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Maize-sesame intercropping in Southeast Tanzania
Farmers' practices and perceptions,
and intercrop performance
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Propositions
1. Complementarity between maize and sesame, in both ecological and socioeconomic context, is the main reason for the success of maize-sesame
intercropping in Southeast Tanzania.
This thesis
2. Breeding programmes for improved sesame varieties in Southeast Tanzania should
include characteristics such as competitive ability and growth duration that
determine the suitability of sesame in intercropping systems.
This thesis
3. To make research relevant for target groups of farmers, the set up and evaluation of
experiments should be based on farmers' objectives.
4. In empirical research, planning is the most important phase.
Rasch, D., Verdooren, L.R. and Gowers, J.I., 1999. Fundamentals in the design
and analysis of experiments and surveys. Oldenbourg Wissenschaftsverlag GmbH,
Munchen.
5. Food security in Tanzania can best be achieved by improving maize-based systems.
6. The secret of producing an outstanding piece of writing is to always keep the
reader in mind.
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Abstract
Mkamilo, G.S. 2004 . Maize-sesame intercropping in Southeast Tanzania: Farmers'
practices and perceptions, and intercrop performance. PhD Thesis, Wageningen
University, The Netherlands, 112 pp., with English and Dutch summaries.

In Southeast Tanzania, the major food crop maize is often inter-seeded with the cash crop sesame
using an additive design. Farmers consider maize an essential crop for securing their basic food
requirements, whereas sesame is added to generate cash. In this research, farmers' motives for
adopting maize-sesame intercropping systems were studied. Concurrently, experiments were
conducted to evaluate the performance of the maize-sesame intercropping systems and to explore
options for improvement.
A household survey revealed that in the study area arable cropping is the main occupation,
responsible for 75% of the mean annual household income. Cashew, maize and sesame were found to
be the most important crops contributing to the household income. About 90% of the farmers
intercropped maize and sesame to diversify their cash income. All farmers consider maize the more
important crop, as it should secure the basic food requirements of the household. The risk of crop
failure associated to growing sesame in pure stand is an important reason for adding sesame to maize.
Growing the intercrop also puts less demand to labour and fertile land, both of which are limited in
supply. Furthermore, maize and sesame are regarded as good companion crops, which additionally
contribute to restoration of soil fertility and weed suppression.
Simultaneous sowing of maize and sesame caused reductions in maize grain yield, of on average
27%. These reductions decreased with delayed inter-seeding times. Conversely, delayed seeding led to
significant reductions in sesame yield, caused by a direct effect of sowing time and an increased
competitiveness of maize. Based on a long-term average maize : sesame price ratio of 1:3.5,
simultaneous sowing turned out to be the option with the highest gross financial returns. At the same
time, the study demonstrated that there are associated risks with simultaneous sowing such as seedling
mortality of sesame due to water logging and severe reductions in maize grain yield (up to 60%).
Farmers generally introduce sesame about two weeks after maize, to reduce those risks. This study
showed however that the recently developed improved sesame varieties are not very well suited for
late introduction, due to their poor competitiveness. As sesame is mainly grown in intercrop, future
breeding efforts should not only consider characteristics as yield, seed colour and seed oil content, but
should also take into account characteristics as competitive ability and growth duration, that determine
the suitability of sesame in intercropping systems.
Density experiments revealed that maize was more competitive than sesame, but more importantly
the experiments also demonstrated that maize and sesame are partially complementary in resource
acquisition. Niche differentiation forms the basis for a yield advantage in intercropping. This
observation confirms the notion of farmers that maize and sesame are good companion crops. At both
the relatively high fertile site and the poorly fertile site, P/N ratios of shoot tissue of maize and sesame
were high (between 1/1.5 and 1/6.4), indicating that nitrogen was a major limiting factor in the study
area. At the low soil fertility site (Mkumba), both maize and sesame in pure stand responded
significantly to N and NP-fertilization. At this site, the application of nitrogen fertilizer resulted in 2.5
and 3.6 fold increases in pure stand yield of maize and sesame, respectively. In intercrop, N
fertilization increased the dominant position of maize in the intercrop. Consequently, only maize
profited from N fertilization, as for sesame the advantage of additional N was counterbalanced by the
presence of a more competitive maize crop. Nitrogen recovery was highest in the intercrop. The

results question the general fertilizer • .commendations, which advice to supply N and P in nearly
equal amounts.
