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Abstract. The homegardens are characterised by an intensive integration of numerous 
multipurpose trees and shrubs with food crops and animals, simultaneously on the same 
unit of land. 

The Chagga are skilled farmers with an intimate knowledge of the crops and their 
ecological requirements. They have a good idea of functions/uses of the plant species on 
their farms. The large species diversity provides both subsistence and cash crops. It 
enables the farmer to keep his management options open and provides insurance against 
drought, pest and economic risks. 

1. Introduction 

The Chagga are Bantu speakers descended from immigrants of  various tribes 
who migrated into the once forested foothills of  Mt. Kilimanjaro. Then began 
the process of  transforming the native forest. Trees that  provided fodder,  fuel 
and fruits were retained while the less useful species were eliminated and 
replaced with new tree and crop species. This process is still continuing on 
Mt. Meru - a neighbouring mountain.  

Mr. Kilimanjaro is one of the most densely populated areas in Tanzania. 
This is due largely to the ecological and economic success of  the Chagga crop- 

ping system. The homegardens enable the farmer to obtain a sustained 
production with a minimum of  external inputs and thus represent a good 
model of  landuse for extrapolation to other areas with similar ecological and 
socio-economic characteristics. 

Although the Chagga homegardens are often cited as an example of  model 
landuse [1, 7] ,  the system has not  been described in any detail. This paper 
identifies the major components,  describes their interactions and management 
aspects and presents an evaluation of the system's ecological stability, pro- 
ductivity and sustainability. 

Contribution No. 1 of the series on Agroforestry System Descriptions under ICRAF's 
AF Systems Inventory Project, funded partially by the United States Agency for Inter- 
national Development (USA1D) (see Agroforestry Systems, 1 (3), 269-273, 1983, for 
project details). Series editor: P.K.R. Nair, ICRAF. 
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International boundary 

Figure 1. Location of Mt. Kilimanjaro in northern Tanzania. 

2. General description of the area 

2.1 Geographic location 

The Chagga homegardens are found on Mr. Kilimanjaro in northern Tanzania 
(2.9-3.3°S, 37.0-37.5°E) (Figure 1). The bulk of the mountain covers 
about 3100km 2 and the highest peak is 5895 m above sea level. The area 
above the 1900 m contour is a designated forest reserve and national park. 

2.2 Biophysical environment 

2.2.1 Climate. Mt. Kilimanjaro region has a bimodal rainfall pattern; 'short 
rains' from October to December and 'long rains' from March to May. The 
average annual rainfall ranges from 1000 to 1700 mm with marked variation 
depending on elevation, exposure and aspect. Thus, Kilimanjaro gets more 
rainfall on its southeastern and eastern flanks (where the Chagga homegardens 
are) than on its northern and western sides which are sheltered from the wet 
southeast winds. 

2.2.2 Soils. There are four major groups (FAO/UNESCO Soil Map of the 
World - Sheet VI-3): 

(1) Humic nitosols and associated Humic andosols 
(2) Chromic cambisols and associated Eutric cambisols 
(3) Orchric andosols and associated chromic cambisols and vitric andosols 
(4) Mollic andosols and associated Eutric nitosols 
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In general, these volcanic soils are fertile with a high base saturation and 
cation exchange capacity. A major limitation is the step slopes which 
prevent mechanization and require substantial erosion control work. Other 
limitations include stoniness or a shallow petrocalcic horizon. 

2.2.3 Vegetation. Climax vegetation is montane rainforest. The forest varies 
in composition and structure along altitudinal and rainfall gradients. On the 
wetter southeastern slopes, there is a zone of Ocotea usambarensis and 
Podocarpus usambarensis. This occurs at an altitude of 1900 to 2400m.a.s.1. 
and a rainfall of 1500 to 1800mm. The drier end of Ocotea forest sometimes 
grades into a forest with much Cassipourea malosana associated with Myrica 
salicifolia. At lower altitudes what little remains of the forest is characterised 
by the following species: Newtonia buchananii, Macaranga kilimandscharica 
and Parinari excelsa. At around 1200m.a.s.1. and 1300mm rainfall, species 
include Albizia spp., Bombax schumanianum, Chlorophora excelsa, Diospyros 
mespiliformis, Khaya nyasica, Newtonia paucijuga and Terminalia kiliman 
dscharica. In contrast, the drier northwestern slopes (1000 to 2800m) have 
Juniperus procera as the dominant species in association with Olea africana 
and Olea welwitschii and sometimes in pure stands. 

