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I) identity ami classily the divcisc linger millet production systems in Southwestern 

I in ama Ihioiigh (aiming systems appioach that includes various components analysis 

ami inteiaetions.

liml out socio cultural ami socio economic backguitinds associated with the systems.

i) figinc out tingei millet production systems as an innovative process (hat has been 

developed through hisloiical and environmental interactions.

I) claiily (he iide of indigenous technologies in the light of agronomic sciences throng,h 

on laim experimentation at laimcis’ field, and extract the basic strategies embedded in 

(he system.

Ixlcnsive suivcys in Rnkwa and Mbeya Reg,ions and intensive survey in Mbo/i District 

were conducted to collect information on finger millet production systems dining 2000 

and .*00.’. On farm field experiments were conducted to clarify agronomic significance 

of indigenous technologies ami farmers' practices riming, (wo crop seasons in 2001 and 

.’00.*. Through the suivcy, nine land preparation techniques were identified in (he field, 

namely: slash and burn (iitemcle and nkoimniji/ti variants), mounds (nttimbti), ox­

ploughing with cultivated fallow, ox-ploughing with un-cultivated fallow, burnt mounds 

(iikule), ridg.es with cultivated fallow, ridg.es with un-cultivated fallow and hand-hoe 

cultivation, and with consideration of intensity of rotation, they were grouped into I) 

shifting, cultivation, ii) fallow and iii) continuous cultivation farming systems; and further,

Hie an-.is

Vaiinas pioduction practices for finger millet are found in Southwestern Tanzania even 

today when staple food has changed Io maize in many pails ol lan/ania. Demand for 

brewing has made tingei millet an impoilant cash ciop in Mbo/i. Ileje, Sumbawanga and 

Nkasi Dishii'ts under present rnaikel oriented socio economic environment. I*'armeis 

louml llicii wavs ol innovating indigenous technologies to balance the household 

these practices and all influencing factors characlcii/e the farming, systems of 

Despite inherent eiiviionmenlal degradation and almost exclusive use of 

li.idilional technology, the Inline ol finger millet production is still promising, socio 

i idfiii.dlv ami in specific situations technological!y. b'or these reasons, research has been 

can icd out wit h the aim Io:

ridg.es
ridg.es
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Finger millet in Southwestern Tanzania is usually planted as an opening crop and 

essentially as a monocrop in different cultivation systems. Livestock keeping has been 

found to be particularly important for households that practice ox-ploughing.

Among socio-economic parameters, household size, available workforce and possession 
of cattle were strongly related with the level of finger millet cultivation. Ox-ploughers 

cultivated more acreage and produced more of the crop, thus also obtaining more cash 

out of it. When coupled with “cultivated fallow” (kuvuiidika') practice, ox-ploughing has 

become almost insatiable in household labour saving. Particularly during planting, 

labour saving is of un-parallelcd importance, because of erratic rainfall of the period. 
Other cultivation practices also focus on reducing manpower requirements during peak 

period, such as kuvuiidika cultivation during previous crop season accompanied later with 

very easy re-cultivation (breaking of iitumba, nkule mounds, ridges or re-cultivating ox- 
ploughed fields) prior to sowing, or absolutely no ploughing with slash-and-burn 
cultivation.

or kuvuiidika

Ox-ploughing and kuvuiidika practice indicate evolutionary trends in cultivation 

technology in response to diminishing woodland through slash-and-burn cultivation. 

Another environmentally sensitive issue is an expansion of crop fields associated with 

ox-ploughing as a way to counteract declining soil fertility when ash-based fertility of 
slash-and-burn system cannot be practiced. Thus, cultivation technology seems to follow 
the reverse order of woodland preservation from Fipaland (origin of iitumba cultivation) 

and Nyihaland where break-down of slash-and-burn cultivation evolved the nkule system 
to Nyamwangaland where there are still comparatively rich woodlands. Great diversity

fifteen cultivation systems were categorized. The “’cultivated fallow” 
practice was found to be a common characteristic of all finger millet cultivation systems 

in the study area except slash and burn, nkule and continuous cultivation. 1 his practice is 
a very important indigenous farmers’ strategy for soil fertility and good physical structure 

assurance via decomposition and rainwater infiltration, and manpower management 

during critical period.
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Farming systems analysis of finger millet cultivation in Southwestern Tanzania thus 

facilitates not only to understand indigenous technologies on scientific basis, but also to 

clarify the basic strategics embedded in the systems. Unlike modern farming systems, 

maximizing healthy growth of individual plants under regulated plant population is not 

the main idea in the indigenous finger millet production. Rather, main effort is made in 

increasing the number of plants to survive until harvest by producing favorable

of the cultivation systems found in Mbozi District is associated with the adoption of 

ntumba system from Fipaland, and nkule system from Nyihaland. Introduction of ox­

ploughing in all research areas after 1950s helped increase the importance of maize as a 
staple food, but did not wipe out the motivation of cultivating finger millet. This 

signifies the importance of indigenous technological innovation, and calls for re- 
evaluation of indigenous systems as sustainable development pathways.

On-farm experimentation was conducted in 2001 and 2002 in Mbozi District for 

comparative examination of different cultivation systems in terms of crop performance 

and change in soil characteristics. Crop growth and yield increased remarkably with 
slash-and-burn and nkule cultivation. Yield component analysis revealed that yield of 

linger millet is composed mainly of plant density and panicle weight. The experiments 

demonstrated that the main aim of indigenous cultivation is to increase plant 
establishment by improving soil condition particularly soil nutrients and pH. Yield 

increase in 2001 slash-and-burn (nteniele} plots was associated with decreasing plant 
density and increased panicle weight per plant. This shows that plants start to compete 

for nutrients and sunlight after certain level of crowdness, if nutrient supply is sufficient. 

The importance of early stage of growth (seedling vigour) was demonstrated by a strong 

correlation between seedling growth and panicle size. All cultivation systems 

investigated had remarkable influence on seedling vigour as a result of improved soil 

fertility and physical characteristics. Unique to some of the areas of this research and 

most unlikely to be found anywhere else world-wide is the submersion and soaking 
processing techniques practiced on finger millet after harvest. Practical and physiological 

significance of this technology was experimentally validated.
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conditions first for seedling emergence and establishment, then plant growth, within 

available resources and technologies. The evolution of indigenous finger millet farming 

systems in Southwestern Tanzania gives an example of an agricultural development 
pathway even today when staple food has shifted to maize, for socio-culturally oriented 

indigenous way of thinking is a base for future sustainable resource management.
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CHAPTER ONE
1.0. INTRODUCTION

1.1. THE FINGER MILLET CROP

1

Finger millet is comparable with other cereal grains in composition, very rich in 

carbohydrates, with significant quantities of other nutrients. It contains 8% protein, 2.7% 
minerals and 3% fibre in addition to 72% carbohydrates. Finger millet is especially rich 

in calcium, containing 0.33% dry weight of the element whereas many other cereals 

contain only 0.01 - 0.06% (Purseglove, 1985). In many parts of East Africa finger millet 
porridge is traditionally used as special food for women with suckling babies and because 

of high calcium content this makes it very essential for stimulation of milk production. It 

is also rich in iron and phosphorus. The flour can also be made into various weaning food 

formulations.

The use of finger millet for brewing or as malt makes it a cereal grain of indispensable 

value. It is usually preferred for brewing than maize and sorghum in the whole of Eastern 

(Ethiopia, Uganda, Kenya, Tanzania) and Southern Africa (Zambia, Malawi, Zimbabwe). 

The grain may also serve as animal feed, straw can be used as hay, for thatching and also 

for making various types of food containers (Acland, 1971). The crop also finds many 

medicinal uses. According to Duke (1983), finger millet is diaphoretic, diuresis and

1.1.1. Importance and uses

Finger millet is a very important crop in Tanzania particularly in Southern and 
Southwestern Regions of the country (Ruvuma, Lindi, Mbcya, Rukwa); in the central 

plateau especially Kondoa in Dodoma, and Singida Regions, in the Northern highland 
areas (Kilimanjaro, Arusha and Manyara Regions) and in north Mara area. Previously 

before maize was adopted as a more important food crop, finger millet was used as staple 

food in the areas of its production. In Southwestern Tanzania (Mbcya and Rukwa 
Regions) particularly in Mbozi, llcje, Sumbawanga and Nkasi Districts where the crop is 
produced in significant quantities, finger millet is nowadays a very important cash crop 

that balances the household economics of many individuals except in Eastern part of 
Mbozi District where coffee is an important alternative cash crop.



2

Worldwide finger millet is produced mostly in India and Africa. Production statistics for 
finger millet is usually combined with that of bulrush millet. In 2002 Tanzania produced 

approximately 200,000 metric tons from an area of 200,000 hectares (FAO, 2003).

vermifuge. It has also been claimed to be a folk remedy for leprosy, liver disease, measles, 
pleurisy, pneumonia and smallpox (Duke and Wain, 1981; Watt and Breyer-Brandwijk, 

1962).

1.1.2. Genetics, origin and classification

Finger millet (Eleusine coracana (L.) Gacrtn) is also commonly known as African millet, 

Indian millet, ragi, ropuko, koracan, bird’s foot, etc; . The crop is best referred to as 
Eleusine coracana ssp. coracana to distinguish it from the wild finger millet Eleusine 

coracana ssp. africana (Hilu and de Wett, 1976). Both E. coracana ssp. coracana and E. 
coracana ssp. africana are tctraploids (2n = 36) and freely cross fertile. It is among few 

crops known to have been either wholly or partially domesticated in East Africa (Vavilov, 

1951). There are indications that the crop is of very ancient cultivation in East Africa and 

according to Purseglove (1985), the crop is considered to have been introduced to India 

approximately 1000 years B.C.

Finger millet is a very convenient grain. It can be stored for a longer period than any 

other cereal without deterioration or use of any insecticide. As its seeds arc small, they 

dry out quickly and insects cannot live inside them. Sufficient storage has been recorded 

for as long as 10 years or more (Acland, 1971; Purseglovc, 1985); up to 50 years 

storability without damage has been reported (Duke, 1983). The grains are claimed to 

improve in quality with storage (Duke, 1983). Because of it’s storage characteristics 
finger millet is recognized as a very important famine crop. In Uganda, for example, 

where humidity usually prevents safe storage of larger seeded cereals such as maize 

finger millet used to predominate cereal production. During the British administration the 

crop was strategically cultivated in the country and stored as a famine relief crop 
(Purseglovc, 1985).



3

The concept of farming systems approach to agricultural development was started in 

1970s as a reaction to the problems emanating from the green revolution attempts in 

tropical countries of Africa and America. In this approach an efficient way of 

disseminating agricultural innovations to farmers without problems of lack of 

sustainability and adaptability was sought. As many researchers have reported (Jones and 

Wallace, 1986; Shiva, 1995; Byerice, 1994), many technological packages associated 

with the green revolution could not realize their intended impact because these packages 

were developed in research stations with the aim to increase yield, but did not in many 

occasions involve farmer’s own conditions and prevailing characteristics that determine 

adoption of innovations. The concept of farming systems was therefore introduced as an 

approach to seek understanding of indigenous or farmers’ local conditions at farm level 

and to develop technological packages that were adaptive to local conditions. For this 

reason farming systems has assumed a descriptive role and (1CR1SAT, 1974) defines it as 

“the overall complex of development, management and allocation of resources as well as 

decisions and activities that within an operational farm unit or combination of such units 

results in agricultural production and processing, marketing (and the utilization) of the 

product”. Therefore in this definition the problem of development of technology aiming 

only at increasing production without equally considering the end consumer and producer 

preferences, priorities and capabilities has been resolved.

1.2. FARMING SYSTEMS AND INDIGENOUS TECHNOLOGY

Agricultural development has been a result of the balance between technology 

application and management of production resources. This balance is not easy to achieve 

and any agricultural system usually tells from its products and the combination of 

products and production patterns how much technology and management effort has been 

invested in the production system. When particularly in traditional peasantry agricultural 

systems the balance between technology, management or farmer’s toiling and production 

was found to be chronically constrained a way was sought to get rid of the constraints and 

speed up agricultural development. Among such remedies was the adoption of farming 

systems research and development approach.
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In Tanzania, especially in the Southern Regions of Mbeya and Rukwa, finger millet is 

cultivated mostly in extensive systems. Very limited research has previously been

Researchers who have practiced Farming Systems Research approach have found it 

imperative to recognize and make use of farmer’s indigenous technology in the 
development and adaptation of technological innovations (Jones and Wallace. 1986; 

Hilderbrand, 1996). In this way the researchers develop technologies that farmers can 

cope up with thus easily disseminated. In addition to technology an understanding of 
consumer preferences and determinants of consumption patterns and producer goals, 

priorities and limitations is crucial to proper operation of the system.

1.3. FINGER MILLET FARMING SYSTEMS IN SOUTHWESTERN TANZANIA

Farming and cropping systems vary substantially from one location to another cL..pending 

on the available resources, farmers knowledge and preferences and physical 

environmental, socio-economic and political factors that influence agricultural activities. 

As already pointed out earlier finger millet is cultivated mostly in Eastern Africa and in 
the Indian sub-continent. Research conducted on this crop in East Africa is, however, 

very limited, and for this reason most literature about its farming systems is restricted to 

the Indian subcontinent where most of the crop is produced and also where most research 

and documentation has been conducted. The crop’s farming systems arc very much 
dependent on the prevailing physical environmental conditions. The systems in the Indian 

sub-continent arc more intensive than can be found elsewhere. Here finger millet is 

invariably reported as a transplanted crop receiving chemical fertilizers, irrigation and 

sometimes pesticides (Rao et al, 1991; Budhar and Palaniappan, 1984; Vcnkataswarlu et 

al, 1984; Vanangamundi et al, 1990; Iruthayaraj and Scnnaiyan, 1984); and grown as a 

monocrop (Rachie and Peters, 1977) or in intercrop systems (House et al, 1995; Singh 
and Arya, 1999; Maitra et al, 2000). In this sub-continent the crop may be produced in 

rotation with rice or vegetables such as chillies, sweet potatoes, onions, eggplants and 
other garden crops in wet areas; or with sorghum, other millets, pulses and grains; oilseed 

crops and peanuts or mixtures of them in rain-fed arid and semi-arid conditions (Rachie 

and Peters, 1977).
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Traditional cultivation of finger millet in Southern Tanzania has also witnessed the 

impressive technological innovations of beer making. There are several types of local 

beer all made from or using finger millet as raw material. The variability in the 

technology of beer making displays great inventiveness of the local people practicing 

agriculture. An attempt to study their production system in greater detail has revealed

There arc records reporting rather unique systems of cultivation and production of finger 

millet in Southern Tanzania. These systems have been the ways of producing the crop 

from time unknown and arc still not only interesting but technically very sound. Indeed, 

linger millet is considered to mark the beginning of civilization in the area when people 

learnt for the first time how to cultivate the land and raise crops, the first crop being 

finger millet. Oral traditions and written history (Willis, 1966; Knight, 1974) place finger 

millet as the most original and most important traditional crop in the area. Unique 

methods of cultivation characteristic only in the area are all associated with finger millet 

production. Examination of the different methods of cultivation that are still well in place 

to-date in an evolutionary perspective reveals an interesting example of chronological 

agricultural technology development. This evolutionary trend can be traced from the 

descent of various methods of land preparation from the original slash and burn practice. 

These methods include the ntumba (mound) and ox-ploughing systems and the grassland 

nkule or ihombe systems. All these cultivation systems seem to have focused on the 

problem of soil fertility, poor seedling establishment; and weed control.

conducted on the crop as already pointed out. For this reason, very little information is 

available concerning detailed production techniques, production constraints and the 

overall impact of the crop to the socio-economic and cultural environment in the areas. 