Studies on spatial arrangement shi wed that, both in pure stand and intercrop, sesame seed yield
was independent of sowing method (row or broadcast). In the intercrop, grain yield of maize was
affected by the method of sowing sesame. When broadcast sown, sesame caused reductions in maize
grain yield ranging from 53 to 69%. These reductions were only 19 to 55% with row sowing. Two to
three maize plants per station were found optimal in pure stand as well as in intercrop. This last result
indicates that farmers' practice of growing two-three plants per station is superior to the institutional
recommendation of growing one plant per station
The results of this study clearly indicate that recommendations for intercropping should be based
on intercropping research and cannot simply be extrapolated from results obtained with pure stands of
the respective component crops. Efforts for breeding improved varieties should also consider the use
of the crops in intercropping. Furthermore, a proper analysis of experimental results requires a
thorough understanding of farmers' objectives and production constraints. At the same time, an
inventory of farmers' objectives and production constraints without exploring the options for
improvement seem ineffective. For these reasons it was recommended that future projects should put
emphasis on participatory research in teams of social scientists, technical scientists and farmers in the
process of co-innovation to improve the well being of farmers and rural households.

Key words: Intercropping, farm household objectives, marginal factor returns, cost-benefit analysis,
inter-seeding time, Land Equivalent Ratio, maize, sesame, niche differentiation, spatial
arrangement.
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and Development in Dar-Es-Salaam, for the challenging insight for the need to support
demand driven research of this kind for the benefit of farmers. Your invaluable
assistance to keep a ball rolling will always be remembered and appreciated. I am as
well indebted to the Zonal Director Dr. S.H. Shomari and Zonal Research Coordinator,
Dr. M.R. Salum both from Naliendele Agricultural Research Centre, for provision of
good working environment and facilitation of this research. I express my gratitude to
officer in-charge of Mkumba research sub-station, Mr. R.0 Kapinga, for his assistance
and help whenever it was needed. This gratitude is extended to Nachingwea District
Agricultural and Livestock Development Officer, Mr. Membe, for providing extension
staff to assist me in data collection. Particular thanks are due to Messrs Richard
Chande, M.M. Mohamed, Bernard Chiamba, Adrian Njega and J.Y. Mkama who did
much of the fieldwork. In addition, Halirna Kwikwega, Moses Mumina, M. Mapua,
George Chikala, L. Emanuel, Bernard Mirola and Juma Ng'onye assisted me in data
entry. My fellow researchers, Dr. O.K. Mponda, Dr. E.M. Kafiriti, N.A., Katinila, S.E.
Mugogo, Chijinga, Msangi and Bashiru provided technical support in this research. I
am also grateful to Corstiaan van Aalsburg, a student from Wageningen University, for
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Living in Wageningen also gave me an opportunity to meet an amazing number of
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provided all logistical support for my stay in Wageningen, which is greatly
appreciated. In June 1999, my father died while I was writing my research proposal at
Wageningen. I am very grateful to Ankle Lamberts for facilitating my return ticket to
Tanzania for the funeral. My gratitude is also extended to the secretaries of the Crop
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logistical support and friendship. I would like to thank the International Christian
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are also other persons who showed friendship and support to me especially Henriette
Drenth, Manneh Baboucarr, Arnold Bray Mashingaize, Peter Ebanyat, Esnati Chaggu,
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Chapter 1
General introduction
Economic importance of maize in Tanzania in relation to population growth rate
Maize (Zea mays L.) is the most important cereal crop grown and consumed in Tanzania (TARO, 1987a; Katinila et al, 1998; Kaliba et al, 1998). It is estimated that the
annual per capita consumption of maize is approximately 100 kg and the national
maize consumption is estimated to be three million tons per year. On average, the
maize crop is grown on two million hectares or about 45% of the cultivated area in the
country. Maize contributes to 60% of dietary calories to Tanzanian consumers (FSD,
1992, 1996). Most of the maize is produced in the Southern Highlands (46%), the
Lake Zone, and the Northern Region of the country.