2.3 Landuse systems 

2.3.1Agriculture. The southeastern and eastern slopes are characterised by 
intensive smallholder production of both subsistence and cash crops. 
Individual homesteads are densely scattered and food crops are grown under 
the canopies of banana and coffee. In addition, there are state owned coffee 
estates and farms. The drier northern and western slopes are used mainly for 
extensive grazing by the Masai. 

2.3.2 Forestry. Major plantation species are Cupressus lusitanica and Pinus 
patula of which there are about 3000ha in the west and 3500ha in north- 
eastern Kilimanjaro. The Forestry Department carries out various silvicultural 
operations in natural forests to encourage natural regeneration or root suckers 
of Ocotea usambarensis, Podocarpus graeilior, Podocarpus milanfianus and 
Juniperus procera. 

2.3.3Agroforestry. The intensive cropping system of the Chagga involves 
integration of several multipurpose trees and shrubs with food and cash crops 
and livestock simultaneously on the same unit of land. Within this cropping 
system several agroforestry practices can be identified. These include the use 
of multipurpose trees/shrubs: 
- to provide shade for coffee 
- as live fences 
- for fodder and mulch production 
- for bee forage 
- with anti-pest properties. 
A typical homegarden scene is depicted in Figure 2. 
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Figure 2. Chagga homegarden showing large trees, e.g. Cordia abyssinica, Albizia spp. and 
Grevillea robusta in the uppermost storey. Next are the banana and coffee canopies 
and here the lowest layer is comprised of fodder herbs and grasses. (Photo: 
E.C.M. Fernandes). 

3. Structure of the system 

The Chagga homegardens ('vihamba') cover about 1200 km 2 (120,000 ha) on 
the south and east slopes of Mt. Kilimanjaro. Recent estimates indicate that 
the south slopes have a population density of 500 km -z and an annual popu- 
lation growth rate of at least 3%. Marketing facilities are fair with Moshi town 
(Figure 1) being the nearest major market and a good road linking Moshi with 
Arusha, Tanga and Dares Salaam. 

The homegardens are located mainly between 900-1900m above sea 
level. In addition, each family has another plot ('kishamba') 10 to 16km 
away in the drier plains below the southern and eastern slopes. The kishamba 
has only very few trees and is used mainly for growing annual crops. 

3.1 Components of the homegarden 

3.1.1 Crops 

3.1.1.1 Food crops. Banana (Musa spp.), beans (Phaseolus vulgaris), cabbage 
(Brassica oleracea), cow pea (Vigna unguiculata), maize (Zea mays), onion 
(Allium cepa), potato (Solanum tuberosum), sweet potato (lpomoea batatas), 
taro (Colocassia spp. and Xanthosoma spp.), tomato (Lycopersicon 
esculentum), yam (Dioscorea spp.). 
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3.1.1.2Cash crops. Coffee (Coffea arabica), cardamom (Elettaria carda- 
momum). Surplus bananas and other food crops are also sold. Women 
are responsible for marketing the surplus bananas, vegetables and milk and 
they keep the proceeds. Men get the money from coffee, poultry and egg 
sales. 

There are at least 15 different types of banana grown on the homegardens. 
These include cultivars for food, brewing and fodder. In addition to the fruit, 
the leaves and pseudostems are also used for fodder while the stem sheaths 
and dried leaves are used as mulch for coffee bushes. Although a little maize 
is grown in some homegardens, the bulk of the crop is grown intercropped 
with beans on the lowland kishamba. Finger millet (Eleusine coracana), an 
important crop used for brewing and making a porridge, is also grown in the 
lowlands. 

