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Introduction

This seminar, hosted by the newly established System-wide Initiative on Malaria and Agriculture (SIMA), seeks to promote the exchange of insights on the interactions between malaria and agriculture.

SIMA aims to strengthen existing global efforts in malaria control by developing and promoting preventive approaches based on improved agricultural practices and sustainable management and utilization of natural resources. The geographic focus is on malaria-endemic areas, particularly in sub-Saharan Africa.
Future Harvest Centers of the Consultative Group of International Agricultural Research  (CGIAR) - together with other international and national research institutes - form an important network that can be mobilized to focus research on the links between agriculture and health and facilitate cross-sectoral collaboration at the policy and field levels. Together, the centers have some 120 field sites located in malaria-endemic areas in Africa and Asia. 

The seminar will create a forum for discussion on some of the core issues of the malaria – agriculture interface: (1) Impact of agricultural practices on vector ecology and malaria transmission; (2) Impact of malaria on agricultural productivity; and (3) Best agricultural practices to control malaria. 

The SIMA Coordinator, Dr. Clifford Mutero will introduce SIMA. In addition, there will be nine short (10 minutes) presentations that will set the tone for a more general discussion on research priorities, feasibility of environmental control methods in Sub Saharan Africa, and the future agenda of SIMA. 

The Relationship Between Anopheles gambiae Density and Rice Cultivation in the Savannah Zone and Forest Zone of Côte d’Ivoire

Olivier J.T. Briët1*, Joel Dossou-Yovo2, Elena Akodo1, Nick van de Giesen3 and Thomas M. Teuscher1
1West Africa Rice Development Association, Bouaké, Côte d’Ivoire.

2Institut Pierre Richet, Bouaké, Côte d'Ivoire.

3Center for Development Research (ZEFc), Bonn, Germany.

*Corresponding author,  E-mail: o.briet@cgiar.org
Introduction

In 13 villages in the savannah zone and 21 villages in the forest zone of Côte d’Ivoire, the biting density of the principal malaria vector, Anopheles gambiae, was studied as a function of rice cultivation in the inland valleys in a 2-km radius around each village. We looked both at temporal patterns and the quantitative effect of the surface of inundated inland valleys, with and without rice cultivation.

Results: dynamics

In most villages in the savannah zone, two biting peaks of An. gambiae were observed. This made it convenient to divide the year into two periods, which correspond to the off-season cropping cycle and main-season cropping cycle, respectively, in the rice-cropping villages in the savannah zone. The bimodal dynamics of the An. gambiae biting population, with its deep low between the peaks, was not correlated to the dynamics of rainfall, Normalized Difference Vegetation Index (NDVI) and flooding. Biting population densities declined when rainfall, NDVI and flooding were still rising. Only the onset of the rainy season was accompanied by a rise in mosquito biting density. 

In the forest zone, over the period of one year, one population peak of An. gambiae was observed in the villages with one rice cropping cycle or without rice cultivation. In villages with two rice-cropping cycles, a second peak was observed during the dry (off) season cropping period. As in the savannah zone, also in the forest zone, the An. gambiae biting population dynamic showed little correlation to that of rainfall and NDVI, apart for at the onset of the rains.

Results: inundated surface

In the savannah villages, during the main season cropping period, both rice-cultivated and uncultivated inland valley surface have a positive correlation with the An. gambiae biting density. For the off-season cropping period, results were less conclusive, as an outlying village influenced the results strongly. However, still a good correlation was found with the surface water availability in the inland valleys (r = 0.65, r = 0.9, outlier excluded or included, respectively). 

In the forest zone, however, the An. gambiae biting population density was strongly correlated with the surface water availability in the rice-cultivated inland valleys, especially during transplanting, whereas the correlation with the surface water availability in other (uncultivated) inland valleys was weak or not significant. 

Discussion

The requirement of sunlit breeding sites for An. gambiae might explain the difference between zones. In the forest zone, only inland valleys cleared for rice cultivation meet this requirement, whereas all other inland valleys are covered with dense vegetation. In the savannah zone, however, most undergrowth is burned during the dry season, which permits sunlight to reach puddles resulting from the first rains, so that other (uncultivated) inland valleys can contribute to mosquito breeding. Canopy closure may also be an important cause for the lack of temporal correlation of mosquito biting density and NDVI/rainfall.