I he crop is only known to be produced in this area from very long time in the past and 

it's production techniques have remained almost exclusively indigenous. These 

techniques nevertheless have managed to sustain the crop production and retain it’s quite 

important position among cultivated crops in Tanzania for a long time. It is imperative to 

understand thoroughly the characteristics of the crop’s farming systems in the area for 

any improvement strategy on this very important crop.
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even much more innovativeness, particularly referring to the crop processing techniques 

in Ileje.

1.4. RESEARCH OBJECTIVES
Proper understanding of the characteristics of farming, production techniques, crop 
utilization and the interaction of the crop production techniques in relation to other crops, 

other agricultural products, inputs to the production system and the overall physical, 
socio-economic and socio-cultural environment influencing the production activities is a 

prerequisite for any improvement strategy of the farming conditions. In Southwestern 

Tanzania as it is elsewhere in the country, very little research has been conducted on any 

aspect of finger millet production. The crop has been produced almost exclusively under 

traditional production technology and surprisingly, production has been sustained for 

centuries. Various indigenous technological innovations are known to have been taking 

place sometimes unnoticeably, and no definite, up to date information is available 

detailing on the farming conditions, indigenous achievements and most likely 
intervention strategy to improve future production of the crop. All these have necessitated 

this study. Thus the overall objective of this study is to solicit information pertaining to 

the characteristics, inputs and outputs of finger millet production in Southwestern 

Tanzania and the overall complex of interactions that sustain its production system, with 

the aim of finding out the way of improving the crop in the future. Specific objectives of 
the study are to

1. identify and classify the diverse finger millet production systems in Southwestern 

Tanzania through farming systems approach that includes various components analysis 
and interactions among components.

2. find out socio-cultural and socio-economic backgrounds associated with the systems.

3. figure out finger millet production systems as an innovative process that has been 

developed through historical and environmental interactions.

4. clarify the role of indigenous technologies in the light of agronomic sciences through 
on-farm experiment at farmers’ field, and extract the basic strategics embedded in the 

system.



CHAPTER TWO

2.0. DESCRIPTION OF STUDY AREA
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Inhabitants of the study area arc mostly the Nyiha, Nyamwanga and Fipa. The Nyiha 

occupy the eastern part of Mbozi District, the Nyamwanga the western part on Fipa 

plateau part of the District and in part of the Rift valley. The Fipa occupy most of the

2.1. LOCATION, BOUNDARIES, NATURAL VEGETATION AND HABITATION.

This study was conducted in Southwestern Tanzania in Mbozi and Ilcjc Districts of 

Mbeya Region, and Sumbawanga and Nkasi Districts of Rukwa Region, as illustrated in 
Figures I and 2. These are important areas as far as finger millet production in Tanzania 

is concerned. The area extends from 7° —9°40’S and 30°15’ - 33°45’E from the shores of

the Corridor Region during the colonial description of 

Tanganyika and the neighbouring Zambia and Malawi - the area between Lake 
Tanganyika and Lake Nyasa and the highland areas adjoining the Western and Eastern 
Rill Valley systems of East Africa merge south to Malawi and Rhodesian highlands 

(Knight. 1974). Figures I and 2 illustrate the geographical location of Mbeya and Rukwa 
Regions and the relevant Districts where research was conducted. The area lies within an 

altitudinal range of 840 - 2750 m.a.s.l., receiving rainfall between 600 and 1500mm per 
annum. The rift valley area receives least rainfall, between 600 and 900mm only, and for 

this reason it is semi-arid. The rest of the area receives rainfall between 800 - 1500mm
per annum with highest rainfall (up to 1500mm) in the Nyiha highlands east of Mbozi 

District. There are three types of vegetation predominant in the study area. The eastern 

highland part of Mbozi District as well as Ileje District and substantial part of the Fipa 

plateau arc dominated by miombo (Brachystegia spp.) woodlands. In the Rift valley area 
on Lake Rukwa basin vegetation is Acacia woodlands and grasslands. In most of the 

central and western part of Fipaland vegetation is secondary grasslands of cultivated 

areas. Figure 3 shows the distribution and the main types of vegetation in the study area 

according to White (1983).

Lake Tanganyika to the north-western and south-eastern shores of Lake Rukwa then 

south-eastward to near the northern lip of Lake Nyasa and along most of the north-eastern 
borders of Zambia and the northern borders with Malawi. This area represents most of 

what was referred to as
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Fig. 2. Map of Mbeya and Rukwa Regions showing lleje, Mbozi, Sumbawanga

and Nkasi Districts
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2.2.1. Administrative Divisions

The District is made up of Igamba Division (6 Wards); lyula Division (4 Wards); 

Kamsamba (3 Wards); Msangano (2 Wards); Ndalambo (6 Wards) and Vwawa (5 Wards) 

The different administrative Divisions are shown in Fig. 5.

2.2. MBOZI DISTRICT.

Mbozi District is located within 8°-9°12’S and 32°7’30”-33°2’E covering half of the 

Western border of Mbeya Region and the country border with Zambia, respectively. The 

other half of the border with Zambia is in Sumbawanga District (Tanzania, 2000). The 

District has an area of 9,679 km2 of which 766,640ha. or 80% is arable land. The District 

lies in an altitudinal range of 900 - 2750m. a.s.l (URT, 1997). According to 2002 census 

(Tanzania, 2003) population of Mbozi District was 515,270. The District is comprised of 

6 Divisions with 26 Locations (wards) and 152 villages; and constitutes about 15.2% and 

24.9% of Mbeya Region’s area and population, respectively.

Lungu

Mambwe
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1). The lowland or Rift valley zone

I his lies between 840 - 1400m a.s.L and is comprised of Msangano and Kamsamba 

Divisions. It has deep, well drained volcanic soils.

2). I highland zone

Ihis is the area with altitude above 1400m a.s.L It includes Vwawa, Igamba, lyula and 

pari of Ndalambo Divisions. It characteristically has loamy and reddish soils with less 

natural ferlililv.

2.2.3. Agio-economic zones

I he District has three agro-economic zones namely the lowland zone: coffee zone and 

the Southwestern Plateau zone.

I). I .owiand zone.

I his is the same as the Rift valley zone, covering Kamsamba and Msangano Divisions.

I he area is almost Hat at an altitude of 840m.a.s.L It is an area with very low population 

density and high incidences of malaria and bilharziasis. Rainfall is unreliable and 

comparatively low', about 600-900mm. Agriculture is commonly shifting cultivation, low 

lying areas are not suitable for cultivation. Livestock keeping is considerably an 

important activity in the area. Main crops cultivated in the area arc finger millet, maize, 

sorghum, sesame and some paddy (Msangano). Near Lake Rukwa fishing is a major 

activity.

2). Coffee zone

This is the area where coffee is grown, covering the Eastern part of the District including 

Igamba, lyula and all except the Southwestern part of Vwawa Division. It is the highest, 

wettest and most densely populated part of the District; mostly hilly and steeply dissected. 

Altitude is I000-2000m.a.s.l. and receives 800mm rainfall per year in the north and up to 

1500mm in the south-east. The extreme south-east is above 2000m.asl. Soils vary from

2.2.2. Topographical Divisions/zones

The District is divided into two topographical divisions or zones



Fig. 5. Map of Mbozi district showing administrative Division boundaries.
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reddish-yellow to reddish-brown clay loams and clays in the south to very dark brown of 
clay loams (URT, 1997) and clay loams in the north. Coffee is the main cash crop; 

pyrethrum is also grown as a cash crop. Other crops cultivated include maize, linger 

millet, wheat, beans, groundnuts, cassava and sweet potatoes. Cattle, goats, sheep and 

swine are also kept.
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3). Southwestern plateau zone

This covers Ndalainbo and the western part of Vwawa Division in the south-eastern part 
of the Ufipa plateau. The zone lies between 1400-1800m.a.s.L and receives about 900- 

1000mm. rainfall per year. Dominant vegetation in the area is Brachystegia woodland. 
Soils are reddish brown sands to sandy clay loams except in depressions. Shifting 

cultivation is the common agricultural practice. Main crops are finger millet, maize,
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beans, groundnuts; also sorghum, sesame and castor. Though possession of cattle is 

common, livestock keeping activities arc less important in this zone than in especially the 

lowland zone.

2.2.5. Agriculture

According to URT (1997), Mbozi District is the granary of Mbeya Region, producing a 

substantial percentage of the total regional production of beans, maize and cassava. The 

District also produces more than 50% of coffee produced in the Region. The District’s 

annual contribution to the Regional GDP in terms of agricultural production is 30-40%. 

Agriculture employs more than 90% of the District’s population. Only a small population 

is engaged in activities other than agriculture including employees of various 

Government departments. People living in Eastern part (Igamba and lyula) and most of 

Vwawa are relatively better-off economically than in other divisions (URT, 1997).

Even though some parts of the District receive unreliable rains, average annual rainfall 

for the District is usually about 1350 - 1550mm. Rains normally start in October, ending 

in May. Rainfall and the District’s road network are major influences to agriculture. 

During the wet season 'some parts are usually completely cut off from road 

communication.

2.2.4. Ethnic groups

Most of the people of Mbozi are Nyiha (50%) and Nyamwanga (30%). The Nyiha 

occupy highland areas (Igamba, lyula, Vwawa). The Nyamwanga occupy mostly the 

lowland and plateau areas (Kamsamba, Msangano, Ndalambo). Other tribes include 

Wanda, Nyakyusa, Ndali, Lambya, Malila and Safwa. There are also a few Sukuma and 

Masai who arc immigrant pastoralists, residing in the lowland areas mostly Kamsamba. 

About 65% of the population is concentrated in Nyiha highlands (coffee growing area : 

very fertile, more rain), cultivating coffee, maize, sunflower, beans, groundnuts. 

Population distribution is influenced by land fertility and climatic conditions; with more 

people in Igamba and lyula and most except the Southwestern part of Vwawa.
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CHAPTER THREE
3.0. FARMING SYSTEMS

2. To find out socio-cultural and socio-economic conditions associated with the 
cultivation and use of the crop in the area of production.

3. To find out important production constraints that influence the crop production in the 

area (and suggest ways of tackling them).

4. To identify and underline indigenous technology strongholds found out during 
the study

3.2. DEFINITIONS AND LITERAL CLASSIFICATION

There has been tremendous effort in an attempt to obtain proper and precise definition of 

farming systems as a tool of understanding agricultural activities and disseminating 

appropriate technology to farming communities. Norman (1979) defines farming systems 

simply as the pattern of resources and resource use in a farming unit. Other workers have 
attempted to explain further the concept of farming systems as follows:-

- A unit or units engaged in agricultural production as it is integrated in social, political, 
economic and environmental context (Turner and Brush, 1987).

- Decision making and land use unit consisting of the farm household, cropping and 

livestock systems that produces crop and animal products for consumption and sale 

(Fresco, 1986)
- A unit consisting of a human group (usually a household) and resources it manages in 

its environment, involving the direct production of plant and/or animal products (Beets,

3.1. INTRODUCTION
This chapter forms the central theme of this study. It is in this chapter that the different 

types of farming systems identified during the research arc described. The chapter starts 
with a conceptual framework with definitions and classification of farming systems as 

they appear in literature; then it will brief on study methodology before embarking on the 

major task of reporting findings of the study. Specific objectives on which research 

reported in this chapter were based are:-

1. Study and description of production practices of the finger millet crop in South
Western Tanzania.
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1990)

- A population of individual farm systems that have broadly similar resource bases, 

enterprise patterns, household livelihoods and constraints, and for which similar 

development strategics and interventions would be appropriate (Dixon et al, 2001).

( The farm system in this definition is defined as the household, its resources, and the 

resource flows and interactions at this individual farm level).

- I he entire complex of development, management and allocation of resources as well as 

decisions and activities which within an operational farm unit or a combination of such 

units, results in agricultural production, and the processing and marketing (in addition, 

utilization) of the products (ICR1SAT, 1974)

- Combination of products and production factors applied by the farm household 

including all subsystems of land utilization (crops, forests, herds, hunting, gathering 

etc; Gcrdal, 1982)

Many other descriptions are available, but all have one characteristic, that they focus on 

the farm unit or the farmer and their agricultural products. We may therefore 

conveniently sum up the definitions of farming systems as “the co-ordination and 

description of individual or collective farmer activities in the physical and socio-cultural 

environment that results in the production and utilization of specific food, cash or 

recreational crops or animal products or a combination of those products”.

The farming systems approach to agricultural development strategy is a recent concept, 

farming systems research emerged in the 1970’s as a response to criticism that new 

agricultural technology was frequently irrelevant to small scale farmers (Sutherland, 

1987). It advocates that understanding of local farming systems is a pre-requisite to 

improving them; and has been a widely accepted approach to dissemination of 

agricultural innovations to farmers. Since the inception of this concept, therefore, there 

has been tremendous attempt to reline localized farming systems to as precise description 

as inherent characteristics allow. No wonder, therefore, that the typology of farming 

systems has been difficult to generalize. Norman et al (1984) has this opinion, too. 

Indeed, in any attempt to distinguish the systems, great caution must be taken relating to 

many different criteria used in literature to characterize types of farming systems. In
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Regardless of the definitions or classification Fresco (1986) distinguishes the farm­

household system; the cropping system and livestock system as important components of 

any farming system. The farm household consists of a group of people who individually 
or jointly provide the management, labour, capital, land and other inputs for the 

production of crops and livestock, and who consume at least part of the produce. The 
cropping system is a land-use unit that transforms plant material and soil nutrients into 

useful biomass. The cropping system consists of various crop systems (i.c. inter-plant 

interactions within the same crop) and plant systems (intra-plant processes for example 

relation between different organs or growth stages). The different components of the 
farming system are usually related to each other and to the environment. The interaction 

between the different components, socio-economic and physical boundaries, inputs into 

the systems and outputs (as pointed out by Fresco, 1986) are important criteria 
characterizing the farming system. Fig. 6 gives an illustration of the broad dimensions of 

an agricultural farming system.

many classifications shifting cultivation has emerged as a distinctive system (Ruthenberg, 

1979; Norman et al, 1984; Fresco, 1986; Richards, 1988: Beets. 1990) and seems to be 
the starting point of all farming systems as it is also the starting point of agriculture. 

Ruthenberg (1979) recognizes other systems as fallow systems: ley and dairy systems: 

permanent upland cultivation systems: arable irrigation farming systems; systems with 

perennial crops and grazing systems. Fresco (1986) distinguishes shifting cultivation 

from semi-sedentary and sedentary systems while Norman (1984) finds it convenient to 

regionalize the systems as tropical or temperate with various sub-classes. Beets has 

preferred a product-based classification and categorizes systems other than shilling 
cultivation as lowland rice-based systems; cereal-based systems; smallholder mixed 

farming, etc. He also identifies irrigated smallholder intercropping and/or wetland 
agriculture; and Hood plain and valley bottom cultivation. Thus there is 

terminology attempting to describe the typology of farming systems; and it is obvious 

that farming systems per se and probably the concept of farming systems arc still 

evolving.

a lol of
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Fig. 6. Conceptual model of farming systems (Modification from original 
illustration extracted from Fresco (1986).
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3.3.1. Survey

This study was conducted in various steps involving survey and experimental field and 

laboratory work. The survey was conducted in the periods June - August. 2000: 

December 2000 - July 2001 and December 2001 - April 2002. The first survey in June - 

August 2000 was mostly reconnaissance. It was conducted in the entire area of research - 

Mbozi, llejc, Sumbawanga and Nkasi Districts. During this survey basic information as 

well as some detailed information on finger millet farming systems was obtained. More 

detailed information was obtained, also from the entire area of research, during the 

December 2000 - July 2001 survey. In December 2001 - April 2002 the surxey was 

limited to Mbozi District. During this survey some specific data in addition to data 

collected previously was obtained; mostly in a village within which a field experiment 

was being conducted. The village was Kakozi. situated in Ndalambo location. Ndalambo 

Division. Few areas near this village: also some specific (distant) areas in Nyihaland, 

were also visited during this survey to obtain more information.