Maize is not only a staple crop, but a cash crop as well. For instance, in the Lake
Zone, maize competes aggressively with cotton (Gossypium spp.) for land, labour, and
farmers' cash (Mafuru et al., 1999). In the Southern Highlands, maize has completely
replaced the traditional coarse grains such as finger millet (Eleusine coracana) and
sorghum {Sorghum bicolor), which used to be the dominant food crops (Bisanda et al.,
1998). Realizing the importance of the maize crop to the lives of Tanzanians, the
government has committed human and financial resources to develop the maize industry. Peasants whose farms are smaller than 10 hectares grow about 85% of the
maize produced in Tanzania. About 10% of the maize production occurs on mediumscale commercial farms (10-100 ha), and the remaining 5% occurs on large-scale
commercial farms (> 100 ha). The average national maize yield is less than 1.5 t h a ,
though grain yields tend to be higher in areas with high potential such as the Southern
Highlands (Moshi et al, 1990, Mafuru et al, 1999).
-1

The population in Tanzania is estimated to be around 35 million and the annual
growth rate is 2.9% (Census counts, 2002). The consequences of a rapid population
growth are felt acutely and visibly in the public budgets for agriculture and other
related fields of human resource development. This implies that food production needs
to increase to cope with population growth. It is, therefore, inevitable that locationspecific research, development policy and strategies should be put in place to promote
maize production in the country in hot pursuit of food self-sufficiency.
Economic importance of sesame in Tanzania
Sesame {Sesamum indicum L.) is an important traditional oilseed crop in Tanzania. Its
economic value exceeds that of most other crops, particularly in areas where marketing and haulage systems are efficient. Sesame became a cash crop as early as 1949,
and in 1959, about 3,600 tons of seed were exported (Weiss, 1983). During the last
two decades, oilseeds were a substantial source of foreign exchange earnings in
2

General introduction
Tanzania (Banda, 1992). Between 1980 and 1991, sesame export was leading among
the oilseeds crops in the country, followed by castor bean (Ricinus communis). In
terms of total value, sesame, castor bean, sunflower (Helianthus annuus), and soybean
(Glycine max) accounted for over 90% of the value of exported oilseeds in this decade.
The major export markets for sesame are Western Europe and Asia (Mponda, 1996).
Demand for sesame has been increasing both in the international and domestic markets
for confectionery and crushing and in domestic mills. The latter led to increased
producer prices, particularly after the liberalization of the market of oilseed crops
(Kamwela, 1993).
Slightly over 78% of national sesame production comes from the Mtwara and Lindi
Regions in Southeast Tanzania, and approximately 14% is produced in the Ruvuma
Region in the Southern Highlands. Southeast Tanzania is also the major producer of
cashew (Anacardium occidentale L.) accounting for more than 80% of the national
cashew production. Sesame is the second major cash crop in Southeast Tanzania, and
plays a significant role as a source of farmers' income in those areas where cashew
production is poor. It follows that there is justification in giving priority to research on
sesame as an alternative cash crop for farmers to diversify their cash incomes instead
of heavily depending on cashew.
There has been an increased demand for white coloured sesame seeds in the world
market, for both food and oil crushing industries (Kamwela, 1993). At the same time, a
shortfall in the supply of sesame in the major producing countries of India, USA,
China, Sudan, Brazil and Argentina has been stated. The increased demand for sesame
as well as the shortfall in world production provides an opportunity for Tanzania to
increase its production and export.
Maize and sesame production system in Southeast Tanzania
Tanzania is divided into seven agro-ecological zones (Samki et al, 1981; NALRM,
1991). These are the Northern Zone, the Eastern Zone, the Central Zone, the Western
Zone, the Southern Highlands Zone, the Lake Zone and the Southern Zone. The
Southern Zone, also known as Southeast Tanzania, comprises the Mtwara and Lindi
Regions, and the Tunduru District in the Ruvuma Region (Fig. 1.1). This zone covers
103,500 km , of which 17,750 km is in Mtwara, 67,000 km is in Lindi, and the remaining 18,750 km is in the Tunduru District. About two million people live in
Southeast Tanzania of which 50% live in the Mtwara Region (Katinila et al, 1998).