Conclusion

In the forest zone, the extent of the rice-cultivated surface around villages is a major risk factor for An. gambiae biting density. In the savannah zone, this is the case for the inundated surface of the inland valleys, irrespective of rice cultivation. 

Acknowledgements

This study was undertaken within the framework of the WARDA/WHO-FAO-UNEP PEEM/IDRC/DANIDA/Norway Health Research Consortium on the Association between Irrigated Rice Ecosystems and Vector-borne Diseases in West Africa. The Consortium received financial support from the International Development Research Center (IDRC), Ottawa, Canada, the Danish International Development Agency (DANIDA) and the Royal Government of Norway.

New Irrigation Methods Control Malaria in Sichuan Province, China:  Report on the Impact of 'Wet/Dry Crop Rotation' on Malaria Transmission

G. Gibson1* and M. Iles1

1 Plant, Animal and Human Health Group, Natural Resources Institute, University of Greenwich, Chatham, Kent  ME4 4TB, UK

* Corresponding author, E-mail: g.gibson@gre.ac.uk
Malaria appears to have been all but eradicated in the last four years from certain areas of Sichuan Province, as a result of the adoption of new farming practices, based on an annual cycle of wet crop/dry crop rotation. The two main malaria vectors in this area, both members of the Anopheles hyrcanus Group, hibernate in the winter as a single generation for at least 6 months, leaving them particularly vulnerable to environmental change during this period.  Traditionally, farmers kept their rice fields flooded year round to ensure an adequate supply of water.  The recent spread of an extensive irrigation network, however, has enabled farmers to adopt new practices.  Now, they drain rice fields in the winter to grow a 'dry' crop of wheat or vegetables, thereby destroying the main over-wintering habitat of malaria mosquitoes for a prolonged period.  In the spring, a 'wet' crop of rice is grown by intermittent wet/dry irrigation, thus further reducing the reproductive rate of the mosquito populations.

This appears to be the first 'trial' of a wet crop/dry crop rotation farming system to control malaria. As long as the irrigation system continues to provide water as needed, wet crop/dry crop rotation is a sustainable method for controlling vector populations, at no extra cost to the government or farmers.

Influence of Urban Irrigated Agriculture on the Transmission of Malaria in the City of Kumasi, Ghana

Yaw Asare Afrane1, Eveline Klinkenberg2*, Josephine Asare1, Kofi Owusu-Daaku1, 

Pay Drechsel2 and Thomas Kruppa3
1 Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana.

2 International Water Management Institute (IWMI), Accra, Ghana.

3 Kumasi Centre for Collaborative Research in Tropical Medicine (KCCR), Kumasi, Ghana.

* Corresponding author, E-mail: e.klinkenberg@cgiar.org
Introduction

It is believed that irrigated agriculture in urban areas might lead to the creation or extension of breeding sites for the vector of malaria, which may lead to the increase in the transmission of malaria in the city. The Anopheles mosquito under normal circumstances does not find appropriate breeding grounds in dirty and polluted city waters and in general malaria transmission in cities is considered low. The objective of this study was to determine whether irrigated urban agriculture has any effect on the transmission of malaria in the city of Kumasi, Ghana. 

Methods

Kumasi is located in the humid forest zone of West Africa with high Anopheles gambiae population density. Fifteen sites were selected for the study. Five sites in the peri-urban area, that is communities close to Kumasi with staple crop agriculture, five communities in the urban area with irrigated open-space vegetable production and another five in the urban area without agriculture. At all sites mosquito larval sampling and night catching of mosquitoes were carried out in both the rainy and dry seasons on a weekly basis over a period of 10 weeks. In addition, a questionnaire survey was done among 1000 households, in both the rainy and the dry season, to collect information on household characteristics, malaria incidence, preventive measures and malaria cost. Physical-chemical and microbiological parameters were also measured in water bodies in which the Anopheles mosquitoes were breeding and related to presence of anopheline and culicine larvae. 