3.1.2 Trees and shrubs. Chagga farmers deliberately retain and manage 
numerous species of trees and shrubs on homegardens. Table 1 provides an 
indication of the species diversity and their uses. The men are responsible for 
lopping the fuel and fodder trees while the women harvest the fodder grasses 
and herbs. 

3.1.3Animals. Cattle are kept for milk, while goats and pigs are kept for 
meat for sale and/or for home consumption. Recently, some farmers have 
started keeping improved cattle. The more popular breeds are Fresian, Jersey, 
Ayrshire and crosses involving these and local breeds. Each farmer has an 
average of 3 cows, 2 goats and 6 chickens [6]. In some cases a pig is also 
kept. Livestock are stall-fed with fodder from trees/shrubs, banana plants and 
grasses grown on the homestead. Supplementary fodder is harvested from the 
kishamba in the plains or bought at 20 Tshs* a headload (30-50  kg). 

3. 2 A rrangem ent/In teraction of  components 

The spatial arrangement of components is irregular and appears very hap- 
hazard with the trees/shrubs and food crops intimately mixed. Vertically, 
however, several relatively distinct zones can be distinguished. A schematic 
presentation of the canopy structure is presented in Figure 3. In terms of 
canopy depth, the lowest zone (0-1 m) consists of  food crops like taro, 
beans, and fodder herbs and grasses. Included in this zone is the regeneration 
of the overstorey trees/shrubs. The next zone (1-2.5 m) comprises mainly 
coffee with a few young trees/shrubs and medicinal plants. Next is the 
banana canopy (2 .5 -5m)  with some fruit and fodder trees. Above the 
'banana' layer, vertical zonation is less distinct with a diffuse zone (5-20  m) 
of the preferred fuel and fodder species and another zone (15-30 m +) of 
the valuable timber trees and other fodder and fuelwood species. There is 
considerable overlap of the stories with continuous recruitment to the various 
zones.  

*1 US$ = 12.45 Tanzanian shillings (January 1984). 
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Table i .  Woody species commonly found in the Chagga homegardens and their functions 
and uses 

Species Functions/Uses 

Albizia schimperiana 
Bridelia micrantha 

Caesalpinia decapetala 
Calpurnia aurea 

Carica papaya 
Cassia didmyobotrya 
Cedrela mexicana 
Chlorophora excelsa 
Citrus spp. 
Commiphora spp. 

Cordia abyss#~ica 

Croton macrostachys 

Datum arborea 

Diospyros mespiliformis 
Dracena usambarensis 
Dracena afromontana 
Ethretia spp. 
Eriobotrya japonica 
Ficus spp. 
Gardenia spp. 
Grevillea robusta 

lboza multiflora 

Markhamia platycalyx 
Morus alba 

Newtonia buchananii 
Olea welwitschii 
Persea spp. 
Psidium gua]ava 
Rauwolfia caffra 