The overall approach to this survey was that as the first thing it involved reporting for 

consultation to the District or Regional Agricultural and Livestock Development Offices 

(DALDO/RALDO). The respective Officers were requested to provide information on 

important areas where finger millet is produced. After identification of the local 

production areas survey was carried on to the areas. Agricultural Extension Officers 

stationed in the specific areas or locations were then consulted for identification and 

guidance to farmers who were cultivating finger millet. Whenever time was available 

farmers in as many areas as possible within a locality were visited. Interviews were 

conducted with the farmers either at home or in the field depending on distance from the 

field to the homestead, whether the farmer was in the field or at home and whether the 

crop was in the field or already harvested and at home. Sampling of farmers was 

purposive depending on whether the farmer cultivated finger millet or not. Structured, 

semi-structured and unstructured questionnaires were used to solicit information from 

farmers. Information sought from farmers ranged from farming practices to personal 

farmer’s household characteristics and socio-economic parameters. Institutional and more
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During the first survey in June - August 2000 some important farmer’s indigenous 
technological aspects that were in need of more research focus were identified. 

Technological strongholds of farmers were found to be in the areas of cultivation 
methods or land preparation; crop processing or seed technology and in brewing 

technology. In this research more focus was put on cultivation methods/systems and crop 
proccssing/sccd technology. Field experiments and laboratory work were then conducted 

to validate these technologies.

TANZANIA.
Following the survey substantial data was collected on the various aspects of finger millet 
farming systems. The various data obtained enabled classification of different cultivation 

systems identified during the survey and detail on the overall interaction complex 
involving farmer parameters, cropping systems, livestock and the social and physical 

environments within which finger millet is produced.

3.4.1. Intensity of rotation.
Intensity of rotation is a term used to describe sequence of land management activities of 

a farming household. It simply means the comparative length of cycle of land utilization

socio-economic information was also sought from Regional and District Agricultural 
Development Offices, farmer co-operatives and other institutions involved in agricultural 

development in the survey areas notably the Agricultural Research Institute Uyole (ARI- 
Uyolc), the Tanganyika Farmers Association (TFA) and the Tanzania Seed Company 

(TANSEED). Other Offices from which information was sought include District’s 
Forestry (Maliasili) Department (Mbozi District); Construction (Ujcnz.i) and Land Use 

Planning; Education; and Co-operatives and Social Welfare Departments. Logistical 
considerations in terms of time availability and accessibility to farmer’s locations were 

important criteria deciding the extent of the survey. Most areas where finger millet 
production is important were visited.
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Number of years of cultivation

x 100R
Length of cycle of land utilization
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Within the context of definitions and classification finger millet farming systems in 

Southwestern Tanzania can be conveniently categorized into shifting cultivation and 

fallow systems with various degrees of rotation. The two systems overlap with each other 
and arc actually in an evolutionary process. The trend is towards more permanent 

cultivation or continuous cultivation. The systems are inherently characterized by land­

use patterns that can be categorized based on techniques of land preparation or cultivation 

systems in association with their in-built land conservation strategics. Continuous 
cultivation is also considered to be a distinctive farming system in few occasions but it is

Various workers have used different criteria for description of farming systems based on 

relationship between land utilization for cultivation and fallow period. Allan (1965), 

Ruthenberg (1971) and Sanchez (1973) have used “cultivation frequency" to distinguish 

different farming systems but without common fixed range of cultivation and fallow 

periods. The intensity of rotation, R, has alternatively been used for the same purpose, but 
with more fixed range for system classification.

The length of cycle of land utilization is the sum of the number of years of cultivation 

and years of fallow. When R < 33.3% (one third of length of cycle of land utilization is 

under cultivation, at least two thirds under fallow) the system is shifting cultivation 

farming system. When 33.3% < R < 66.7% the farming system is fallow system and 

when R > 66.7% (two thirds of length of cycle of land utilization is under cultivation, at 

most one third under fallow) the farming system is continuous (permanent) cultivation 

farming system. Multiple cropping systems belong to continuous cultivation farming 

systems. Intensity of rotation for multiple cropping is (usually) > 100%. showing that 

intensity of land use is very high (Ruthenberg, 1980).
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3.4.2. Cultivation systems

I he word "cultivation” is usually used with two meanings. The Columbia Encyclopedia 

(2000) describes cultivation as :-

1) the practice of tillage; or

2) manipulation of soil or land (land preparation); with objectives to eliminate weeds 

that compete with crops for water and nutrients or to increase soil aeration and 

infiltration of water.

The second agricultural meaning of cultivation is. according to dictionaries of English; to 

produce crops by tending them (Hawkins, 1986; Collins, 2001). In this discussion the 

word “cultivation” is used with meaning of the systems or techniques of land 

preparation. When we consider land preparation as a system, however, it is necessary to 

analyze inherent characteristics beyond physical tillage, especially considering land use 

patterns in terms of sequence of activities associated with use of the technique. For this 

reason, we propose to use the word “cultivation system” as a sub-category of cropping 

systems and soil environment manipulations in a hierarchical system of farming system 

(Fig. 6) in which intensity of rotation is taken into account. This is especially because 

previously the word cultivation system has been used in various literature to mean the 

same thing as “farming system” (Terreos et al, 1987; De-Rouvv, 1987; Hicks el al, 1989; 

Thurston, 1992). This re-orientation of concept is justifiably necessary so as not to loose 

already published information considering farming systems as cultivation systems. Even 

though, component analysis of farming systems is an extremely important consideration 

for un-biased description of farming systems based on conceptual stipulations of Fresco 

(1986). Thus, cultivation system just as a technique of land preparation acquires more 

meaning beyond technological boundaries to be considered as a management system. 

When component analysis is adhered to with technology integration, farming systems 

acquires new and permanent features, as it appears in Fig. 6. Therefore, a certain land

quite insignificant in finger millet cultivation. This discussion will first explore the 

various cultivation systems as the basic description of the farming systems; then it will 

detail on components of the farming systems and socio-economic, cultural and other 

types of interaction within and outside the farming systems.
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preparation technique may fall into different cultivation systems, if intensity of rotation is 

different among categories. In table I, the resultant fifteen cultivation systems were 
shown out of nine land preparation techniques, namely, ntemele, nkomanjila. Htuniba. ox­

ploughing I, ox-ploughing II, nkule, ridges I, ridges 11. and hand-hoc cultivation, after 

considering intensity of rotation. The different cultivation systems practiced on linger 
millet in Southwestern Tanzania have been classified as belonging to each specific 

farming system according to the intensity of rotation criterion. This is illustrated in Table 
1. The various areas where the different cultivation systems are practiced are further 

illustrated in Table 2.

(1). Preamble

There has been some considerable controversy on the use of the term "shilling 

cultivation”. Stromgaard (1989): also quoting from Christiansen (1981) and Pelzer (1988) 

recognizes shifting cultivation as any system characterized by rotation of fields rather 

than crops; by short periods of cropping, alternating with long fallow periods, by clearing 
by means of slash and burn, and by use of hoc and digging stick and only minimal use of 

the plough. Norman (1979) defines shifting cultivation as all systems of rain-fed cropping 
with annuals, biennials, or short-lived perennials in which a cropping period alternates 

with a longer rest or fallow period, during which the abandoned crop area is re-colonized 

by native herbaceous, shrub or tree species or by adventive species that find the 
ecological conditions favourable. This definition eliminates the necessity of clearing by 

means of slash and burn or the minimal use of the plough. Sanchez (1973) simply 
considers shifting cultivation as cropping systems in which the fallow period exceeds the 

crop period; quantifying this with cultivation frequency of less than 50%. Rulhcnbcrg 

(1971) considers a cultivation frequency of 30% while Allan (1965) based his definition 

on an even less frequency of only 10%. Greenland (1978) uses an even broader definition, 

considering shifting cultivation as any system under which food is produced for less than 

10 years from one area of land; after which that area is abandoned temporarily and 

another piece of land cultivated. With all these definitions agreement may be reached as 

to what would be the lines of demarcation between shifting cultivation and other systems
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of agricultural land utilization and management. In this discussion the intensity of 
rotation. R. has been adopted as the criterion for distinguishing shifting cultivation from 
other systems. There has also been attempts to make classification of operational shifting 

cultivation practices. Boscrup (1965) separates “forest fallow" systems with the rest 
periods of 20 years or more, from "bush fallow" systems with rest periods of 6-10 years 
which may be only long enough for the regeneration of herbaceous and scrub 
communities. Other workers who have attempted to make classification of shifting 
cultivation include Spencer (1966) and Morgan (1969).

In Southwestern Tanzania the slash and burn cultivation system is still being practiced at 
a low level with a lot of effort to abandon it. The Government has been insistently 

discouraging the practice as a routine agricultural technique in an attempt to argue 
farmers to practice less environment-degrading techniques. In most places therefore the 

system is practiced only as a necessity for expansion of the farmer’s cultivated field; 
when the farmer is establishing new settlement or expanding his new settlement or when 

the farmer is re-opening a Held that has been subjected to a long fallow period. It may 

also be practiced in marginal areas that can suitably be cultivated at least for a short 

period of time but arc dominated by unwanted vegetation, usually shrubs and trees of 

thorny nature.

(2). Slash and burn systems

I he slash and burn system is the most traditional method of finger millet production in 

Southwestern Tanzania which involves burning of plant debris as land preparation. Most 
of the other methods of land preparation, if not all. arc considered to evolve on the slash 

and burn practice. This is also a method that is most seriously faced with extinction as it 
is strongly associated with severe environmental degradation if it becomes the 

predominant system. Most farmers are therefore forced by circumstances to shift from 

slash and burn practices to less degrading techniques.



Table 1. Classification of farming and cultivation systems under which finger millet is produced in Southwestern

Tanzania.

Years ofVegetationCultivation systemFarming system

Millet Fallow

Shifting cultivation Slash and burn

25-40Woodland 1-3 3-5Ntemele

15 - 301-3 3-5WoodlandNkomanjila

10- 15Long fallow (Woodland) Ntumba Woodland 1-3 3-5

Long fallow ox-ploughing

Ox-ploughing long fallow I 10-15Woodland 1-2 3-5

Ox-ploughing long fallow II Woodland 1-2 3-5 10- 15

Short cultivation period systems

Nkule (un-re-cultivated) Grassland 1 0 4-5

Nkule (re-cultivated) Grassland 5-101 1 -4

Fallow system Ox-ploughing short fallow I Grassland 1-2 3-4 2-6

Ox-ploughing short fallow II Grassland 1 2-4 2-6

Grassland Ntumba Grassland 1-2 3-53-5

Ridges I Grassland 2-4 2-61

Ridges II Grassland 1 2-4 2-6

Continuous cultivation Ox-ploughing Rotational fallow Grassland 1-21 2-5

1-2Grassland 1 2-5

Grassland 1-22-51

Classification based on intensity of rotation, R.

I = Cultivated fallow

cultivation or fallow.
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Ridges rotational fallow
Rotational hand hand-hoe 
cultivation

Years of 
cultivation

Other
crops

II = Uncultivated 
fallow

R calculated from upper or lower limits (not combination) of the time periods under



Table 2. Finger millet cultivation systems and the various locations where they are practiced

   
Cultivation techniquesDistrict Division Location

Mbozi Igamba

Nambinzo 10

Ndalambo Ndalambo 59

14

Kamsamba Kamsamba 7

Vwawa

Iteje

Sumbawanga 8Matai

KateNkasi Kate

43TOTAL

25

Igamba
Itaka

Kapele ___
Myunga, Mfuto,_ 

Msangano, Ntmga

Mkowe
Sopa
Msanzi

Ivuna
Nyimbili

2
3

4

2
3

Mkowe
Mtuntumbe
Katuka

Mpiu
Laela

Ndalambo, Kakozi, 
Chitete. Chipumpu,
Chisitu

Ishenta 
Sange, Lusalala,

Nguruguru______
Mgaya _____

Mbuza, Ntalamila

Ndola
Sange

Nguruguru
Ikmga
Matai

Mpui

Laela

4
5
1

177

5
2

 2
4

5

3
1

Nkule ______
Ox-plough kuvundika, Ridges 
kuvundika, Rotational ridges, 
Ox-plough rotational fallow, 

  Hand-hoe sesa, Nkomanjila
Nambinzo, Utambalilo Nkomanjila. Ridges 

kuvundika, Rotational ridges. 
 Ox-plough kuvundika 

Ox-plough kuvundika, 
Ntumba, Nkule, Ridges 
kuvundika, Ox-plough uncultivated 

 fallow (Nsindeujale)_
Chiwanda. Nkangamo Ridges kuvundika_______________

Chapwa Ox-plough kuvundika

Ox-plough kuvundika 
Ox-plough kuvundika, Nsindeulale, 

Nkomanjila, Ox-plough rotational 
fallow, Nsindeulale

Kamsamba, Mnkonko, Nkomanjila, Ox-plough 
 Mpapa, Msoche rotational fallow

Ivuna, Mkomba Nkomanjjla
Nyimbili Ox-plough kuvundika

  Ox-plough rotational fallow 

Slash and burn_________________
Slash and burn 

Slash and burn_________________
Slash and burn 

Ox-ploughing kuvundika
 Ntumba

 Ox-pIough kuvundika, Ntumba
Ox-plough kuvundika____________
Ox-ploughing kuvundika
Ox-plough rotational fallow_______

Ox-plough kuvundika, Ntumba 
Ox-plough kuvundika____________
Ntumba_______________________

Ox-plough kuvundika____________
Ox-plough kuvundika____________
Ox-plough kuvundika

Kapewa
Laela
Mkutano

Kipande 
Milundikwa
Swaila

3
3

2
4

Mkwamba
24

Nkangamo 

Tunduma 
[Kapele 
^yunga

Msangano Msangano

Bulambia
Bundali

Chala
___ 12_______________ ________________

Agricultural Extension Officers
Mbozi District Agricultural Development Office, Zclezela, Itaka, Bara, Nyimbili, Msangano, Kamsamba,
Ndalambo, Ndalambo ADI’ (Mbozi District); llcjc District Agricultural Development Office, Sange (Ileje District); 
Rukwa Region Agricultural Development Office, Sumbawanga District Agricultural Development Office, Matai, Mpui, 
Katuka, Laela (Sumbawanga and Nkasi Districts).

No of farmers Villages 
interviewed surveyed

3 Zelezeta _____
17 Itaka, Bara, Ikonya,

Maninga
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in Southwestern

ntemele and

The ntemele system involves cutting trees then collecting the vegetative materials 

uniformly towards the inside of the field and burning them. Characteristically in the 

ntemele field only the inner areas are burnt. All vegetative materials in the area towards 

the field boundaries arc moved to the inner area of the field. The ntemele system is 

similar to the types of slash and burn practices collectively known as citemene in 

Northern Zambia (Kakeya and Sugiyama, 1985; Stromgaard, 1989; Araki, 1993). In 

thentemele system, however, the un-burnt outer area is much less than in citemene (or 

chitemene) and is not necessarily a circle. Another difference is that in ntemele the wood 

that is been moved to the inner area is of trees and shrubs that have been cut down 

completely. In citemene usually not all trees in the outer area are cut, some trees are just 

pruned with only the branches collected to the inner circle, leaving the trees to sprout 
immediately afterwards.