Results

In both seasons, the larvae of Anopheles mosquitoes were found breeding in irrigation structures in urban farms. In urban areas with irrigated agriculture and in the peri-urban areas, the number of Anopheles larvae was comparable, and were significantly higher than the number in urban areas without agriculture. In the rainy season night catching of mosquitoes revealed similar numbers of Anopheles in urban agriculture areas and peri-urban areas, in both cases significantly higher than the number caught in urban areas without agriculture. In the dry season, the Anopheles mosquito numbers in the urban areas with agriculture were lower than those of the peri-urban areas, but both were significantly higher than those in the urban areas without agriculture. The population living close to urban irrigated agricultural areas and the population in peri-urban areas reported more episodes of malaria than individuals living in city areas without agriculture. There was a significant difference in episodes of malaria and subsequent days lost to illness when comparing urban areas with agriculture and those without. There was no difference between the urban areas with agriculture and the peri-urban areas. 

Discussion

Apparently the irrigation structures with low technical sophistication increase considerably the open surface area for the breeding of Anopheles mosquitoes in the city. Preliminary analysis of physical-chemical and microbiological parameters seem to show that certain parameters have clear ranges wherein Anopheles larvae can be found breeding. Further investigations are ongoing. It can be concluded that for Kumasi, irrigated urban agriculture by way of open-space irrigated vegetable farms is affecting the transmission of malaria in the city.

Malaria Transmission in Southern Madagascar: Influence of Environment and Hydro-agricultural Works in the Sub-arid and Humid Regions. 1. Entomological Investigations

L. Marrama1* , R. Jambou2, I. Rakotoarivony3, J.B. Duchemin4, S. Laventure4, J. Mouchet5 and J. Roux6
1 Unité d’Epidémiologie, Institut Pasteur, Dakar, Senegal

2 Laboratoire d’Immunologie Clinique et Parasitaire, Institut Pasteur, Dakar, Senegal

3 Laboratoire de Zoologie Médicale de l’Institut de Recherche pour le Développement, Institut Pasteur, Dakar, Senegal

4 Unité d’Entomologie Médicale, Institut Pasteur, Antananarivo, Senegal

5 Institut de Recherche pour le Développement, Paris, France

6 Institut Pasteur, Paris, France
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Introduction 

Only few data are available on malaria transmission in the southeastern Province of Madagascar. There are two contrasting regions in this province, a sub-arid one in the west and a humid one in the east. The presence of irrigated areas in both regions provided us the opportunity to compare the impact of irrigation on malaria transmission in two different settings. An entomological study was carried out to identify the malaria vectors and evaluate the transmission in the natural sub-arid ecosystem, in an irrigated area located in the sub-arid region and in rice fields located in the humid region.

Methods

The entomological survey was done in three villages: Androvasoa (located in the natural sub-arid ecosystem), Pépinière (located in an irrigated area in the sub-arid region) and Esana (surrounded by rice fields in the humid region). During four years in the sub-arid region and one year in the humid region, mosquito collections were conducted every month using human baits inside and outside dwellings, light traps and knockdown indoor sprays. Dissections of female vectors were performed to determine the parity rate. ELISA methods were used to evaluate the sporozoite index (SI) and the human blood index. A PCR technique allowed to further determine the species of Anopheles gambiae s.l. females.

Results

From November 1994 to December 1997, 1,622 person-nights of captures were performed, 711 huts sprayed and 36 light-trap nights completed. A total of 29,572 malaria vectors were collected, of which 14,661 (49.5%) Anopheles funestus, 14,153 (47.9%) An. gambiae s.l. and 758 (2.6%) An. mascarensis. Anopheles arabiensis, An. merus and An. funestus were present in all the villages while An. gambiae s.s and An. mascarensis, a mosquito native to Madagascar, were only found respectively in the two villages bordered with rice-fields and in the humid region. Anopheles funestus, An. gambiae s.s. and An. mascarensis were more frequently infected (SI = 1%) than the other species (SI = 0.1%). In the natural sub-arid ecosystem, the entomological inoculation rate (EIR) was low (EIR = 0.4 infective bites per person per year) and equally due to An. funestus and An. arabiensis. In the irrigated area of the sub-arid region, malaria transmission was 150 times higher (mean EIR = 60 infective bites per person per year) than in the natural ecosystem and An. funestus was responsible for 90% of the infectious bites. In the humid region, malaria transmission level was high too (EIR = 41 infective bites per person per year) and two thirds of the infectious bites were caused by An. mascarensis.