2
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The zone is characterized by mixed farming systems whose elements change with
variations in climate and environment. There are two main seasons: a humid and hotter
wet season (November to May) and a cooler, less humid dry season (June to October).
The mean annual rainfall ranges from about 800 mm in inland and central areas to
3
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Fig. 1.1. Location of the Mtwara and Lindi Regions, which together with the Tunduru
District in the Ruvuma Region comprise Southeast Tanzania.

1,200 mm in the hills and plateau near the Coast. Soils are variable, ranging from the
deep, well drained, but not very fertile sandy soils of the sedimentary zones, to the
deep, well drained, and somewhat more fertile red clay soils (FSR, 1992).
The most important crops grown are: starchy staples, i.e., sorghum {Sorghum
bicolor), maize, rice {Oryza sativa), cassava {Manihot esculenta) and millet {Eleusine
coracana); leguminous crops, i.e., pigeon pea {Cajanus cajan), cowpea {Virgina
unguiculata), lablab bean {Lablab niger), green gram {Virgna aureus) and bambaranut
{Voandzeia subterranea); oilseeds, i.e., sesame, groundnut {Arachis hypogaea), soybean; vegetables, i.e., onion {Allium cepa), tomato {Lycopersicon esculentum); and
trees crops as cashew, coconut {Cocos nucifera), orange {Citrus sinensis), banana
4
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(Musa spp.). Livestock (goat (Caprine spp.), cattle (Bovine spp.), sheep (Ovine spp.)
and poultry (Avian spp.) are also part of the farming systems. The main cash crops are
cashew, sesame, cassava, maize, coconut, and groundnut (Lamboll, 1991). Most
cultivated area is rainfed. A number of valley basins periodically experience uncontrolled flooding.
Bennet et al. (1979) classified Southeast Tanzania into 14 Farming System Zones.
The criteria used were soil type, rainfall, population distribution and the relative
importance of the major food and cash crops. Farming System Zone 8, which in
Southeast Tanzania is also known as the 'maize and sesame belt' is approximately
700,000 ha (Emmanuel, Naliendele Agricultural Research Center, Mtwara, Tanzania,
pers. comm.). This area is located between latitudes 9°40'58" and 11°00'54" South and
longitudes 38°31'01" and 39°23'05" East, covering parts of the Mtwara and Lindi
Regions. Its elevation varies from 400 to 500 metres above sea level. It is characterized by predominantly red clay soils, particularly in the central and northern part of the
area, and a fairly high population density. Agricultural potential also appears to be
higher than in most other areas, probably because of the combination of adequate rainfall (900-1000 mm annually), rather fertile soils, and the presence of valleys with
streams originating on the plateau (FSR, 1992; Katinila et al., 1995, 1998). Major food
crops are maize, cassava, pigeon pea, sorghum and rice while the main cash crops are
cashew, sesame, groundnut, maize, cassava and rice (FSR, 1992). Maize and sesame
are often found in intercropping systems, and quite often combined with other crops
such as sorghum, cassava, pigeon pea, groundnut and cowpea (FSR, 1992; Katinila et
al, 1995). In this area, maize is the most important source of carbohydrates, and
sesame is an important source of income (FSR, 1992; Katinila et al, 1998).
Need for intercropping research on maize and sesame in Southeast Tanzania
The Southern Zone Agricultural Research Centre is based at Mtwara in Southeast Tanzania. The Centre conducts research on maize, sesame, cashew, groundnut, sorghum,
rice, cowpea, pigeon pea, cassava and sweet potato. It also has a mandate to conduct
socio-economic studies, soil fertility and management, and livestock research with
small ruminants.
Research on maize and sesame crops has been conducted for more than 20 years.
Most agronomic recommendations related to choice of variety, plant spacing, time of
planting, plant density, fertilizer rate, weeding regime, and pesticide use have been
developed for both crops based on pure stands (TARO, 1987a, b). Even though most
farmers grow maize and sesame in intercropping systems, there has been little research
initiated to improve these existing systems. Understanding the efficiency of maizesesame intercropping systems and farmers' basis for adopting these systems were the
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