There are various types of slash and burn cultivation systems practiced 
Tanzania. In Mbozi District two types are common, locally known as 
nkomanjila. Nkomanjila is probably the most primitive form of slash and burn cultivation 
in the area and most widely practiced among slash and burn farmers. It involves cutting 

of tree vegetation then either collecting the vegetative materials in scattered piles then 
burning or just burning the cut vegetation randomly w ithout any attempt to put them in 

piles. In this way nkomanjila necessarily results in patchy or partial burning pattern in the 

field with localized burnt areas with ash and un-burnt areas in-between w ithout ash. More 

illustration of the ntemele and nkomanjila slash and burn systems of cultivation is shown 

in Plates 1 and 2, respectively.

Because practicing large scale ntemele and nkomanjila are both prohibited by 

Government law and also environmental degrading, many farmers practice in woodlands 

what is know'n as iikuka system among the Nyamwanga. In this system, which is not 

actually a strictly slash and burn system, trees are cut and piled under trees or stumps that 

are difficult to remove from the field, then burnt there. This usually happens in fields that 

have been cultivated with ox-plough or nlumba mounds.

The slash and burn practices have been considered as the basic expressions of shifting
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In llejc District there are other systems of slash and burn locally known as amakuka', 
amatema and mhonde systems. The mbonde and amatema systems imply random burning 

and can be linked to the nkomanjila system. The only difference is that the amatema 
system is practiced where the vegetation is more woody - forest tree vegetation, while 
the mhonde system is practiced where vegetation is mostly shrubs, perennial and semi­
perennial herbs and grasses. During burning the amatema the field borders arc slashed 

and all dry vegetative materials removed from the borders so that the forest would not 
catch tire. The Held is then burnt. The amakuka system is different. It involves arranging 

the dry vegetative materials in the field after slashing, sometimes in round heaps spread 

over the field, sometimes in parallel lines across the slope in the field, then burning the 

heaps, fhc space between the heaps is cultivated with hand-hoe, and some soil may be 

put on top of the heaps especially at the margins, so that during burning the soil on top of 

the heaps is also burnt. In the slopes of Bulambia, sometimes cultivation precedes cutting 
oflrees for amakuka burning, 'fhc land beneath the usually low-growing long fallow trees 

is tilled during the rainy season in February/March leaving all trees un-severed. Plenty of 
leaves that fall to the cultivated ground during the rainy season will be stimulated by the 

cultivated soil condition to decompose much more effectively. Trees are then cut at the 

end of the rainy season in July/August, collected and usually arranged in parallel heaps 

across the slope and burnt in October/Novcmbcr. In virgin land especially in Bundali 

Division usually the amatema system is practiced while the mbonde system predominates 

in cultivated or short fallow land. The amakuka system is mostly practiced in long fallow 

fields that have been previously cultivated. In general when slash and burn is random the 

systems can be considered as nkomanjila variants and when burning is uniform with

cultivation, they are nowadays however not reflecting the simple shifting cultivation. 

Since the Government instituted the villagization programme in early 1970s most farmers 
who were living in scattered dwellings practicing shifting cultivation arc now 
permanently residing in village settlements with more sedentary agricultural activities. 

According to I AO (1978) classification, shifting cultivation activities in Southwestern 
fanzania can suitably be located at recurrent phase and well in place towards recurrent 
and continuous cultivation.
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It has been a tradition of farmers to always plant finger millet after slashing and burning, 
wherever virgin or long fallow land is opened for agriculture. Finger millet is particularly 

responsive to slash and burn practice with very high yields on ash or burnt soil, but it also 

grows very poorly on in-fertile soil especially when it has been under previous cultivation.

Plate 1. Ntemele slash and burn system of cultivation. 
Wood arranged uniformly prior to burning.

Farmers usually need finger millet very much; in the past as a staple food; nowadays as a 
cash crop; and it is only feasible for them to plant the crop 6n land that has just been 

opened (in the same or not more than the previous season) because they have no other 
means of soil fertility assurance. Thus slash and burn and similar systems that to a large
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extent ensure linger millet been grown as an opening crop in newly cultivated land have 

been crucial in maintaining the traditional crop production. The advantages of ash 

fertilization for Unger millet have been analyzed in relation to inherent soil characteristics 

and the results arc presented in chapter four.

Plate 2. Slash and burn nkomanjila system of cultivation 
prior to (random) burning

■r
wr

A J
• •

• X*’

(3). Long fallow tillage systems i

Another category of shifting cultivation arc usually bush fallow systems that prepare the 

land for finger millet production in ways other than slash and burn. These include the
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In Nyamwangaland the ntumba fields are usually fields that have been on fallow for 

about 10-15 years. During this period any previous Miombo woodland vegetation 

regenerates but the trees do not become very dense, they arc low growing and very 

flexible and the roots arc not big and widely distributed, thus cultivation is easy and 

convenient without first cutting the trees. Thus the ntumba are made while most of the 

trees and shrubs are intact in the field. Few trees may be cut before cultivation if 

vegetation is dense. Most of the trees arc cut later on during the dry season and burnt in 

iikuka system.

(i). The ntumba system

This is usually a bush and grass fallow system originating from the Fipa people of 

Sumbawanga but now mostly cultivated by the Nyamwanga that reside in the Ufipa 

Plateau of Mbozi District. The system is believed to have been adopted as an adaptive 

strategy after slash and burn systems had depleted much of the larger tree woodland 

vegetation. In Northern Zambia among the Mambwe people the ntumba system can also 

be conveniently referred to as fundikila system (Stromgaard. 1989) and is practiced 

mostly on grassland vegetation, hence also known as the compost mounds system. I’hc 

same view is true for mound cultivators in Ufipa (Rukwa Region) nowadays. In 

Nyamwangaland the system is still been observed and maintained to some extern on 

woodland vegetation especially as a bush fallow system. Here the ntumba fields are 

dominated by low' growing tree vegetation of various density. Sometimes the trees may 

be quite scattered but appearance of at least a high population of shrubs is common. 

Grass and herbs that have grown in-betw'een trees or shrubs serve the same purpose of 

providing raw' materials for compost. It is therefore a “woodland ntumba" system.

The ntumba system involves a characteristic style of cultivating with turning the plow 

and heaping the soil in round conical hills that appear as mounds. During heaping all 

organic materials including grass sheddings and leaves of trees and shrubs are buried into 

the soil because the plow is turned upside down. Usually in the field there would be some
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Usually the ntuniba are made during the rainy season preceding the planting season, 

mostly in the period from March to early June. During this lime the soil is soli and the 

farmer can maneuver the plow easily to turn it perfectly upside-down. The mound is 

made almost perfectly round on top and on the sides and this is enhanced by earthing up 

the sides with soil on the ground surface between adjacent mounds. The size of the 

mound varies from roughly 50-120cm diameter and 30-50cm height. Space between 

mounds can vary from 30 40 or 50cm depending on size of the mound. An illustration of 

the ntuniba mounds can be observed in Plate 3. Prior to planting linger millet in 

Dccember/January the mounds are usually broken and the field leveled by spreading the 

heaped soil evenly on the low spaces previously in-between adjacent mounds. Thus the 

ntuniba are broken in Novembcr/Deccmber after the field has stayed in cultivated 

condition for 5 -9 months or more. During this period any buried organic material 

decomposes and soil structure improves. A line tilth appropriate for linger millet sowing 

is then obtained after breaking the ntuniba and leveling the field.

scattered low growing trees. Most of these are usually not cut prior to cultivation. The 

ntuniba are just made leaving the trees intact while scrapping the plow soil around the 

trunk of the trees so that the Held is not left with uncultivated patches. The trees arc cut 

down later and burnt before breaking the ntuniba.

(ii). The long fallow ox-ploughing system

As slash and burn practice was been replaced by less extensive systems notably the 

mound system, farmers still found it difficult to utilize their land resource effectively. 

Cultivating the mounds is very laborious and weeding becomes a necessity and much 

more difficult than in slash and burn system. While cultivating the mounds was found to 

be laborious, farmers were to expand their land area effectively sown with crops more 

than it was necessary under the slash and burn system, because yields were low. It was 

found interesting therefore to use ox-ploughs to reduce labour intensity and be able to 

expand land under crops.
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began to abandon mound cultivation and shifted to ox-ploughing. This new system 

spread to Nyamwangaland, and now is being practiced even in woodlands.

Plate 3. Ntumba system of cultivation. Top : Mounds 
Centre : In woodland Bottom : In grassland.



burnt.
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Thus the aim of the cultivated fallow practice is not only to increase soil fertility; it is 

also a labour saving strategy that utilizes available manpower during the slack period

hi Nyamwangaland the area where ox-ploughing is practiced is the same area where the 
ntumha system is practiced. Under long fallow ox-plough cultivation, usually in shrub- 
Land or low-growing, often scattered trees just like in ntumha system; the ox-plough 
ispulled in-between trees or shrubs or tree and shrub stumps during the rainy season, 
turning the plow for coverage of any organic matter in the soil and opening the furrow for 
more infiltration and retention of rainwater. Trees or shrubs arc then cut later on and

b). Un-cultivated fallow (Nsindeulale) system
Nsindeulale involves ox-ploughing the long-fallow field during the actual planting season 
(usually in the period between November and late January) then sowing immediately 

afterwards. The word nsindeulale in Nyamwanga language is a description of the field 

condition meaning fallow (ulale) virgin land (nsinde). It simply means land that has been 
conserved lor long enough time that its fertility allows cultivation without composting or 

the cultivated fallow period (kuvundika). Though the word nsinde does not strictly mean 
“virgin land”, it refers to land that has not been previously cultivated for a long time.

a). Cultivated fallow system
In Nyamwangaland there are two types of long fallow ox-plough tillage systems:- 

kuvundika (“cultivated fallow”) system and nsindeulale. In the “cultivated fallow” or 
kuvundika system the field is ploughed during the rainy season of the preceding crop but 
it is not planted with anything. It is left in the cultivated condition until the next season 
when it is re-cultivated and planted. This cultivated condition is what is refered to as 

"cultivated fallow” in this discussion: or locally "kuvundika'' or “kulukulua”. When the 
field is re-cultivated for planting that is kuvundulua. In Nyamwangaland the first 

cultivation {kuvundika') is usually in the period March-May. Kuvundulua is in November 
or December just prior to sowing. Plate 4 shows some cultivated fallow ox-ploughed 

fields.



Plate 4. Ox-ploughed long fallow cultivated fallow field.
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usually after weeding the crop already in the season’s fields (maize, millet, etc) taking 

advantage of ease of cultivation during the rains while destroying most weeds that would 

be difficult to remove if the field is cultivated and sown immediately. Thus nxindeulale 
fields are much more difficult to weed than "cultivated fallow” fields and are considered
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to be less fertile because they do not allow adequate decomposition and formation of 
good soil structure before sowing. Performance of seeds or seedlings in the nsindeulale 
system is usually also bad probably because of “burning effect” of decomposing green 
vegetation soon after sowing or due to pathological micro-organisms with decomposing 

organic matter in the soil. Subsequently plant stand in nsindeulale fields is usually less 
than in cultivated fallow or slash and burn fields, unless intcrplant competition masks this 
observation.

(4). Mku/e system
This is a grassland fallow shifting cultivation system that is practiced almost exclusively 
in Mbozi District. It is a “cultivate and burn” system nowadays usually practiced in 

shallow valley grasslands known as mbuga.

The system involves cultivating the soil and later on burning to ashes grasses piled up 

within the cultivated soil when the grass is dry. In so doing both the grass and soil are 
perfectly burnt before the resulting soil and ash mixture are spread for finger millet 

planting. Usually the grass in the mbuga area form a dense, low growing cover on the soil. 
Their roots are also very dense, tightly interwoven in the soil such that upon cultivation 
clods become very stable and also very resistant to breakage. Because of the density of 
roots when fire is set, the soil clods burn perfectly with both the roots and the above- 

ground shoots burning to ashes. The burning proceeds slowly and all plant material 
particles and the surrounding soil are heated to remain with ash only on the burnt spot. 

Prior to sowing finger millet the burnt soil/ash mixture is spread evenly in the field by 
breaking the piles of burnt material. Cultivation of the nkule field usually starts in 

June/July after rains have ceased. After cultivation the grass and soil clods are left to dry 

completely, then the soil clods are collected and piled up up-side down to form mounds 

of up to 1.0 m in diameter and about 0.5m high. The piles are arranged so as to cover the 
whole field to ensure adequate distribution of ash all over the field after burning. The 

burning process normally takes several days, usually about two to three days. Once fire 
has been set, burning proceeds slowly from within the mound because of the grass and 

roots covered in the mound. The burning seems to be slightly anaerobic with a lot of
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The nkule system can be considered as “short cultivation period system” because it 

involves cultivation usually only for one year and rarely the field is re-cultivated after 

harvesting the nkule system crop. When un-re-cultivated the cultivation period in nkule 
system is only one year with fallow period of four to five years. When re-cultivated (with 

other crops) the cropping period may be up to four years after which fallow period of five 

up to ten years is necessary.

The nkule system is also referred to as the ihomhe system in some places. The nkule or 

ihomhe system is usually very productive among indigenous finger millet production 

systems in Southwestern Tanzania, according to farmers, comparable only to ntemele 

slash and burn system.

black smoke coming out from within the mound. When all plant materials have been 

burnt the fire in the mound becomes off by itself. Usually, during burning, soil is carthed- 

up from the sides of the mound so that burning becomes slow and the slightly incomplete 

burning (anaerobic condition) is retained. Plates 5, 6 and 7 illustrate the nkule system ol 

cultivation.

The burning of the nkule mounds also eliminates the problem of weeds. In the wet 

shallow valley fields no other method of cultivation would manage to suppress the w eeds 
other than the nkule burning method. Weeds in these areas are usually very dense with 

dense roots and underground stolons such that they form an interwoven soil mat with 
very little soil mass in the soil clod upon cultivation. Breaking these clods by harrowing 

after cultivation cannot remove all the stolons and other growing structures and very little 

soil is obtained by trying to break them. Under the indigenous conditions, burning is the 
only effective way of getting rid of the w'eeds. In the burning process not only the 

vegetative w'eed propagation structures are eliminated but also all weed seeds. The nkule 

fields therefore become free from the severe weed problem that would be prevalent 

without burning. Burning also seems to eliminate soil-borne pathogens that would later 
on influence the crop.
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Plate 5. Nkule system of cultivation, 'fop : Cultivating the nkule Held. 
Centre : Nkule mounds. Bottom : Nkule mounds after burning.
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Plate 6. Burning of nkulc mounds, 
fop : Already burnt and burning mounds. 

Centre and bottom : Earthing up during burning.

(5). Finger millet shifting cultivation in Southwestern Tanzania.

The shifting cultivation practices of finger millet described here can be found mostly in 
Mbozi and llcjc Districts; very rarely in Sumbawanga and Nkasi Districts (Rukwa 

Region). Only a few farmers in Rukwa are practicing the long fallow ox-ploughing 

system for finger millet production. Most farmers in the areas surveyed practice the short­

term fallow (ox-ploughing) system that will be explained in next section.

Plate 7. Burnt nkule field.
Top : Individual mounds perfectly burntCentre :
Partially burnt field
Bottom : Talc-like soil from within nkule mound 
exposed
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Sometimes when it happens that the farmer is opening a virgin or long fallow field (that 

will subsequently be used as a short fallow rotation field), he needs to slash the field and 

cut any trees and shrubs before any cultivation activity. The tree felling and slashing they 

do in January/Fcbruary so as to cultivate in February/March. The field may then be left in 

the cultivated fallow condition until Octobcr/Novetnber or planted with beans in

These are semi-permanent cultivation systems that allow resting the field under use Tor 

short periods of time prior to resumption of finger millet cultivation in the area. These are 

especially practiced in Rukwa Region where much of finger millet is cultivated on 

grassland vegetation: less so in other areas (Mbozi and lleje). Fallow systems for finger 

millet production include mainly the short fallow ox-ploughing (Rukwa) and the ridge 

system (Mbozi).