Discussion

This study shows that malaria transmission is higher in the irrigation area located in the sub-arid region than in the rice-fields of the humid region. There are also differences in the distribution of the vectors. Also An. funestus, An. arabiensis and An. gambiae s.s., are present in the natural sub-arid ecosystem, but the latter is scarce in the irrigated area while the others are numerous. Around the rice fields of the humid region, three major vectors (An. funestus, An. gambiae s.s., An. mascarensis) are present with a moderate density. These results obtained in two different setting in Madagascar are discussed with reference to the impact of irrigation on malaria in Africa (‘the paddies paradox’).

Agricultural Use of Insecticides and Resistance in Malaria Vectors in Africa

F. Chandre1, T. Baldet2, J. Hemingway3, A.A. Koffi1, E. Tia4, A. Diabate2, S. Yacoubou5, R. Masendu6, F. Darriet7, J.M. Hougard7, P. Carnevale1, P. Guillet8 and M. Akogbeto5

1 Institut Pierre Richet, Bouaké, 01 BP 1500 Bouaké 01, Côte d’Ivoire

2 Centre Muraz, Bobo Dioulasso, Burkina Faso
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4 CEMV, Bouaké, Côte d’Ivoire
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Many examples have shown that resistance of malaria vectors against insecticides has most likely been due to the massive use of insecticides in agriculture, especially for cotton and rice protection. This was well documented for organochlorine and organophosphate resistance of several vector species from Central America, Asia and Africa. Evidence for the role of agricultural insecticides in vector resistance include the appearance of resistance prior to the use of insecticides against vectors, correlation between resistance levels of vectors and amount of insecticides applied on crops, increase of vector resistance during the period of agricultural insecticide use, and specific resistance of vectors to insecticides that are only used in agriculture.

In Africa, during the 1950s, some cases of dieldrin resistance of An. gambiae were caused by residual house spraying for malaria vector control. However, very rapidly dieldrin resistance was also detected among most An. gambiae populations in areas, which were never covered by public health operations but where cyclodienes and hexachlorocyclohexane (HCH) were massively used for cotton and coffee. The first case of DDT resistance in An. gambiae was detected near Bobo Dioulasso, seven years after DDT spraying was stopped for malaria control but only few months after this insecticide was introduced in a formulation for cotton protection.

There is ample evidence that the kdr gene in An. gambiae s.s. populations from West Africa, was primarily selected by agricultural use of DDT and that this gene was maintained in vector populations after DDT was replaced by pyrethroids for crop protection. Recently, a secondary metabolic mechanism, likely involving monooxygenases, has been detected in some An. gambiae s.s. samples from Côte d'Ivoire. This mechanism confers highest resistance level to cypermethrin, which has never been used for public health purposes or as a household insecticide but is a major insecticide used in agriculture. Analysis of water and soil collected from mosquito breeding sites, close to fields under cultivation, were performed to determine if agricultural treatments can induce a selection pressure on larval vector populations. Results have shown a greater negative impact on larval development of mosquitoes from susceptible strains than resistant ones, suggesting the presence of insecticide residues in soil.

While agriculture appears to be one of the main factors responsible for selection of resistance in An. gambiae s.s. from West Africa, the situation is probably quite different in other regions of Africa where agriculture consumes less insecticides, and for other vector species, which are for biological reasons less exposed to agricultural spraying. It is then essential to evaluate the relative role of agriculture and the other sources of selection pressure such as household pesticides and public health programs in the build up of resistance. This is important for resistance management strategies because when the role of agriculture is predominant, resistance in malaria vectors will evolve independently of public health spraying programs.

