.2. Quality analysis Kenya per unit 154 68 10 300 74,6 68 5 071,00 5 071,00 0,0 0 0,00 0,00

6.2. Quality analysis Madagascar per unit 33 838 27 500 6,0 838 4 990,86 4 990,86 0,0 0 0,00 0,00

Subtotal Other 77 610 31 146,86 31 146,86 0,00 0,00

7.  Subtotal direct eligible costs of the Action (1-6) (excluding taxes) 1 397 881 522 731,20 522 731,20 74 217,68 60 698,17

8.1. Contingency reserve 1 580 0,00 0,00 0,00

9. Total direct eligible costs of the Action (7+ 8) (excluding taxes) 1 399 461 522 731,20 522 731,20 74 217,68 60 698,17

A.1. Administrative Costs 97 962 36 591,18 36 591,18 4 248,87

11. Total eligible costs (9+10) (excluding taxes) 1 497 423 559 322,38 559 322,38 74 217,68 64 947,05

12. Taxes11

13. Total eligible/accepted12 costs of the Action (11+12) 1 497 423 559 322,38 559 322,38 64 947,05

UA FINANCE 50 % 748 711,50    

financial report for the period:
Budget as per contract/rider

To: 03/10/2015

Per currency

EUR

Exchange rate pof the period: 

Per currency

KES

Exchange rate pof the period:
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0,000315 0,001524

# Units
Unit cost   (in 

MGA)

Total cost   

(in MGA)

Total cost

(in EUR)
# Units

Unit cost   

(in XAF)

Total cost   

(in XAF)

Total cost

(in EUR)

Total # units 

for all 

currencies

Total cost of 

the period (in 

EUR)  

(d3) (e3)
(f3) = 

(d3)*(e3)

(g3)=

(f3)*(Fx-rate3)
(d4) (e4)

(f4) = 

(d4)*(e4)

(g4)=

(f4)*(Fx-rate4)
Sum (d1d4)

(h)=

Sum (g1g4)
(i) (j) = (h)+(i) (k) (j)+(k)

0,0 0 0 0,00 24,2 75 435 1 823 000 2 779,15 25,0 2 879,78 4 063,83               6 943,61               6 943,61               

0,0 0 0 0,00 0,0 0 0 0,00 25,2 14 306,47 8 893,98               23 200,45             23 200,45             

29,3 822 646 24 106 739 7 589,71 0,0 0 0 0,00 29,3 7 589,71 2 337,37               9 927,08               9 927,08               

0,0 0 0 0,00 0,0 0 0 0,00 3,9 17 296,73 3 962,40               21 259,13             21 259,13             

0,0 0 0 0,00 2,5 131 191 325 000 495,46 14,4 2 883,69 2 486,25               5 369,94               5 369,94               

0,0 0 0 0,00 0,0 0 0 0,00 44,8 7 327,09 -                         7 327,09               7 327,09               

13,6 635 248 8 640 000 2 720,20 0,0 0 0 0,00 13,6 2 720,20 4 282,10               7 002,30               7 002,30               

0,0 0 0 0,00 0,0 0 0 0,00 49,8 2 292,97 1 128,94               3 421,91               3 421,91               

0,0 0 0 0,00 0,0 0 0 0,00 8,3 2 864,71 4 519,06               7 383,77               7 383,77               

4,4 632 072 2 770 000 872,10 0,0 0 0 0,00 29,3 4 587,98 5 454,03               10 042,01             10 042,01             

0,0 0 0 0,00 20,6 301 740 6 214 685 9 474,23 20,6 9 474,23 25 201,94             34 676,17             34 676,17             

0,0 0 0 0,00 0,0 0 0 0,00 5,6 20 446,00 -                         20 446,00             20 446,00             

40,1 940 167 37 701 081 11 869,72 0,0 0 0 0,00 40,1 11 869,72 12 281,99             24 151,71             24 151,71             

0,0 0 0 0,00 0,0 0 0 0,00 18,7 224 770,17 299 884,69           524 654,86           695,00 -                 523 959,86           