(I). Short fallow ox-ploughing

a) Cultivated fallow

This accounts for almost all finger millet cultivation in Rukwa Region but rarely 

practiced in other areas surveyed. The system involves ox-ploughing the field in a 

cultivated fallow fashion then planting finger millet as an opening crop. Such a field 

where finger millet is to be planted is usually a field that has been under fallow for at 

least a few years to acquire at least a well established grass vegetation. In Sumbawanga 

and Nkasi Districts the field would usually be cultivated in February or March; some 

farmers may cultivate as early as in January. Nothing is planted after this cultivation. The 

field is then re-cultivated in November or December just before planting, or as early as in 

September or October then in November or December. Some farmers repeat cultivation 

as early as in April or May, then in October/Novcmber and lastly in December just at the 

time of planting. The number of repeated cultivation after the first cultivation is not 

restricted, it is more or less dependent on manpower availability and to a less extent the 

condition of weed growth in the field. Farmers in Rukwa Region attach a great value to 

the cultivated fallow practice as a way of improving soil fertility, moisture retention and 

soil conservation; and weed control.
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After the cultivated fallow period and re-cultivation, finger millet is usually planted in 

Dcccmbcr/January, sometimes up to February especially in Rukwa Region. I he crop is 

usually harvested in June and July, latest in August. After the finger millet crop, die field 

can conveniently be planted with a different crop in the following year: most usually 

maize or beans. Finger millet can be planted for the second time in the same field: rarely 
more than twice. Alter Unger millet the field will usually be under rotations with maize 

and beans, sometimes also wheat, groundnuts and sunflower for three or four years: then 
the field will be put under fallow for two or more years if longer fallow is convenient. 

Farmers in Rukwa Region say that the best fallow period is about 5-6 years but 
availability of adequate land does not usually allow this.

b) Un-cultivated fallow system
Few farmers do not cultivate so early before the actual planting season. They usually 

cultivate in October/Novcmbcr or December and rc-cultivate in late November or 
December/January just prior to planting. This is uncultivated fallow practice and is quite

The ox-ploughing technique on finger millet seems to have been diffusing from 

Sumbawanga to Mbozi District. While almost all farmers in Sumbawawanga seem to be 

practicing ox-ploughing, in Mbozi District it seems to decline as you move further from 

Sumbawanga to the Tunduma - Mbeya highway. The system seems to be practiced more 
from Ndalambo village towards Mkutano at the border with Sumbawanga. Just as you 

enter Kakozi village from Ndalambo towards Nkangamo and Tunduma very few farmers 

residing in the wood and shrubland ever practice ox-ploughing. The Nyamwanga of the 

Ufipa plateau arc usually not livestock keepers. Farmers in the area say that traditionally 

the Nyamwanga do not even use or value use of milk from cattle as food so animal 

keeping to them was a remote activity. Use of ox-ploughs for cultivation is however 
becoming an incentive for livestock keeping for some farmers. Still there is, however, 

some objection concerning use of ox-ploughs; farmers in Kakozi village say that ox-
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(2). Grassland ntumha system.

This is Hlumha system practiced in grassland vegetation , as described above. It is rare 

except in Rukwa Region where it is practiced to a very rare extent.

(3). Ridge system (cultivated fallow)

I his is another important system of linger millet cultivation practiced mostly in Mbozi 

District. I lie system is essentially a ’’cultivated fallow" system involving making ridges 
during the rainy season of the preceding crop then leaving them in the cultivated 

condition without planting anything until the next season when they arc broken, the soil 
leveled and linger millet planted. The ridges are usually made in March or April; latest 

May or .lune; when it is still raining, the soil is soft and easy to cultivate and grasses in 
the Held are succulent, dense and at their best vegetative growth condition. March is the 

best period for making the ridges because at this time most weed seeds that were on the 

ground have germinated, contributing to the eventual total biomass; most plants are still 

at vegetative phase thus not shedding a lot of weed seed to the soil; and total biomass is 

likely to be at its maximum because it is almost at the mid of the rainy season. It also 

allows more time for completion of decomposition of organic matter that is buried in the 

soil during ridge making. Prior to making of the ridges usually all the grass in the Geld is 

slashed and raked into lines along which ridges are to be made. Soil is then lifted with 
hand-hoc in the area in-between the slashed grass lines, turning the plow upside-down 

onto the grass lines and repeatedly so until the ridges are lifted high above the general 

soil level, as it appears in Plate 8.

ploughs make the soil compact, reducing infiltration of water and encouraging 
accumulation of surface pools of water or serious run-off erosion. They therefore prefer 
cultivating their Helds in ridges. The ridge system is said to have been introduced to 

Nyamwangaland by immigrants from lleje (the Ndali) just recently but it has received a 
very wide acceptance.

The ridges are usually about 75cm -Im wide and 30cm - 50cm high and they are 

cultivated such that the lower plow level soil (subsoil) is on top of the ridges and the



Plate 8. Ridge system of cultivation. Cultivated fallow ridges.
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surface (top) soil deeper within the ridge. Because the surface soil is already with 
decomposing organic matter this serves as a source of innoculum for fast decomposition 

of the fresh vegetative materials covered in the ridges. Farmers rely very much on this 

cultivated fallow practice as a way of improving and maintaining soil fertility. They 

therefore strive very much to utilize any little time available during the growing season of 
the crop as investment for soil fertility assurance for the next season crop, though it also 

economizes labour.

_____ '

-V<-
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(4). Uncultivated fallow ridges
Sometimes ridges are made immediately prior to sowing during the first rains usually in 
November. This is an emergency land preparation practice made necessary only by 

shortage of labour for cultivated fallow tillage. The ridges may be made as late as in early 

December then as usual broken in late December or early January for sowing. In this 

discussion this system can be conveniently referred to as “uncultivated fallow” ridge 

system and it can be likened to nsindeulale. One important characteristic of this system is 

that the field must have been in fallow for at least a few years prior to this cultivation.

Usually the ridges made under cultivated fallow system arc broken in late December just 

prior to sowing. Breaking the ridges is normally a very easy exercise. The soil is usually 
very soft and friable and when leveled it offers a very fine and suitable structure for 

finger millet sowing.

C : CONTINUOUS CULTIVATION SYSTEMS
(1). Ox-ploughing Rotational fallow system.

This is cultivation using ox-ploughs under rotational fallow systems. It is practiced to a 

very limited extent especially in Nyihaland and in Rukwa Region. It is usually an 

intensive system where chemical fertilizers arc used to compliment the need for soil 
fertility replenishment through fallow. The field previously cultivated with other crops or 

under very short fallow of usually one year is ox-ploughed just prior to the planting

The ridge system is very flexible. It can be practiced on comparatively long fallow or 

short fallow land. It is especially adapted to sloppy areas where it also serves as a way of 
reducing run-off losses: but it has also been found convenient in level (or fiat) areas as a 
way of improving drainage. I'ingcr millet is however never (in Mbozi District) sown on 

ridges (without breaking them) and therefore rarely found on low-lying, poor drainage 
areas except under the nkule (ihombe) system. The ridge system is also not as adapted to 

very woody areas as the ntumba system because ridges arc necessarily long and frequent 
obstruction by trees or shrubs along the ridges would make it very difficult to make the 

ridges: whereas nlumha mounds can very easily be made in-between and around trees.
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Plate 9. Ox-ploughing in rotational fallow fields.
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period and sown with finger millet. Plate 9 illustrates 

fallow system of cultivation.

more the ox-ploughing rotational
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(3). Rotational hand-hoe systems
Another finger millet cultivation system practiced in a very limited extent is cultivation 

with hand-hoe (Plate 10) in rotational crop fields. This is another system where chemical 

fertilizers are used, just like in ox-ploughing rotational fallow system. With the use of 

chemical fertilizers finger millet can be rotated with any arable crop in any sequence 

without problems. It is not a very common system, but practiced invariably in Mbozi 

District especially in the highly populated Nyiha highlands including areas of lyula, 

Nyimbili, Igamba, Msia and Itaka.

(2). Rotational Ridge system

This is a system practiced mostly in the Nyiha highlands, involving rotation on ridges of 
finger millet usually with beans, groundnuts or sweet potatoes. Usually the alternate 
crops are grown on ridges. After harvesting, usually in February, March, June or July for 

beans. April or May for groundnuts and any time for sweet potatoes depending on when 
the crop was planted, the ridges are broken and the soil leveled for finger millet planting. 

When finger millet is harvested the field continues to be planted with other crops maize 
and sun Hower inclusive. Fallowing is not considered important in these fields. The field 

may be rested for one or two seasons but most of the time it is under cultivation. Such

fields are usually near household dwellings and are normally small in acreage. They can 

conveniently be pul under continuous or semi-permanent cultivation without problems 
because they arc just additional sources of food for the family. Major sources of food 

especially maize are usually fields outside the home dwellings. Once re-grown with 
beans, groundnuts or sweet potatoes finger millet may be planted after those crops. Most 

frequently the finger millet grown under this system is early maturing variety for use in 

home brewing, sometimes as an early source of food in times of hunger or threat of 

hunger, Fatly maturing finger millet is usually harvested in March while maize 
harvesting starts in June. If the previous season crop was not adequate to last until the 

next crop harvest an early harvest of finger millet will serve as the food source until 

maize is harvested.



Fl.

I

E_i
Plate 10. Hand-hoe sesa system of cultivation.
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characteristic of the continuous cultivation systems. In other systems Unger millet 

cultivation usually retains the traditional practice of been grown only on fallow (or 

virgin) land as an opening crop.

Figure 7 summarizes further the extent of use of the different cultivation systems in the 
study area. As it can be seen ox-ploughing in short fallow cultivated fallow practices was 

the predominant system in Rukwa Region where the only other cultivation technique that 
did not involve ox-ploughing was the ntumba system. In Nyamwangaland the ntumba, 

nkule and ridge systems were the major cultivation systems while in Nyihaland the ridge 

system and ox-ploughing long fallow cultivated fallow systems predominated. There was 

no slash and burn cultivation practice encountered in Rukwa Region. Thus the great
• ' I

diversity of cultivation systems in Mbozi District is associated with adoption of ntumba 
system from Fipaland, the nkule system from Nyihaland to Nyamwangaland; and the 

ridge system and ox-ploughing from various other people.

Table 3 shows percentage distribution of the different cultivation systems in the study­

area. As it can be seen ox-ploughing predominated in both Mbozi District and Rukwa 
Region. In Ilejc District the only system that was found during the survey was the slash 
and burn system.



System
Rukwa1Mbozi*

1 2

Slash and burn 100 01 1.3 8.5

Ntumba 0 10.81 1.3 14.0
0Nkule 10.3 24.8 0

2.727.8 20.9 0

10.1 0 013.4

64.9000

0 8.13.95.2
0 026.44.1
0 00.81.0

13.501 1.3 8.5
001.62.1

01.6 02.1

1 Sumbawanga and Nkasi Districts*
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Table 3. Percentage variation in linger millet cultivation methods in Mbozi and Ilcjc 
Districts and in Rukwa Region.

Ox-ploughing long fallow system
Cultivated fallow
I ’neuhivated fallow (Nsmdeulale') 
fallow system

Ox-ploughing cultivated fallow 
Uncultivated fallow (ox-plough) 

Ridges cultivated fallow 
Uncultivated fallow ridges 

Continuous cultivation

Ox-ploughing (Maksai) system
Rotational fallow ridges

I land-hoc sesa

1 Excluding Kakozi village 2002

2 Including Kakozi village 2002

Percentages
Ileje
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Fig. 7. Extent of use of different finger millet production cultivation systems in
Southwestern Tanzania.

3.4.3. Crop management and farm activities

In all areas of production in Southwestern Tanzania, finger millet is usually sown in late
December up to mid-January. Few farmers can plant up to February but late grown crops

do not usually perform well. The best sowing time is usually during Christmas time and

for good crop performance Mid-January should be latest. Under the nkule system,

however, the best sowing lime is in November at the onset of the first rains. This is.
necessary to avoid high water table before the crop has grown significantly. In the nkule

system high water table builds up very quickly as it continues to rain after the onset of
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rains. The soil becomes saturated with water and under such conditions if the field has 
just been sown the seed will not germinate. Young seedlings will also not grow properly 
under water-logged conditions. It is necessary that high water table builds up when plants 
in the nkule Held arc about one or two months old; this will enable them overcome poor 
drainage conditions.

The nkule mounds are usually broken and soil spread at the same time of planting. When 

the mounds have been broken and the soil evenly spread finger millet seed is broadcast 
then covering by branches or animal trampling just like in other systems. Breaking of 

ntumba mounds and planting processes follow the same procedures as with the nkule 

mounds.

Seed for sowing finger millet fields is usually farm-saved seed from the previous crop. 

There is no official or commercial varieties of finger millet grown in Tanzania; farmers

At the time of planting finger millet the field must have been prepared as properly as 
possible. In slash and burn system this is made possible by some light cultivation 
immediately before sowing in nkomanjila or similar system fields, or just after 

broadcasting the seed in ntemele fields. It is necessary that there is fine soil to lightly 
cover the seed after broadcasting. Thus in nkomanjila or other slash and burn systems 

where the field has been tilled before sowing, it is necessary to plan a way of covering the 

seed after sowing. Usually some farmers allow animals, cattle in particular where 
livestock keeping is common, to trample on the field after broadcasting the seed. This is 

know n to provide adequate covering of the sown seed. Alternatively after broadcasting 
the seed large branches of a tree are pulled on the surface of the soil in all directions as if 

sweeping. This provides adequate covering of the seeds, preventing their exposure to bird 
damage and drying up as they germinate. In the cultivated fallow system the re­

cultivation or kuvundulua usually serves as the final preparation of the field for planting. 

After broadcasting the seed covering is effected in the same way as in nkomanjila or 
other slash and burn systems utilizing tree branches or oxen. The same is applicable for 

other systems.
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Broadcasting of finger millet seeds usually needs some experienced expertise. Plant 
population in the field is a very crucial factor determining subsequent crop growth 

performance. Very high plant population leads to stunted growth and poor crop 

performance with very small panicles, very tedious to harvest and eventually very low 

yields. Low plant population may lead to excessively vigorous plants, unproductive 

tillering and late maturing, few plants per unit area; also leading to lower than optimal 

yields. It is only proper expertise in broadcasting that ensures good subsequent crop stand 

in the field. There are farmers who are experienced in sowing and can make sure that the 

broadcast seed does not fall into the ground in clusters but as individually as possible and 

at intervals not much less than or more than about 10cm apart.

use their own local varieties and they can make planting choice according to their 

experience of the varieties. There arc usually two categories of varieties known to 

farmers early maturing varieties (Katila or Inyego) and late maturing varieties. I he late 
maturity group consists of a great number of varieties. A list of variety names 

encountered during the survey is provided in appendix 1.