Rauwolfia inebrians 
Ricinus communis 

Syzigium africanum 
Tectona grandis 
Trema guineensis 

Trichilia emetica 

Uvaria spp. 
Vangueria tomentosa 

fuelwood, building material. 
building poles, fodder, roots used 
medicinally. 
live fence. 
coffee shade, poles, tool handles, leaf 
decoction as anti-helminthic for cattle. 
fruit, mosquito repellent. 
medicinal uses, poisonous to cattle. 
fuelwood, timber. 
Valuable timber. 
fruit. 
fodder, anti-insect properties, live 
support for yams, fencing material. 
coffee shade, fuelwood, building 
material, beehive construction. 
coffee shade, fuelwood, fodder, anti- 
insect properties. 
bee forage, anti Armilaria mellea, anti- 
nematodes. 
valuable timber. 
live fence, boundary marker. 
live fence, boundary marker. 
poles, tool handles, anti-biotic properties. 
fruit, building material, hedge tree. 
fodder, charcoal. 
utensils, anti-insect properties. 
coffee shade, fuelwood, building 
material. 
live fence, leaves fed to cattle as anti- 
helminthic, roots have anti-Bilharzia 
properties. 
termite proof building poles, fuelwood. 
fodder, fuelwood, reinforce live fence of 
Caesalpinia decapetala. 
fuelwood. 
valuable timber, fodder. 
fruit. 
fruit, fuelwood. 
fuelwood, bark for brewing, anti-pest 
properties, used as store for maize cobs 
which ar hung in its branches. 
coffee shade, fuelwood. 
seed oil used medicinally, seeds in bait as 
rodent poison. 
fuelwood, fruit. 
valuable timber. 
fodder, anti-insect properties, used 
medicinally. 
fuelwood, root decoction as anti- 
helmimhic. 
fuelwood., 
fruit, roots as snake bite remedy and 
anti-helminthic. 
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Other useful plant species maintained in homegardens 

Aloe volkensis 
Cynodon dactylon 
Pennisetum purpureum 
Senecio kilimandscharica 

Setaria sphacelata 
Vetiveria zizanoides 

antibiotic properties, grave marking. 
fodder grass. 
fodder grass. 
medicinal use especially against kidney 
ailments. 
fodder grass. 
grass planted along contours for soil 
erosion control, roof thatch. 

Over 100 crop and other plant species that appear in the Chagga homegardens have been 
listed in a separate publication [5] 

ESALPINIA 
~ECAPETALA 

Figure 3. Typical vertical zonation in a Chagga homegarden. 

The intimate arrangement of components results in the interactions between 
components occurring both in time and space. The nature of interactions 
varies and can be 

- direct, e.g. fodder trees/shrubs and livestock; tree/shrubs and bees; cattle 
manure and crops, tree/shrubs. 

- cyclic, e.g. crop residues and cattle. 

- competitive, e.g. bananas and coffee; tree/shrubs and crops. 
No data is available to indicate the magnitude of the direct or cyclic 
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interactions. Trials conducted at the Coffee Research Station, Lyamungu and 
over a part of the main coffee area on Mt. Kilimanjaro showed that bananas 
interplanted in either young or mature, lightly shaded or unshaded Coffea 
arabica significantly reduced coffee yields [8]. Other trials elsewhere showed 
that provided farmyard manure was applied to the banana clumps, the yield 
of bananas planted at 960 stools per ha was not greatly affected by the 
presence or absence of interplanted coffee. Reduction of the density of 
bananas interplanted in coffee from 960 to 480 stools per ha resulted in a 
lower total banana production, which was partially offset by the higher rate 
of fruiting and larger bunches from the wider spaced plants [2]. This is sig- 
nificant since it is bananas and not coffee that is the primary crop in the 
Chagga cropping system. 

3. 3 Management aspects 

The Chagga have an intimate knowledge of the various crops and plants and 
their ecological requirements. Management techniques applied today have 
been continuously refined and tested over the ages and handed down from 
one generation to the next. Thus, when the farmers think the time is right, 
they carry out various operations such as opening up the canopy to ensure 
better fruiting of the coffee, spacing out the banana stools and manuring the 
different crops. They maintain plant species (e.g. Datum arborea, Rauwolfia 
caffra) that repel or eradicate various pests and know the best fodder trees/ 
shrubs and when and how to lop them. 

Each homegarden has a network of irrigation/drainage furrows distributed 
over its area and linked to other homegarderns in the vicinity. The farmer is 
thus able to tap and utilise run off from the forest reserve and other home- 
gardens on the slopes above. 

The number of banana clumps and coffee bushes on a homegarden varies 
not only with altitude and aspect but also with the management capabilities 
and preferences of the owner. In general, the range of banana clumps per 
homegarden varies from 200 to 800 (330 to 1200ha -1) and coffee 300 to 
1000 (500 to 1400ha -1). There are in addition, an average of 39 other trees/ 
shrubs retained and managed on the homegarden. Shade tolerant crops 
e.g. taro, yams and beans are intercropped between the coffee and bananas 
(Figure 4, bottom) while the more light demanding species are grown in a 
section of the homegarden over which the canopy has been thinned to 
minimise shade. 