0,00 0,00 -                         

0,0 0 0 0,00 0,0 0 0 0,00 3,2 15 887,15 23 640,64             39 527,79             59,00 -                   39 468,79             

0,0 0 0 0,00 0,0 0 0 0,00 12,3 5 159,93 9 142,55               14 302,48             14 302,48             

0,0 0 0 0,00 0,0 0 0 0,00 11,3 76 744,55 168 853,06           245 597,61           407,00 -                 245 190,61           

0,0 0 0 0,00 0,0 0 0 0,00 1,9 18 716,40 39 725,53             58 441,93             58 441,93             

0,00 -                         -                         

0,0 0 0 0,00 0,0 0 0 0,00 60,4 7 971,00 14 207,96             22 178,96             22 178,96             

0,0 0 0 0,00 0,0 0 0 0,00 0,0 0,00 14 740,90             14 740,90             14 740,90             

0,0 0 0 0,00 0,0 0 0 0,00 109,6 10 629,00 3 611,23               14 240,23             14 240,23             

0,0 0 0 0,00 0,0 0 0 0,00 0,0 9 937,64 -                         9 937,64               9 937,64               

0,0 0 0 0,00 245,6 14 431 3 544 078 5 402,91 1 032,1 22 706,78 13 069,59             35 776,37             35 776,37             

0,0 0 0 0,00 0,0 0 0 0,00 41,1 4 965,88 -                         4 965,88               4 965,88               

254,9 60 349 15 385 000 4 843,78 0,0 0 0 0,00 260,5 4 949,74 1 079,54               6 029,28               6 029,28               

0,0 0 0 0,00 0,0 0 0 0,00 0,0 0,00 1 819,03               1 819,03               1 819,03               

0,0 0 0 0,00 0,0 0 0 0,00 0,0 0,00 352,64                  352,64                  352,64                  

0,0 0 0 0,00 0,0 0 0 0,00 0,0 0,00 -                         -                         -                         

88 602 820 27 895,51 11 906 763 18 151,74 508 977,51 664 739,25          1 173 716,76       1 161,00 -             1 172 555,76       

0,0 0 0 0,00 0,0 0 0 0,00 3,2 3 793,89 8 503,33               12 297,22             12 297,22             

0,0 0 0 0,00 0,0 0 0 0,00 0,1 144,66 11 588,71             11 733,37             11 733,37             

0,0 0 0 0,00 0,0 0 0 0,00 5,9 8 897,73 8 294,09               17 191,82             17 191,82             

0,0 0 0 0,00 0,0 0 0 0,00 0,0 1 845,42 -                         1 845,42               1 845,42               

0,0 0 0 0,00 0,0 0 0 0,00 5,9 8 870,05 12 095,28             20 965,33             20 965,33             

0,00 0,00 0,0 0,00 -                         -                         

0,0 0 0 0,00 0,0 0 0 0,00 39,3 7 072,77 593,73                  7 666,50               7 666,50               

0,0 0 0 0,00 0,0 0 0 0,00 22,0 8 808,64 9 183,16               17 991,80             17 991,80             

16,8 2 251 954 37 793 428 11 898,79 0,0 0 0 0,00 20,1 14 252,81 6 293,09               20 545,90             20 545,90             

37 793 428 11 898,79 0 0,00 53 685,97 56 551,39               110 237,36             -                          110 237,36             

0,0 0 0 0,00 0,0 0 0 0,00 0,0 0,00 28 202,81             28 202,81             28 202,81             

0,1 3 138 125 170 000 53,52 2,2 648 086 1 436 100 2 189,32 4,5 4 163,60 3 173,83               7 337,43               7 337,43               

0,0 0 0 0,00 0,0 602 169 0 0,00 6,2 5 526,99 2 256,60               7 783,59               7 783,59               

0,0 0 0 0,00 0,0 0 0 0,00 0,0 379,90 -                         379,90                  379,90                  

0,0 0 0 0,00 0,0 0 0 0,00 0,3 379,35 4 201,16               4 580,51               4 580,51               