With good soil moisture germination of finger millet seeds usually occurs within a few 

days. In 14 days after sowing some seedlings have started to produce tillers. Under poor 

soil conditions, however, some seedlings will still be emerging from the soil up to as late 

as 14 days. In one month period a finger millet field will be beautifully full of green and 
flourishing finger millet crop. Weeding of finger millet may start promptly as the crop 

establishes in the field and weeds are perceived to influence the crop growth. Normal 
weeding is usually about two months after sowing though it may be as early as about 45 

days or even one month after sowing depending on the weed problem. Weeding only 

once may be adequate in some places. The necessity of weeding twice is common in 

many places for an adequately clean field at the time of harvesting. In some places, 
especially in Kamsamba valley, the weed problem is very serious and weeding three 

times is necessary. Ntemele and nkule fields are usually very clean and there may be no 

necessity of weeding at all. Weeding is usually by hand-pulling the weeds, sometimes 

with the help of small hand-hoes to enable uprooting the weeds and slightly disturbing
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Figure 8 shows the overall cropping calendar for finger millet in the study area, 
summarizing timing of all activities pertaining to the crop production. As it can be seen in 

the table, because of the cultivated fallow practice which is unique in the study area, at 

least two seasons are necessary to accomplish all activities necessary for the production 

of a linger millet crop. The tlrst season begins during the long rains in December, during 

which land preparation for cultivated fallow systems begins in March. The cultivated 

fallow period then follows, from during the rains up to end of May or June after the long 

rains, through the dry season, up to November/December when the fields arc re­

cultivated ready for planting. Field preparation for slash and burn and nkule systems 
begin during the dry season, and for the nkule system planting is usually earlier than 

usual, in November during the short rainy season, as stated earlier. For the rest of the 
systems planting is usually in late December and early January (in Rukwa Region 

planting may be as late as in February), for harvesting usually in May, June or July. In the 

subsequent season the previously finger millet field is usually cultivated without 

cultivated fallow practice beginning during short rainy season in late October/November 
for planting usually other crops (maize, beans, sunflower, sesame, groundnuts, sweet 

potatoes, cassava, sorghum, etc).

the soil to improve aeration and infiltration.

The finger millet crop takes about four months up to six months to mature depending on 
whether the variety is medium or very late to mature. Except in llcje. harvesting is by 
cutting the panicles when the seeds are mature. Usually at the time of harvesting the 

panicles are in a mixture of dry, mature and partially immature heads. Selective 

harvesting may be performed but it makes the process more tedious and inconvenient. It 

is then common to harvest the crop when majority of the panicles arc drying or ripe, then 
curing the ripe and partially maturing panicles for two or three days before spreading 

them in the sun for drying. Curing is usually by piling the panicles in large heaps then 
turning them frequently for aeration, dissipation of heat and expulsion of moisture. After 

curing and drying the panicles they may then be threshed by flailing or pounding in a 
wooden mortar, or may be stored un-threshed in traditional cribs to be threshed later in 

smaller quantities as need arises.
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In Bundali Division in llcje District harvesting and processing of finger millet is unique. 

Processing is usually not by dry threshing but by soaking or submersion in water. The 

crop is harvested with due consideration of the processing method. In the soaking system 

panicles are harvested then piled up on a platform made of wood (kichanja) to soak in the 

rain waler for a period of about one month. Banana leaves or any convenient grasses are 

usually pul on the platform before piling the panicles, and also on lop of the pile to cover 

the panicles. I his ensures a permanent moist condition in the pile and prevents any 

possibility of any panicle to dry up during the processing or curing period. Any dry 

condition in the panicles will lead to sprouting (seed germination).

The submersion method involves harvesting the crop then submersing the panicles 

permanently under water surface for about 4 up to 6 weeks. In this method usually not 

only the panicle is harvested but also pan of the stem, up to about 1 foot from the tip of 

lhe panicle. This is then soaked upside-down into water collected on a trough dug on a 

Hat surface. The trough may be about 50cm deep or more, and before filling with water 

banana leaves are arranged to form a mat at the bottom. Water is then allowed into the 

trough while arranging the harvested linger millet panicles upside-down until the trough 

is full. The trough may be several square meters in area depending on quantity of the crop 

harvested. When the trough is filled with waler and the harvested crop a permanent 

stream of water is allowed into the trough so that the water level remains constant. 

Usually there would be an outlet from the trough to prevent water filling above the 

optimum level. When the harvested crop has soaked with water for an appropriate period 

of time the panicles become soft and the grains very loosely attached to the 

spikelets/glumcs. They are then taken out and washed in water just by abrasion as if 

washing clothes. The grains become detached and settle down at the bottom of water in 

the washing container. These are then rewashed to clean them completely from any chaff, 

then immediately spread under the sun to dry. It is extremely important to ensure 

immediate and adequate drying of the wet grains otherwise they germinate at once. Plates 

I 1 and 12 illustrate the submersion method of finger millet processing as practiced in 

llcje.
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Plate 12. Washing of the finger millet seeds 

after submersion processing period.

Farmers report finger millet yields of between 0.2 — 3.0tons/ha. Best yields are obtained 

in slash and bum and nkule cultivation systems.

-

3

Sometimes bird damage may be substantial if harvesting is delayed. This is especially 

true for the early maturing Katila variety whose ripe panicles are whitish in appearance at 

physiological maturity. The white panicles attract birds very much and damage is 

substantial. If there is no way of scaring the birds the whole crop may be lost, especially 

so because early maturity avails the crop to birds at a lime when most Helds do not yet 

have the crop. Most farmers do not prefer an early crop because it is to he harvested 

during rains which makes it extremely difficult to dry the harvested crop. No dr\ ing can 

be allowed in the field prior to harvesting because of bird damage and rainfall. Most 

farmers dry the crop on the ground which must never be moist during drying. To as late

Plate 11. Submersion processing of 
finger millet seeds. Top: Trough. Crop 
already processed. Centre and bottom : 
Crop submersed in troughs.

^21



Threshing of the crop dried in the field may also be practiced in the field
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In most places where finger millet is grown, drying of the crop during the normal 

harvesting period (May, June, July) is usually performed in the field. Prior to harvesting 

an area is cleared in the field of any grass or crop remains and sometimes any loose soil 

on the surface of the ground. Some farmers would then pile the harvested panicles on this 
cleared ground. This is especially practical where the soil is perfectly dry and the ground 

is compact such that no loose soil particles arc detached from the ground to contaminate 

the crop. To eliminate chances of any friable soil particles contaminating the crop some 
farmers smear the surface of the soil with clay and /or cow-dung to make a smooth floor 

on which the crop is handled without any inconvenience of soil particles. Where time 

allows some farmers make a wooden platform and pile the harvested crop on the raised 
platform so that the crop does not touch the ground. After piling the crop it is then turned 

up frequently to ensure perfect drying. This is especially crucial soon after harvest to 

remove any field heat and prevent sprouting or germination of seeds in panicles deep 

inside the pile where heat and moisture usually accumulate.

or the dry

as April, sometimes up to May, it rains very frequently, sometimes everyday. This makes 
the ground on which panicles arc to be dried muddy and very dirty, and on becoming wet 

the seeds in the panicles may germinate or rot during the drying period. Farmers who 
plant the early maturing variety usually start harvesting in March and fields arc normally 

small so that they may harvest and handle the crop easily and quickly. An alternative to 
planting the early maturing variety is to plant late. Unfortunately there is no method of 

land preparation that is adapted to late planting. Latest planting is usually February, 

farmers may reserve a field that has been cultivated early in the season till February; 

rarely they cultivate a new field, usually by nsindeulale or sesa or ridge systems, and 
plant in February. Late planting risks too much on weeds and rainfall late in the season is 

often not as predictable as during the proper planting lime. Severe dry spells capable of 

seriously influencing the crop are common late during the cropping season.



56

As a cereal crop finger millet acquires a very high market value because of its exclusive 

use in brewing. The technology of alcoholic drinks making is very detailed among finger

When the crop is not threshed immediately after drying it is usually stored in traditional 

cribs and be threshed later. The cribs are constructed at homesteads and are usually 
covered with a thatched roof. They may be of various sizes, usually of a diameter not in 

excess of 2.5-3 meters and roughly 2-3 meters in height. Sometimes giant cribs, 

measuring up to 5 meters in diameter and about 3-4 meters high are constructed but only 

for temporary storage as it is difficult to put a roof on them. The crop in these cribs must 
therefore be threshed prior to the onset of rains or moved to a safe place where they are 
protected from rainfall.

panicles carried to the homestead. The crop is usually hauled from the Held by packing in 
sacks and ferrying them manually or sometimes with the use of ox-carts. Threshing in the 

field is by flailing. It is usually a crucial activity most of the time performed as an 
operation, utilizing most of the available household labour. Sometimes, especially when 

the harvested field is big and the yield was good, threshing is performed as communal 
labour activity (ndaanjira). The farmer responsible usually would make a local brew and 

invite neighbours and friends to help threshing while enjoying the beer. Threshing would 
then take a very short time where it would need several days. If threshing takes very long 

in the field the crop may be stolen after threshing has began. During drying usually the 

crop in the field is not stolen but after the beginning of threshing it may.

Finger millet can be used for food or for making local brews or traditional beverage 
drinks. Flour from the grains may be used to make porridge which when mixed with milk 

is among most favourable and delicious foods. Suckling women are usually nourished 

with this calcium-rich food. The flour may also be made into stiff porridge (z/grz/z) which 

is the commonest food preparation in Tanzania. Finger millet seeds can be pre­
germinated to stimulate hydrolytic enzyme production; then the seeds are dried and made 

into flour. This Hour may then be used as sole or additive raw material in making of local 

brews.
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Therefore even though finger millet is an important crop its proportionate production is 

low because of necessity of adequate main food crops production. Maize accounts for 

68.3% of total grain and pulse crop production in Rukwa Region and 73.5 and 68.8% for 

Mbozi and Ileje Districts respectively (Table 4). We may argue therefore that the finger 

millet farming system in these areas is maize-based.

As it can be seen in the statistics above the various crops produced along with finger 

millet in the area of this research are mostly food crops including maize, beans, paddy, 

sorghum and groundnuts. Other crops produced in the area include cassava and sweet 

potatoes which are also important food crops (Table 5). The types of crops are mostly 

dependent on the area of production. In most areas maize and beans are major 

competitors with finger millet particularly for labour. Most finger millet cultivators are 

essentially subsistence farmers therefore sufficiency in food production is their first 

priority.

millet farmers, farmers can produce various types of local brews notably kimpumu, 

common, kihambule, kindi. diesel etc. simply by varying the ratio of finger millet and 

other raw materials, and by adjusting specific operations or procedures in the overall beer 

making process, These adjustments are fine tunings that make it possible to produce the 

various types of products essentially from the same raw material. Among farmers the 

technology of making local brews usually varies from one place to another even with the 

same type of brew.

3.4.4.I. Crop interactions

The production pattern of finger millet is very much dependent on production of other 

crops. In (he past when finger millet was the major staple food, the crop production 

predominated all agricultural activities. Introduction and growing popularity of maize 

gradually replaced finger millet as a major staple food, nowadays it’s significance as food 

crop is minimal.



Crop

MT MT MT

Crop*

5474748

27952 8497

Throughout the whole production area there is usually no competition for land between
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Table 4. Proportionate grain, pulse and oilseed crop production statistics in Mbozi District. Ileje District and Rukwa 
Region.

Maize 
Beans
Finger millet 
Paddy 
Sorghum 
Wheat 
Sunflower 
Simsim 
Groundnuts 
Bambaranuts 
Pigeon peas

1450
11300
9750

11800
14200
4675

10530

1015
4520
5850

5400
4500
5300

0.5
2.3

3

15300
6100
1400
314

150
394

22950
6550

900
942

5276
4329
5428
1006

57
91
71

6225
1441

15

1250
246
150

150
197

04
0.6

3.7
0.7
0 4

28300
9095

Table 5. Other crops (excluding grain, pulse and oilseed crops) produced in Mbozi District. Ileje District and 
Rukwa Region.

Rukwa 1998/99
Hectares Production 

% of grain 
and pulses 

68 3 
10 1 
39 

17 3 
0 07 
03

30140
11575
51604

213
867

Mbozi 1999/2000  
Hectares Production 

% of grain 
and pulses 

73 5 
5.9 
7.2 

> 2 3
i 5.3

72800 145600
23600
14200
1700

11700

Ileje 2000/2001  
Hectares Production 

% of gram 
and pulses 

68.8 
196 
2.7 
2.8

116150 203120
34737
12605
13395
435
723

250
164
320

Source: Mbozi and Ileje District Agricultural Development Offices, respectively
Rukwa Region Agricultural Development Office

Mbozi (1999/2000 
Hectares Producti- 
__________ on (MT) 

21600 
27000 
42400

Cassava 
Sweet potato 
Bananas 
Yams 
Irish potato 
Fruits 
Vegetables 
Coffee 
Pyrethrum 
Cocoa______
Source : Mbozi and Ileje District Agricultural Development Offices, respectively 

Rukwa Region Agricultural Development Office

Rukwa 1998/99
Hectares Producti-

__ ____ on_[MT) 
48091
19990

Ileje 2000/2001 
Hectares Producti- 

__________ onJMTJ_  
21104 

8784 
43424 

2012 
456 
728 
710 
596 
720 

12
• Crops other than finger millet
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Maize may be planted after finger millet for two or several seasons; when the field is 

found to be exhausted for maize; beans, groundnuts or sunflower may be planted. In 
Nyamwanga area especially in Ndalambo Division between Nkangamo and Mkutano 

(also in Nyiha area) cassava is also an important rotation crop; usually planted last when 

the soil is considered most exhausted and towards fallowing. Maize, beans and sunflower 

can alternate as freely as possible but usually the legumes do not alternate with each other. 
In some places sorghum, pearl millet and sesame are also important crops in relation to 

finger millet production. Pearl millet is particularly important in Kamsamba area where it 

is a staple food. Maize docs not perform very well in this area because of short rainy 

season. Pearl millet performs very well in this area; nevertheless sorghum is most

In most places after finger millet is harvested as an opening crop on virgin or fallow land 

the field is most commonly planted with maize as the succeeding crop. The field may be 
repealed with finger millet especially if it was very fertile or under very effective slash 

and burn. The field can be repeated with finger millet once only, rarely twice. Under 

natural conditions the second year yield is much lower than the previous year; if repeated 

more than once yield continues to drop drastically; or there may be no crop harvested at 

all. Finger millet is a very sensitive crop to declining soil fertility.

finger millet and other crops according to the traditional practices. Finger millet is mostly 
grown as an opening crop whenever virgin or long fallow land is cultivated. No other 

crop is usually considered for this reservation as an opening crop. Farmers attribute this 
to tradition and assurance of a good linger millet crop but no farmer is very sure about 

performance of the other crops if grown as opening crops simply because it is not their 

tradition. Planting any other crop as an opening crop is considered as wastage of a good 

opportunity to obtain a good finger millet crop. In this sense therefore production of 

finger millet is considerably stressful as compared to other crops. It docs not simply suit 

in general rotation with other crops; it must be the first crop and must exploit the best of 

the soil's natural fertility. Short of this, traditionally, it simply has not-to-be-planted. The 
only exceptions are the rotational systems (ridge, hand-hoe and ox-plough rotational
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To a great extent finger millet can be considered essentially as a monocrop. Intercropping 

exists, but in most areas only sparingly, most frequently with maize and sorghum. Pigeon 

peas are also frequently observed as intercrops; sometimes sunflower and sesame also. 

'I he intercrops are usually a very insignificant number of randomly scattered plants. In 

rare cases maize has been observed as the main crop in linger millet intercrops. 

Performance of finger millet when maize is the main crop is usually very poor. This is 

necessarily so because of shading effect. Under this system normally finger millet is 

sown while weeding maize crop planted in November. Most of the light that would reach 

the finger millet crop, therefore, is intercepted by the maize crop; which influences linger 

millet growth very much. A similar, also rare situation, is observed with cassava. There 

are cassava fields that arc planted on ridges during the rainy season. In the next season 

for weeding cassava the ridges arc broken and field leveled. Finger millet may then be 

broadcast on the level field. This crop will also grow under shade of the cassava plants. 