Coffee extension services provide advice on prunning and spraying against 
coffee berry disease and leaf rust. Most of the coffee trees have a single stem, 
while each banana clump is maintained with 3 to 5 pseudostems of different 
ages so as to facilitate a continuous banana harvest. 

Most Chagga farmers either plant or encourage any natural regeneration of 
valuable timber species (see Table 1). These young trees in the understorey 
experience considerable shade and this encourages straight stems with few 
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Figure 4. (top) Valuable timber trees are found on most Chagga homegardens. Teak trees 
(to the left and centre of picture) are seen growing up through the banana canopy 
(bottom) Taro together with young coffee and banana plants in the lowest storey. Nott 
the hoe used for tillage. (Photos: E.C.M. Fernandes). 

branches. When appropriate, the overhead canopy is thinned to allow the tree 

to grow into the upper stories. Figure 4 shows teak trees growing up through 

the banana canopy. The trees are allowed to grow to a size approaching 0.6 to 

1 m 3 i.e. a rotation of  60 to 80 years. A large tree (about 1 m 3) of Olea 
welwitschii can fetch a price of 10000Tshs.  If  such a tree is to be felled 
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during the lifetime of the present owner, then he in turn plants one so that 
the next owner will also inherit a valuable tree. 

It is important to note that although the great majority of homegardens 
are intensively cultivated and well managed, one also encounters some that 
are neglected, overgrown and sometimes abandoned. 

4. System functioning 

4.1 Resource utilisation 

4.1.1 Land. The average size of a homegarden is 0.68ha with a range of 0.2 
to 1.2ha. Traditionally, the land was divided only between the sons but 
nowadays daughters can also inherit the homegarden or part of it. Land 
tenure is based on a strongly held traditional belief that there is a close 
'spiritual' link between one's ancestors and the soil [1]. Thus, once a member 
of the immediate family is buried in the homegarden, tenure is assured for 
the current owner and his descendants and such a homegarden may even be 
abandoned for several years without the danger of someone else assuming 
ownership. This is in contrast to the lowland kishamba (allocated by the state 
and whose size is proportional to family size) where tenure is on an annual 
and usufructuary basis. If  this land is not used for one or two years it may be 
claimed by another person. 

4.1.2 Labour. An average household size of 9.9 people provides a workforce 
of four family members. In the homegardens, planting, tending and harvesting 
of bananas, taro and yams occurs throughout the year. Coffee harvesting 
usually starts in August and continues till January. The peak labour period is 
between January and March [3]. This is because coffee harvesting coincides 
with land preparation and planting of crops both in the homegardens and on 
the lowland kishamba. In contrast, April to June is a low labour period and 
preceeds the harvesting of maize, beans and finger millet from the lowlands. 
In the homegardens all operations are performed by human labour, whereas 
in the lowland, ploughing may be done by tractor. 

4.1.3 Capital. Each farmer has an average of 560Tshs worth of farm imple- 
ments (axes, hoes and pangas). Only a few farmers own a tractor. These are 
leased to others for ploughing the lowland kishamba. 

4. 2 Inputs 

Seeds are mostly obtained from previous crops although it is possible to buy 
seed from the Tanzania Farmers' Association. Dung from the stall-fed live- 
stock and other household wastes are spread around the banana clumps and 
coffee bushes. Chemical fertilisers are generally not used. The Kilimanjaro 
Uremi Cooperation (KUC), a cooperative concerned with the production and 
marketing of coffee, supplies pesticides free of charge for use against coffee 
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berry disease and leaf rust. In addition, the Chagga use a variety of plant 
species with anti-pest properties (see Table 1). Credit facilities are offered by 
the KUC and the Tanzania Rural Development Bank (TRDB). The TRDB also 
offers soft loans for dairy cattle and pig production. 