170 000 53,52 1 436 100 2 189,32 10 449,84 37 834,40               48 284,24               -                          48 284,24               

0,0 0 0 0,00 172,1 26 238 4 516 200 6 884,90 250,1 10 003,84 6 649,52               16 653,36             16 653,36             

0,0 0 0 0,00 0,0 0 0 0,00 0,0 0,00 -                         -                         -                         

12,0 1 187 914 14 278 404 4 495,38 12,8 245 328 3 134 625 4 778,71 82,5 29 874,32 18 858,04             48 732,36             48 732,36             

16,7 98 463 1 642 820 517,22 46,8 20 335 951 000 1 449,79 78,4 2 423,92 1 426,94               3 850,86               3 850,86               

15 921 224 5 012,60 8 601 825 13 113,40 42 302,08 26 934,50            69 236,58            -                        69 236,58            

0,0 0 0 0,00 0,0 0 0 0,00 5,6 903,75 2 250,00               3 153,75               3 153,75               

0,0 0 0 0,00 0,0 0 0 0,00 3,9 490,70 82,32                    573,02                  573,02                  

2,1 5 479 014 11 540 178 3 633,28 0,0 0 0 0,00 7,4 17 254,14 -                         17 254,14             17 254,14             

0,0 0 0 0,00 0,0 0 0 0,00 0,0 0,00 -                         -                         -                         

0,0 0 0 0,00 0,0 0 0 0,00 0,0 50,31 -                         50,31                    50,31                    

2,6 158 812 412 920 130,00 0,0 0 0 0,00 2,6 130,00 36,65                    166,65                  166,65                  

0,0 0 0 0,00 0,0 0 0 0,00 0,1 116,37 3 204,47               3 320,84               3 320,84               

0,0 825 822 0 0,00 0,0 0 0 0,00 0,0 0,00 316,34                  316,34                  316,34                  

11 953 098 3 763,29 0 0,00 18 945,28 5 889,78              24 835,06            -                        24 835,06            

-                         

0,0 0 0 0,00 6,3 269 598 1 694 800 2 583,71 11,5 4 736,71 6 626,92               11 363,63             11 363,63             

0,0 0 0 0,00 0,0 0 0 0,00 13,4 13 397,00 -                         13 397,00             13 397,00             

8,0 3 176 240 25 344 582 7 979,43 0,0 0 0 0,00 8,0 7 979,43 3 432,98               11 412,41             11 412,41             

0,0 0 0 0,00 0,0 0 0 0,00 44,3 5 535,00 224,08                  5 759,08               5 759,08               

0,0 0 0 0,00 0,0 0 0 0,00 74,6 5 071,00 2 719,87               7 790,87               7 790,87               

6,8 2 661 689 18 204 364 5 731,42 0,0 0 0 0,00 12,8 10 722,28 7 480,68               18 202,96             18 202,96             

43 548 946 13 710,85 1 694 800 2 583,71 47 441,41 20 484,53               67 925,94               -                          67 925,94               

197 989 516 62 334,56 23 639 488 36 038,17 681 802,10 812 433,85           1 494 235,95        1 161,00 -              1 493 074,95        

0 0,00 0 0,00 0,00 578,88                  578,88                  -                         578,88                  

197 989 516 62 334,56 23 639 488 36 038,17 681 802,10 813 012,73           1 494 814,83        1 161,00 -              1 493 653,83        

4 363,42 2 522,67 47 726,15 56 910,89             104 637,04           81,27 -                   104 555,77           

197 989 516 66 697,98 23 639 488 38 560,84 729 528,25 869 923,62           1 599 451,87        1 242,27 -              1 598 209,60        

-                         -                         -                         

66 697,98 38 560,84 729 528,25 869 923,62           1 599 451,87        1 242,27 -              1 598 209,60        

Per currency Total for the period in EUR

XAF

Per currency

MGA Total costs

Exchange rate pof the period:Exchange rate pof the period:

Costs reject by 

audit European 

Union

Cumulated costs 

(before current 

report)

 (in EUR)

Cumulated costs 

(from start of 

implementation to 

present report 

included) 

(in EUR)
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