As these fields are also usually of poor fertility (cassava considered good performer in

In the nkule system the field is usually abandoned after one year of cultivation. Rarely it 

may be planted with sugarcane as a permanent crop; or ridges made where sweet potatoes, 

beans or maize can be planted. Sweet potatoes arc known to perform well in this system 

and after one crop of sweet potato the field is usually abandoned. Sweet potato is most 

commonly used as a closing crop in this system if the field is not abandoned immediately 

after millet. If beans are planted these may be followed by maize then sweet potatoes; 

maize and beans can alternate with each other for a while. Performance of maize in nkule 

rotations is not very well known. Attempts are being made to introduce rice cultivation in 

the nkule areas. In Mbozi District introduction of rice cultivation in Kamsamba area 

recently (1990s; previously in Msangano) has been a great success so farmers are 

becoming very much interested in this crop.

preferred because it is more delicious as food. Rotations in this place involve usually 

sorghum after millet then continuing with sorghum for even up to five years or 

interrupted by pearl millet prior to fallowing. If pearl millet is planted it must usually be 

in precedence of fallowing because it exhausts the soil very much.
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In nkule Helds, intercropping Unger millet with irish potatoes is a very common practice.

At the onset of rains potato tubers are planted in the nkule mounds usually a few hills 
around the base of the mound (but not on un-burnt soil). When the mounds are broken for 

linger millet sowing soil is taken starting from the top of the mound and spread for finger 

millet broadcasting, leaving the hills planted with irish potatoes untouched and the tubers 
not exposed or if already sprouted well earthed up with the burnt nkule soil. Irish potatoes

In few occasions maize and finger millet may be found in almost equal proportions 
space-wise (i.e. considerably high population of maize plants but not high enough to 

cause any significant shading effect). It could be something like two meters interval 

between maize plants planted randomly. Growth of finger millet in these fields is usually 
good especially if the field was under long fallow. Farmers particularly in Mbozi District 

prefer to practice this type of maize-millet intercrops in fields with termite mounds or 
where there has been some slight burning.

poor soils) finger millet growth in these fields is normally not good. Sometimes you may 

wonder why the farmers plant finger millet at all in these fields, for they seemingly 
harvest almost nothing from the intercrops.

The most important intercropping with finger millet seems to be with sorghum as a 
ratoon crop. This is practiced to some extent in Mbozi District and mostly in Ilcjc. In 

usual intercropping the population of sorghum is only a very few plants not really 
significant for any yield consideration. In ratoon intercropping, however, the sorghum 

crop is sown in a bit higher population; may be considered as something approaching 

25% of sole sorghum crop population. During harvesting, the sorghum is cut leaving the 

base of the stem un-injured. In the following season after rains tillers arc produced from 
the stems and grow as a ratoon crop. Production of tillers make the plant population for 

the ratoon crop higher than the previous crop; and yields become consecutively higher 

with season. The ratoon sorghum crop may be maintained for up to 5 years. It usually 

may be intercropped with maize and groundnuts, also pumpkins and cowpeas. Pumpkins 

are very common intercrop associates with finger millet.
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As a food crop in the areas of production nowadays finger millet consumption can be 

considered very insignificant. The great majority of the people use maize as the major 

food crop (also cassava, sweet potatoes, sorghum and pearl millet in some places). Very 
few people use finger millet exclusively for food except in arresting famine. Most of the 

people who use finger millet as the main food are old people who had been using the crop 

in the far past. Most of the younger generation prefer maize.

and finger millet then grow together and after about four months the potato crop is 

harvested leaving the finger millet crop in the field.
The commercial interaction of finger millet with other crops is very important. Except in 
the Nyiha highlands in Mbozi District (and high altitude areas in lleje District) where 

coffee is produced; finger millet may be the most important crop produced largely for 
commercial purposes. Most of the cash economics of the people where finger millet is 

produced in absence of coffee depend on sale of excess or some of the food crop. Among 

food crops it is probably finger millet alone that can be sold freely without much concern 

of depleting food reserves. Maize and beans are usually also sold for cash, but v. ilh much 
more restriction. In a few areas (Sumbawanga; Msangano and Kamsamba in Mbozi) rice 

is also being produced mostly for sale; but only few farmers can produce rice because of 

agro-ecological limitations. Finger millet is therefore generally more reliable as an 

essentially cash crop. In some places, especially in the Nyamwanga extension of the 

Ufipa Plateau, finger millet is produced as the only exclusively commercial crop. This 

makes it very important in the cash economy of the people. Nowadays farmers are also 

attempting to produce sunflower and in few places (especially Kamsamba) sesame as 

cash crops but the market for these is not very reliable. There is usually no market (must 

be sold outside the area of production in town) and the price is usually very much in 

favour of middlemen than farmers (profit-driven) because the market depends solely on 

them. Price for finger millet is usually demand-driven and farmers can speculate very 

much on price. During scarcity times price for finger millet can be very attractive. The 

crop can also find a good market within the locality of production because it is very much 
in use for making local brews.



3.4.4.2. Livestock interactions.

Table 6. Possession of livestock among finger millet farmers in Mbozi District

Type of livestock
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In Southwestern Tanzania farmers who cultivate finger millet keep a few to several 

livestock. The type of livestock kept include cattle, goats, swine and chicken; also sheep, 

donkeys, pigeons and ducks. Among finger millet farmers interviewed in Mbozi District 

(Table 6) about 57.5% had cattle, 34.5% had two or more cattle and 9.7% had more than 
5 cattle. About 49.5% had goats, 14.2% had swine, several had sheep, donkeys, pigeons 

and ducks. The great majority of farmers (77.9%) had chicken. Livestock keeping 

activities especially cattle are more important in Kamsamba and Msangano valleys than 
in the rest of the survey areas. Whereas in Kamsamba and Msangano about 100% and 

92.9% respectively of farmers interviewed had cattle, in Ndalambo Division only about 

43.1% of interviewees had cattle. About 60% of interviewees in Igamba Division had 
cattle but only about 12% had more than five cattle. About 4.6% of farmers interviewed 

in Ndalambo Division had more than five cattle, 24.6% had two or more cattle. In 

Msangano Division about 14.3% had more than five cattle while 71.4% had two or more 

cattle. Kamsamba was leading in livestock possession with 33.3% of interviewees having 

more than 5 cattle and 77.8% with goats.

Cattle
>2
>5

Goats
Swine
Sheep
Chicken
Ducks
Pigeons
Donkeys

Percent
60
40
12
28
20

8
72

0
0
4

No. 
“28 

15 
3 

32 
6 
1 

54 
1 
2 
2

No. 
“l3 

10 
2 
6 
4 
0 
7 
0 
0 
0

Kamsamba 
(n = 9) 

Percent 
Too 

44.4 
33.3 
77.8 
11.1 

0 
100 

33.3 
11.1 
11.1

Igamba
( n = 25) 

No.
"15

10 
3
7
5 
2

18 
0 
0
1

Ndalambo
(n = 65) 

Percent
437
24.6

4.6
49 2

9.2
1.5

86.1
3.1
3.1
3.1

Msangano 
(n = 14) 

Percent 
9Z9 
71.4 
14.3 
42.9 
28.6 

0 
50 

0 
0 
0

No.
9
4
3
7
1
0
9
3
1
1

Percent 
57?5 

34.5 
9.7 

49.5 
14.2 
2.6 

77.9 
3.5 
2.6 
3.5

Mean
(n = 113) 

No. 
“65 

39 
11 
52 
16
3 

88
4 
3
4

Possession of livestock is greatly related with finger millet cultivation. Farmers with 

more than 2 herds of cattle would frequently also have an ox-plough to cultivate finger 
millet field, probably also with an ox-cart for crop haulage. The relationship between
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Fig. 11 shows the relationship between acreage and number of cattle in possession among 

farmers who practice ox-ploughing. Regardless of system of ox-ploughing, there was 

tendency of number of cattle increasing with acreage for those farmers who had cattle. 
The only exception was with maize acreage for farmers who practice rotational (and 

fallow system uncultivated fallow) cultivation. With these farmers number of cattle more 
than two up to 10 herds or more was associated with progressively decreasing acreage. 

Acreage for farmers without cattle did not follow the overall trend, it was in most 

situations more than acreage for farmers with at least two herds of cattle except in ox­

plough kuvundika system. Incidentally, it is logical to equate having no cattle for farmers 

who practice ox-ploughing with having at least two cattle that is a necessity for the use 
of an ox-plough. These farmers who do not have cattle usually borrow or hire oxen from 

relatives, neighbours or friends. As much as Shs. 6,000/= is paid when hiring oxen to 

cultivate one acre of land, which is equivalent to not less than one bag of linger millet at 
local price, in most situations. Especially because it is costly to hire oxen those farmers 

must cultivate considerably as much acreage as it can profitably compensate the cost. The 
increasing acreage trend with increasing number of cattle was more determinate with 

finger millet than with maize or a combination of maize and finger millet acreages. In the 

ox-plough kuvundika system acreage increased with number of cattle up to when farmers 

had more than 5 cattle but not up to when they had more than 10 cattle.

possession of cattle and ox-ploughing can be illustrated more in Fig. 9. As it can be seen 

in the figure it is farmers who were practicing ox-ploughing that were having highest 

number of cattle. Least numbers of cattle were owned by farmers practicing nkide. ridges 
and ntuniba systems of cultivation. In these systems more than 50% of farmers 

interviewed were not having any cattle, as it can be seen in Fig. 10. hi the nkide system as 

many as more than 70% of the farmers were having no cattle. It is farmers that were 

practicing ox-ploughing that were leading in both possession and having more cattle. 

There was no farmer among those practicing nkide system that was having as many as 5 

cattle while among those practicing ntuniba cultivation no one was having as man} as 10 

herds of cattle. Farmers who have oxen can cultivate larger finger millet fields I’hey also 

can perform most of the farm activities timely and occasionally more effective!} .
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Fig. 10. Frequency distribution (percentages) of number of cattle in relation w ith method of 
cultivation among finger millet farmers in Mbozi District.
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Fig. 11. Relationship between finger millet and maize acreages and number of cattle among ox-ploughing 
finger millet farmers in Mbozi District
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In addition to the use of oxen tor cultivation, livestock is an additional source of cash and 
food to the family, farmers can sell any livestock (chicken, goats, swine, cattle) for cash 

whenever need arises. Possession of livestock is linked to wealth, farmers with more 

herds of cattle are more wealthy, usually would also have ox-plough and ox-carts, and are 
more capable of cultivating finger millet and other crops. The farmers can have milk 

from their own cattle and may use the animals for food whenever need arises. Animal

 0  1

Brewing of local beer from or using finger millet as raw material is a very important 

motivation for finger millet production. Most farmers can make beer for their home use 

using finger millet. There are specialized farmers who make beer for sale in local beer

 2 o > 2  5 o • 10
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shops. There arc plenty of these beer shops in any village locality and majority of the 

people dwelling in these localities drink beer from the shops. Beer making is therefore a 

very important activity in these areas; and farmers are quite innovative in the technology 

of local beer making using finger millet. Nowadays there are people who make weaning 

food formulations using a mixture of finger millet and such protein-rich grains as beans 

and groundnuts.

(b). Individual farmer perspectives

Most finger millet producers are peasant farmers whose basic production goal is 

subsistence in food production. Though they largely achieve this goal, nobody can 

survive under purely subsistence conditions. Cash economy is necessary for essential 

household needs like medical expenses, school fees for children, purchase of farm tools

(a). Introduction

Within the framework of farming systems there arc many socio-economic aspects that arc 

in various ways related to finger millet production. These aspects may be distinguished 

either from individual farmer perspectives or from the overall socio-economic 

environment. Data on both individual farmer household characteristics and the overall 

socio-economic environment have been collected and are subsequently discussed. Data 

on household characteristics were obtained during the survey in the normal purposive 

sampling procedure described previously in this chapter. Visits were first made in 

specific administrative locations then to specific villages where finger millet cultivating 

farmers are known. After consultation with local authorities visits were then made to 

important finger millet farmers who were then interviewed. The numbers of farmers 

interviewed in each location have been shown in Table 2. Information on household 

farmer characteristics in this study concentrates on Mbozi District. Data on socio­

economic aspects other than household parameters were obtained from various local 

authorities mostly from District Agriculture and Livestock Development Offices. Few 

socio-economic parameters are also discussed based on observations and analysis of local 

situations.



Characteristic Number Percentagen

97 62 63.9
97 35 36.1
97 21 21.6

3 wives 97 7 7.2

97 4 4.14 wives
397 3.15 wives
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and equipment, household utensils and other minor needs like kerosene for lighting and 

salt for food. Cash obtained from finger millet and sale of other crop excesses therefore 

supplement the subsistence food economy of the farmers.

Monogamous 

Polygamous 

2 wives

Table 7. Polygamous and monogamous characteristics of finger millet farmers in 
Mbozi District.

A typical finger millet cultivating household consists of a married couple with several 

children. The household head is usually the male and marriage involves movement of the 
female member from her parents to the male parents then the couple establishes it's own 

household. The female is usually subjective to the male who makes decisions on most 

important household matters. Man is free to marry as many wives as he finds convenient 
and this is well perceived in the local society tradition. Many finger millet farmers 

interviewed were polygamous. The number of wives ranges from two to several: and 

each wife can have as many children as she can bear. There are reports of farmers having 
as many as 10 wives or more but among finger millet farmers interviewed the maximum 

number of wives was five. The farm household usually consists of a compound with 
house for each wife; or may be staying in the same big house with several partitions. 

Sometimes the wives may be housed in different compounds. Most farmers interviewed 
were, however, monogamous (Table 7).



Category

16.418< 1 acre 0 0

75.583< 5 acre 12 13.8

4.555-10 acre 50 57.5

3.6411-20 acre 18 20.7

00> 20 acre 8.07

100110Total 10087
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'Table 8. I lousehold landholding and acreage under finger millet among finger millet 

farmers in Mbozi District.

Data on acreage and production arc further illustrated in Figures 12 — 14. As it can be 

seen in Fig. 12; majority of farmers’ acreages were less than 5 hectares and most farmers 

cultivated less than two hectares of finger millet. Largest finger millet acreages were 

cultivated by farmers practicing ox-plough kuvundika system. Total cultivated acreage 

(including other crops) ranged from 1.0 hectare (2.5 acres) to as much as 18 hectares or 

more. Majority of farmers cultivated more than 50% of total acreage they were in 

possession, especially those with less than 6 hectares; as it can be seen in Figure 13. /\s a 

general trend percentage of total acreage that was cultivated decreased with increasing 

total acreage. This was most pronounced in Ndalambo Division.

Landholding

Number Percentage

Acreage under finger millet

Number Percentage

Household activities are usually coordinated by the household head. Priority is usually 

production of adequate food, which is maize (sorghum in some instances). The finger 

millet cultivating households interviewed had total landholding of between 2.5 - 30 acres. 

Most of the farm area is usually cultivated with maize. Finger millet fields ranged from 

0.1 - 20 acres ( Table 8). Majority of farmers reported having an average of approximately 

8 acres (3.2 hectares) landholding and about 2 acres (0.81 hectares) under finger millet. 

Production of linger millet was between 0.05 and 14 tons per household per season with 

reported average yield of about 5.3 bags per acre (approximately 1.3 tons/ha).
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Fig. 12. Total acreage and finger millet acreages among finger millet 
farmers in Mbozi District.
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Nsindculalc = Nsindculalc + ox- 
olouuh continuous cultivation

Figure 14 illustrates linger millet production in relation to acreage in the area of this 

research. Most farmers produce less than two tons from acreage not exceeding 1.5 

hectares. Production seems to be directly proportional with hcctoragc. It is evident from 
the illustration that under particularly the ox-ploughing kuvundika system farmers 

cultivate more hectorage and subsequently produce more.