Malaria Parasitemia in Children Under Five Years of Age in Relation to Aflatoxin Exposure in Benin and Togo

A. Hounsa1*, S. Egal1 and K. Cardwell1
1International Institute of Tropical Agriculture, Cotonou, Benin, West Africa.
* Corresponding author, E-mail: a.hounsa@cgiar.org

Introduction

More than 37% of under fives in Benin and Togo are infected with malaria (SNIGS 1999; DHS 1989). Chronic dietary exposure  to toxins is common in this part of the world and presumably related to hot, humid and long-term storage conditions that facilitate fungal growth and mycotoxin production (Hell et al. 2000; Wild and Hall 2000). 

Studies on rodents cited by Allen et al. (1992) have produced conflicting results as far as the association between aflatoxin exposure and malaria is concerned. Studies on human beings are rare. In Gambia, Allen et al. (1992) found that mean aflatoxin-albumin adduct levels were higher in children with P. falciparum parasitemia than in children with no parasitemia. In contrast, Hendrickse (1997) has suggested that aflatoxins retard development of malarial parasites. We have used data from a cross-sectional survey  on aflatoxin exposure and child growth to test for possible interactions between malaria and aflatoxin exposure.

Methods

The study covered all four agro-ecological zones of Benin and Togo: Coastal Savanna (CS), Southern Guinea Savanna (SGS), Northern Guinea Savanna (NGS), and Sudan Savanna (SS).  480 children between the ages of 1-5 years old were randomly selected across 16 villages and  four agro-ecological zones. Individual exposure to aflatoxin was assessed using aflatoxin-albumin adducts (AF-alb adducts) as a biomarker. Malaria parasites were counted against 200 white blood cells. The total number of parasites per micro liter was calculated using classic formula (Falase and Akinkugbe 2000). Data on AF-alb adducts and parasite density was log transformed for the purposes of analysis. Means presented in the text are geometric means. The difference between  means was tested by T-test. 

Results

AF-alb adducts were detected in 475 out of 479 (99%) children (mean 32.8 pg/mg). Malaria (> 500 parasites/µL) was detected in 35.8 % of the children, whereas 63.2% was malaria-free (<500 parasites/µL). 

In the SGS, AF-alb adducts levels for children with malaria (n = 39) were higher than those of children without malaria (n = 80) (resp. 110.1 pg/mg and 63.0 pg/mg, P < 0.001). In the SS and NGS similar trends were observed, but these were not significant. Average AF-alb adduct levels in the SS were 19.6 pg/mg for children with malaria (n = 59) and 16.4 pg/mg for children without malaria (n = 60). In the NGS children with malaria (n = 39) had an average AF-alb adduct level of 36.9 pg/mg and children without malaria (n = 51) had an average of 34.0 pg/mg. In contrast, AF-alb adducts of children with malaria (N=35) were lower than those of children without malaria (N=84) in the CS (resp. 22.4 pg/mg and 26.0 pg/mg). 

Conclusion

The association between aflatoxin exposure and malaria parasitemia across the various agro-ecological zones is conflicting. In the SGS, where aflatoxin exposure was higher than anywhere else, malaria parasitemia and aflatoxin exposure were positively related. In the SS and NGS a similar trend was observed, but no significant proof was found to back up this observation. In contrast, in the CS, the parasite density seemed to decrease as aflatoxin exposure increased. 

Aflatoxin exposure is harmful to a person’s vitamin A status (Liu and Zou 1989) and thus increases its susceptibility to malaria (Shankar et al. 1999).  Apart from experiments done on mice and described by Hendrickse (1997), there is no literature supporting the fact that aflatoxin hampers development of malarial parasites in man.

The actual nature of the relation between aflatoxin and malaria remains unclear and merits further investigation. Possibly malaria mitigating strategies in the future will have to take the aflatoxin problem into account. 
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The Effects of Rice Irrigation on Larval Anopheline Populations in Mali
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During the transition from wet to dry season, the development of larval anopheline populations was studied in irrigated rice fields in the Office du Sahel, Mali. Study sites were selected in rice fields with early and late planting and irrigation regimes. Larval mosquito populations were found in both types of rice habitats, but Anopheles gambiae s.s. was significantly more abundant during the early stages of rice development than later in the growing season. It was found that land left fallow after harvesting served as highly suitable mosquito breeding site, causing large numbers of anophelines to develop. Although anopheline mosquitoes were also encountered in irrigation ditches, it is concluded that the rice fields were the main contributors to malaria vectors. Because of rice cultivation at times when the rains had not yet arrived, the malaria transmission season had undergone profound alterations compared to areas where irrigation was not practiced. The implications of the reported findings on malaria epidemiology will be discussed. 