4. 3 Production 

An average homegarden of 0.68 ha produces about 125 kg of beans (184 kg 
ha-a), 280 kg of parchment coffee (412 kg ha -1) and 275 bunches of bananas 
(404ha -1) annually. In August 1983, Coffee fetched 16.85Tshskg -1 while 
the average price of  a bunch of bananas was 30 Tshs. The maize harvest from 
the lowland plot averages 360 kg per year. Almost all the coffee produced is 
sold, although the poorer quality beans obtained towards the end of the 
harvest are retained for home consumption. No production data is available 
for taro, yams cardamom and onions. Local sources indicate that crop failure 
involving coffee and/or maize and beans occurs once every 3 or 4 years. 
However, total failure involving in addition, bananas, other fruits, root crops 
and livestock has never occurred. Each farmer keeps between 3 - 5  traditional 
bee-hives. It is conservatively estimated that each hive produces at least 
5 kg of honey per year. Milk production by traditional breeds under stall 
feeding conditions is low (1-41 per day), whereas improved cattle produce 
between 8-161 per day. Pigs are fattened up and sold within a period of 
6 -12  months. 

It is difficult to estimate the quantity of fodder produced in the home- 
garden, but most of the Chagga farmers are almost self sufficient in fodder 
production for their livestock. As outlined in 3.1.3. supplementary fodder is 
bought if needed. 

Fuelwood production in homegardens is estimated to be between 
1-2  m 3 yr -1 (1.5-3 m 3 ha -1 yr -1 ). If  we assume a minimum consumption of 
l m  3 per adult per year, then each family requires between 4 - 6 m  3 yr -1 . 
Thus a homegarden supplies ~ to ½ of the fuelwood requirements. The rest is 
obtained from the forest reserve or from the kishamba where Acacia spp. and 
Combretum spp. are retained. 

5. System dynamics 

5.1 Growth o f  system 

There is no more land (outside the forest reserve) on Mt. Kilimanjaro that is 
suitable for the Chagga homegardens. Thus expansion in terms of increased 
area occupied by the cropping system is no longer possible on Mt. Kili- 
manjaro. Instead, existing homegardens are reaching the limit of intensive use 
at the present level of management. They are also becoming increasingly frag- 
mented due to sub-division. This land scarcity has led to the migration of 
some Chagga to Mt. Meru (70km southwest of Mt. Kilimanjaro), an area that 
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has ecological conditions similar to those on Mt. Kilimanjaro. Local sources 
indicate that there has been some inter-marriage between the Chagga and 
Meru (the indigenous tribe on Mt. Meru) and this has probably been an 
important factor in enabling the Meru (who were formerly pastoralists), to 
successfully adopt the complex Chagga homegarden system within a period of 
about 50 years. 

5.2 Sustainability 

Although the Chagga cropping system has been stable over at least a century, 
it is only recently that the system as a whole has come under pressure due to 
rapid population growth, diminishing land resources and change in dietary 
habits (maize replacing bananas as the staple food). Migration of youngsters 
to urban areas leads not only to labour shortages, but also disrupts the 
traditional transmission, from one generation to the next, of the knowledge 
and experience required for the successful management and perpetuation of 
the complex multicropping system. In recent years, coffee prices declined 
markedly on international markets and this combined with the labour inten- 
sive nature of the crop, resulted in some Chagga farmers threatening to 
remove the coffee bushes from their homegardens. Despite these pressures, 
however, the system still appears to be working well with the majority of 
farmers. Nevertheless, if the system is to remain sustainable, then its produc- 
tivity will have to be increased to cater for the rapidly increasing population. 

6. Evaluation 

6.1 Merits 

(1) The continuous ground cover and high degree of nutrient cycling are 
the major factors that permit the Chagga homegardens to remain sustainable 
on the erosion-prone slopes of Mt. Kilimanjaro. 

(2) Coffee produced by the Chagga contributes significantly towards 
Tanzania's foreign exchange earnings. Over 52% of Tanzania's export coffee 
comes from Kilimanjaro and in 1982 this represented an earning of US$ 65 
million. 