Intermittent Irrigation of Rice for Malaria Control along the Northern Coast of Peru. Feasibility Study

Cesar Cabezas1, Luz Esther Vasquez1, Angelica Fort2 and Jaime Chang3*

1 Ministry of Health of Peru
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This study assessed the feasibility of introducing intermittent irrigation of rice as an instrument for malaria control in the desert-like Northern Coast of Peru, where rice fields are traditionally permanently flooded (with water derived from irrigation systems), and a strong correlation has been documented between number of malaria cases recorded and the number of hectares dedicated to rice cultivation (r = 0.95).

Researchers evaluated the effect of three different intermittent irrigation schemes on mosquito breeding in rice fields (7 days of flooding followed by either 3, 6, or 9 days without water) as compared with permanent flooding; and explored the feasibility of introducing alternative irrigation practices, taking into consideration characteristics of the agricultural valleys along the Northern Coast of Peru (infrastructure, irrigation and drainage systems, water availability and demand, projections for rice cultivation, etc.), and peasant practices and beliefs regarding rice cultivation and malaria transmission. They interviewed local and regional authorities, technical experts, and peasants, and conducted focus groups with peasants and women from the community.

The scheme with 9 dry days reduced larval abundance by 84% (potentially by 92%), and increased productivity by an estimated 22%. Intermittent irrigation is considered applicable to approximately 60,000 hectares in the area. All authorities and experts interviewed supported the introduction of intermittent irrigation. Associated negative impact on costs and productivity were peasant’s main concerns, but results indicate they would not occur. Soil and water would be preserved as local resources while significantly diminishing breeding of malaria vectors, thus contributing to sustainable improvements in both agriculture and health.
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Continuous Flooding in Paddy Irrigation Encourages Mosquito Breeding, Water Losses and Lower Rice Yields: The Usangu Plain Perspectives

Machibya Magayane*, Makarius Mdemu, M.D. Kajoka and E. Mwandepa
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Continuous flooding for rice cultivation is a common practice in most surface irrigation schemes in Tanzania for both improved and traditional irrigation systems. The need for continuous flooding is one of the misconceptions on water use in irrigated agriculture. Continuous flooding significantly increases incidence of malaria, increases water losses and lowers productivity of irrigation water in the Usangu plains. Water management is an important aspect in water-irrigated basins. The potential of water management practices for increasing water productivity and for malaria control are usually not recognized by farmers and farm managers. The number of days that most farmers spent suffering from malaria, the large volumes of water maintained in paddy fields and the ultimate effect of malaria on paddy production and rice yields, especially if it happens during the peak period of paddy production activities, is underestimated. Though it is well known that ponding of water is a key cause of mosquito breeding and that the only way to control this is drying up of all ponds around households, farmers rarely take up this practice. Paddy irrigation in Tanzania is characterized by year-round water flooding with water depths of 12 to 25 cm kept in most fields. This is practiced by farmers mainly for two reasons, first to provide water security till the next supply and secondly to control weeds. 

A case study in the Usangu basin to investigate rice productivity, malaria incidence and their important interaction with irrigation water management was conducted for two seasons. The study was conducted in the large (modern), the improved and the traditional smallholder irrigation schemes of  the Kapunga Water System (KWS). The number of days that water was standing in the fields and their respective daily depths were recorded. The annual volumetric water use for different irrigation systems was monitored. The average rice yields were then computed. Malaria incidence was recorded for different age group in the area with their respective occurrence period. The occurrence of malaria cases and peak periods of activities in the fields were then used to assess the loss in productivity by farmers in the plains. The results suggest that about 40% of the water could be saved if intermittent irrigation is put into practice and an obvious reduction in malaria breeding and infection in the area could be achieved without affecting the rice yield.
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