(3) The various crop species and varieties in the homegarden represent 
years of natural selection for survival and farmer selection for better pro- 
duction and quality. These species have a good resistance to prevalent pests, 
compete well with weeds and have a generally high level of genetic variability. 
The Chagga homegardens thus represent a valuable gene pool for use in any 
breeding programmes to improve crop varieties for multistorey cropping 
systems. 

In addition, the advantages attributed to intimate multispecies, multi- 
storey associations are many. They include soil conservation, nutrient cycling 
and nutrient efficiency, microclimate enhancement (4) and other benefits 
such as labour efficiency, risk minimisation and continuous production. 
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6.2 Weaknesses/Constraints 

(1) Although the Chagga homegardens are a stable landuse system, their 
productivity is relatively low. In order to meet the demand for food of a 
rapidly growing population, the productivity of the homegardens must be 
increased. The problem lies in the need to increase productivity while retaining 
the stability of the present system. 

(2) With the present trend of young people migrating to urban areas, it is 
mostly the older people left to manage the homegardens. Extension workers 
may thus find it more difficult to introduce innovations. 

(3) Present extension workers focus on individual crops/components. The 
absence of an integrated approach and subsequent lack of awareness of the 
possible interactions of the various components and their repurcussions can 
result in problems for the farmer and loss of faith in the extension service. 

6. 3 Po ten tial 

On Mt. Kilimanjaro, the homegarden's potential as a productive and sustain- 
able system can be enhanced by 

(1) Replacing the less productive trees/shrubs with fast growing nitrogen 
fixing species e.g. Leucaena leucocephala, CaUiandra calothyrsus, Gliricidia 
sepium and Lespedeza bicolor. These would provide increased fuel, fodder 
and green manure on the homegarden and would reduce the time spent in 
travelling long distances to gather supplementary fuel and fodder. 

(2) Improving animal husbandary so as to achieve, for example, a lactation 
period of around 300 days per year. 

(3) Improved apiculture e.g. the use of top bar hives, better bee strains, 
improved harvesting and honey extraction methods. 

(4) Introducing new crop varieties using the gene pool developed by 
natural and farmer selection not only in Tanzania, but also from homegardens 
in other parts of the world. 

(5) Using fertilizers. Credit facilities could be provided by the Tanzania 
Rural Development Bank. Purchasing, storage and distribution of the fertiliser 
could be carried out by the Tanzania Farmers' Association or the Kilimanjaro 
Uremi Cooperation. 

6. 4 Extrapolability 

Despite the need for intimate knowledge of the components and a high level 
of management capability, the Chagga homegardens can be extrapolated to 
upland areas (e.g. Kenyan highlands, S.W. Ethiopia, S.W. Rwanda) where 
ecological conditions are similar and farmers practise less intensive multi- 
storey cropping. Preferences for local species/varieties can be catered for by 
appropriate substitution or introduction. A demand for maize cultivation in 
such homegardens could be accomodated by growing the maize between rows 
of trees. Shade effects could be minimised by an east-west orientation of 
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the rows. Ground cover can be maintained by  intercropping the maize with 
beans or cow peas. 

6. 4 Research needs 

Information is required on the following possibilities that could be used to 
improve the overall productivity of  the homegardens. 

(1) Optimal spatial and temporal arrangements of  the various components.  
(2) Optimal crop associations. This includes component  crops/varieties dif- 

fering in morphology, maturi ty period, shade tolerance, rooting depth and 
photoper iod sensitivity. 

(3) Since chemical pest control is no real alternative in small holder crop- 
ping systems, information is required on crop/species combinations with a 
greater potential  to reduce pests, diseases and weeds. The effectiveness of  the 
plant species with anti-pest properties that are already used by the Chagga 
could be investigated as a first step. 

(4) Better soil management techniques e.g. green manure, mulches and the 
most appropriate time of  application. 

(5) Appropriate  fertiliser prescriptions for the intimate multispecies associ- 

ations present in the Chagga homegardens. 
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