Fg. 1-1. Finger mllct acreage and production in relation to system of 
cultivation among a sample of the crop farmers in Mbozi District, Mbeya 

Region.
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Fig. 14 has shown the overall relationship between acreage and production. Majority of 

farmers were cultivating small acreages and producing comparatively small quantities. 

We can see that the ox-plough kuvundika system outsmarted all other cultivation systems 

in acreage and production. High level of production in the ox-plough system is to a large 

extent motivated by the commercial nature of finger millet cultivation. Farmers 

cultivating bigger acreages is for the reason that they arc specialized commercial farmers 

aimed at maximizing production and cash income. Most farmers produce finger millet for
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Table 9. Particulars of finger millet acreage, production and yield in different cultivation systems.

Cultivation system Millet acreage Millet production Yield

Ranking of means with Tukey/Kramcr method at 0.05 level.
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cash and those who can cultivate more (with oxenization which is the most obvious 

mechanization possibility in finger millet) obtaining more cash.

Total 
acreage 

(ha) 
5.06 
3.24 
4.68 
4.63 
3.44 
4.3 
4.95

2.3
4.07
0.62
64.1 
NS

(ha) 
1.64a 
0.84ab 
0.64ab 
1.56ab 
0.45b 
0.39b 
0.9ab

0.5ab
0.83 
0.26
129.1 
0.001

(bags) 
19.8a 
8.2ab 
6.5ab 
6.3ab 
3.8b 
4.1b 
12.4ab

7.5ab
7.47
1.54
185.4
0.05

(bags/acre)
4.9
6.3
5.0
4.2
5.4*
5.2
6.7

4
4.59
0.29
54.8
NS

Ox-plough kuvundika 
Nsindeulale
Ox-plough rotational fallow 
Ntumba 
Nkule 
Ridges
Slash and burn
Handhoe continuous
Cultivation____________
Mean
S.E. + 
CV %
Probability________________
* Few unrealistic data excluded from computation of averages.
Means in a colomn bearing a common letter arc not significantly different.

Table 9 gives more details of the production statistics in relation to cultivation system and 

makes distinctive comparison of the different cultivation systems. Total acreage and 

finger millet yield have been shown to be not dependent on cultivation system. Finger 

millet acreage and production were, in the contrary, significantly dependent of the system 

of cultivation. Both parameters (acreage and production) were lowest in nkule. and ridge 

systems and in these two systems the parameters were significantly lower than in ox­

plough kuvundika system (P < 0.05). No other significant difference, however, existed. 

Coefficient of variability indicate that within individual cultivation systems there was 

very high variability in finger millet acreage and production. This implies that even 

though cultivation systems were having significant influence on these two parameters 

they were not the only determinants of decision making on the level of production. Other 

determinants would be the relevant cash economics of the farmers in relation to finger 

millet, land and manpower availability also for other crops, reliability of markets and 

market prices, soil fertility and yield in relation to local environment regardless of system 

of cultivation, etc.
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The amount of land that farmers own (total acreage) is usually determined by individual 

farmer’s economic goals and history of settlement in the area. On basis of land ownership 

most inhabitants of Nyihaland can be distinguished from those in Nyamwangaland. 
Because of a longer history of permanent settlement in Nyihaland most of the land is 

under permanent crops (coffee, bananas) or continuous cultivation. Acquisition of new 
land is very much limited as in most places all land is already allocated to permanent 

owners who cultivate the area and partition it to next generation through patrilineal 

inheritance. It is only in boundary areas (Nambinzo, Utambalilo, Ikonya, Maninga, Bara, 
Magainba) where there is uncultivated land in woodlands. Some of this woodland area 

can be cultivated under communal land restrictions. The land belongs to the state and the 
power of allocation is vested in Village Government as far as local practice is concerned. 

When a farmer wants to open new land for cultivation he makes application from the 

Village Government authority; the woodland is inspected for any prohibited trees and the 

farmer pays a fee and is allowed to cut the woodland for cultivation. It is usually famers 

in the boundary villages that can obtain new cultivation land easily from the Village 

Government. Farmers in areas distant from the village rely mostly on land that they have 

been cultivating for a long time under patrilinial inheritance. Occasionally farmers from 

distant areas, even outside the District, can apply for land in the boundary villages and 

been allocated through the Village government authority. There is nothing like title deeds 

or specification of tenure for this land allocated for usually subsistence or small scale 

cultivation through the Village local authority. Rights of ownership are considered as 

authorized local arrangements.

In Nyamwangaland the population pressure is less than in Nyihaland and there is much 

more woodland that can be put to cultivation. Because of land use pattern almost 

exclusively restricted to annual crops permanent settlement in Nyamwangaland 

(especially in Southwestern Plateau zone or Ndalambo Division and most of Kamsamba) 
is more recent and shifting cultivation tendencies are still much more pronounced. The 

social structure in Nyamwangaland is much more elaborate than in Nyihaland and 

traditionally all the Nyamwangaland was known to belong to the King of Nyamwanga 
who was holding highest responsibility in settling land matters. Large pieces of land
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In both Nyamwangaland and Nyihaland, most of the mbuga area

constituting up to sub-village area were owned by different clans that make up the 
Nyamwanga tribe. A patrilineal inheritance system was adopted in safe-guarding and 

allocating land to any member of the clan in respect to his parents and close relatives. 

Outsiders to the tribe could be allocated land on friendly terms. The different clans were 
usually scattered in different areas and population was low thus shifting cultivation 

mostly for subsistence food production quite practicable. In 1973 the Village settlement 

scheme (villagization) was launched as an operation involving moving people from 

scattered and isolated settlements to a more permanent and well planned village 
settlement. This was for the purpose of casing provision of social services such as schools, 

clean water, health centers etc. to the people settled in a more permanent and well located 

rather than scattered areas and to enable communal economic activities. This settlement 

scheme necessitated re-location of land for the new village and village farms, and 

abandoning of the original settlements. This disrupted to a great extent the traditional 

landholding structure and most of the people who were holding large areas of land in 

communal areas were compelled to surrender the land to the communitv. Some of the 
farmers, however, did only move to new settlements but their original settlement areas 

remained intact. Because the villagization scheme did not materialize verv effectively 
some farmers continued to work partly in their own original settlement farm-holding and 
partly in communal farms. Not after a long period of time all communal activity was 

abandoned and all communal farmland that was known to belong to any specific villager 

was returned to the original owner. Some of the villagers had surrendered the land 
voluntarily in support of the villagization scheme (some were against, also); so re-taking 

back their land was not difficult at all. This land now remains to be locally managed and 
allocated under inheritance system. Land that was not claimed continues to be state 

property under the Village Government. Thus in Nyamwangaland particularly in the 

Southwestern Plateau Zone there is land that is traditionally still known to be owned 

under specific clans through inheritance system. Many clans are usually not very large 

and may be sub-divided in different localities, therefore members of the clans can own 

considerably large acreages.
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The farmers interviewed were of age between 25 - 77 years. Household size ranged from 

3 to 25 individuals with most active labour force (15-65 years) between 2 and 20 

individuals. The farmers as old as 70 years or above were still involved in finger millet

Among male and female members of the household there is usually no one who takes 

most responsibility on finger millet production. For most farmers the crop is just so 

important to the household's well being that it is considered a priority for both male and 
female members. When production is in small scale or with very specific objective like 

specialized women home beer making, however, the whole production process may be 

exclusively the responsibility of women. This is especially true in the rotational ridge 

system where it is women who take care of the small near-houschold fields. In larger 

scale fields different activities may be performed cither by men or women. In the slash 
and burn system, for example, cutting the trees and burning is usually performed by men. 

Likewise ox-ploughing in maksai systems is performed by men while ntumba or ridge 

making in the respective systems arc invariably performed by both men and women. This 

is also true for the nkule system. Planting and harvesting are usually activities of both 

men and women while weeding is performed mostly by women (Table 10). Threshing, 
packaging, storage and marketing are performed by both men and women while 

preparation of any finger millet food and brewing are performed by women. Household’s 

domestic activities such as cooking, fetching water and firewood and tending small 

children are activities restricted to women.

cultivation is practiced is unclaimed land. Not many people arc cultivating in the area as 
it is considered to be wasteland and the nkule system is not or has not been adapted to 

many crops. Farmers can therefore cultivate any area in the mbuga that no other farmer 
has located for cultivation. There seems to be much more undisturbed rnbuga area in 

Nyamwangaland than in Nyiha area, nevertheless. In the Nyiha area the mbuga is more 
occasionally been observed to be occupied with crops like sugarcane or with sweet potato 

and bean ridges; there is also a lot of animal grazing activities in the mbuga and in some 
places other activities like brick making. The shallow valley clay soil and high water 

table are a special advantage to this later activity.
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The characteristics of manpower management are the same for the Nyamwanga and 
Nyiha residing in Mbozi District, even in Rukwa Region. Except in relation to method of 

cultivation the same characteristics seem to be maintained even among the Fipa people 

residing in Rukwa Region. In most occasions it is the individual farmers household that 

takes all the responsibilities concerned with finger millet production. Communal 

manpower locally known as “kualika” (or ndaanjira in Nyamwanga) is sonn iimes sought 

in conducting activities that need much manpower and arc time-restricted, occasionally 

such as weeding, harvesting and threshing. Kualika is a Swahili word meaning "inviting”. 

The farmer in need of communal manpower determines the activities hc/shc wants to 

accomplish and invites neighbours, relatives or/and friends to help in the operation. In so 
doing the activity is conducted probably only in one day where it would take the farmer 
several days. Harvesting and threshing are activities that most oftcnly attract communal 

work. Sometimes farmers with large acreage especially those practicing ox-ploughing 

may hire extra manpower for wages. This is quite rare but the only effective way when 

especially the activity takes several days. Kualika (ndaanjira) is not effective if several 
days of work are necessary to accomplish the activity.

Appropriation of farm household production is shared among members of the household 
mostly as food. Real cash income for most families is usually not adequate to support 

families basic needs. Most cash obtained from sale of crop harvests is spent on high 

priority needs like school fees, medicines, farm tools, transportation of crop to market 

and clothes. Below is some statistics on farm household real income from a case study in 

Kakozi village (Table 11). As it can be seen in the table, most of the farmers’ income is 
obtained from sale of crops. It is interesting to note that finger millet was on the average 

the most important crop as a source of cash; then for most farmers maize and beans.



Activity
n

12 100 0 0

66.712 33.3 0
0 100017

1000 017
1000 017
0010041

6004015
1000015
88.25.95.934
97.12.9034
87.412.60111
73.926.10111
63.136.90111
59.540.50111
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Slashing/trcc cutting

Collection of cut wood

Sunflower can be an important source of cash but this is a relatively new crop and only a 

few farmers are cultivating it. Farmers’ income as it can be seen from the statistics is low 

and not enough even for a proper healthy nutrition. Farmers can only sustain their living 

with difficulties and great in-adequacies.

Table 10. Division of responsibilities among men and women in finger millet cultivation 

in Mbozi District.

and burning 

Ploughing nkule field 

Piling of nkule mounds 

and burning

Breaking of nkule mounds 

Ox-ploughing

Making of ntuniba. mounds 

Breaking of ntuniba mounds 

Making of ridges 

Breaking of ridges

Planting

Weeding 

Harvesting 

Threshing

Percentage respondents responsible
Men Women Both men and women



Income source Incomen

Highest

26 63000 0 19719
32 90000 117370

Beans 29 36000 0 S9O4
14 65000 1000 12943
21 27000 0 607 i
26 9000 0 6071
22 20000 0 3818
32 35000 0 2781

32 141200 1000 66458
13 100000 2000 25692

Total 241200 11600 92150

0 Subsistence use only
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Finger millet

Maize

Sunflower

Groundnuts
Cassava

Total Agricultural sources

Other sources (Non-agricultural)

Vegetables garden

Livestock

Table 11. Finger millet farmer’s annual cash income from sale of crops and other activities in Kakozi 
village, Mbozi District.

Figure 15 illustrates more the distribution of income among farmers. There are two 
distinct groups each skewed to its own extreme. One group represents farmers with 

lowest and average income; the other group represents farmers with comparatively higher 
income. The higher income group is the great minority (16.1%) with income ranging 

from TSh. 100,000 — 250,000/= per year. The lower income group constitutes almost 

84% of the farmers and income ranges widely from as low as 10,000/= per year to about 

100,000-/=. The proportion of farmers with lowest income (10,000 - 50,000/-) is the 
same as farmers with average income in the village (50,000 - 100,000/-). It is evident 
from the figure that income distribution is very much skewed to the lower income group 
(< 100,000/-).

Lowest Average
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Fig.15. Income distribution among finger millet farmers : Case study of 
Kakozi village.
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Significance of finger millet as a household source of income is also related to agro- 
economic location. Overall contribution of finger millet to household income is further 

illustrated in Fig. 16; indicating also different observations in different localities. As it 

can be seen in the figure in Ndalambo Division as a whole, which represents the S.W. 

Plateau agro-cconomic zone, finger millet has been shown to contribute up to more than 

65% of the household’s total income. In Igamba Division, which represents the coffee 

zone, contribution of finger millet to total income was less than 30%. More than 60% of 

income in the coffee zone was found to come from coffee and only roughly about 10% 

from crops other than coffee and finger millet. In Ndalambo Division as a whole a little 

more than 30% of total income would come from crops other than finger millet but the 
major crop for cash is finger millet. In Kakozi village, however, crops especially maize, 

beans, sunflower and groundnuts were also important. Even though Kakozi is within
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Ndalambo Division, its cultivation of finger millet is much more restricted to low 
acreages, mainly because of absence of ox-ploughing. In this village it was only ntuniba, 

ridge and nkule systems of cultivation that were practiced, all of which arc inherently low 
acreage (usually less than 2 acres) systems. With low acreages and also low yields the 

contribution of finger millet income to total income is necessarily low. banners have to 

strive to obtain more income from sale of other crops. In areas of the Division where ox­

ploughing is practiced, on the other hand, acreages cultivated with finger millet are 

occasionally high leading to exceptionally high average income.

Finger millet income is not only associated with acreage and production or yield, it is to a 
great extent related to price of the crop in respective localities. Table 12 shows ranges of 

price for finger millet as reported from farmers in different localities. There is a very high 

price difference related to season and location. For one bag of the grain crop lowest price 
reported was Shs. 2400/= in Kamsamba and highest price of Shs. 30000/= in Igamba 

Divisions, respectively. Average price ranged from lowest Shs. 5896/= in Ndalambo 
Division and 18000/= in Vwawa Division. Prices are usually lowest immediately after 

harvest especially in July and August and reach their peak during the time of sowing in 
December and during crop growth in January, February and March. Farmers who plant 
early maturing (Katila) variety start harvesting in March. Prices vary greatly with 

location. Determinants of price variation arc usually remoteness or distance from town 
markets, reliability of road network to the farm area, availability of transport facilities, 

level of production and saturation of the local market. Prices are lowest in remote areas 

where transport is very difficult, including Kamsamba, parts of Ndalambo Division and 
Msangano. Prices in Igamba are comparatively better because it is near to Mlowo and 

Vwawa town markets, production is low and there arc more reliable means ot 
transportation. Because of low level of production the local market in Igamba is also very 

good, sometimes more attractive than in town markets when selling in small quantities. In 

Bara village, for example, sometimes retail traders buy the grain from Mlowo market and 
sell in Bara (or other markets in Itaka Ward) at a price difference of 30% or about 1050/= 

shillings per dcbc. It is more common for these traders to buy the crop in small quantities 
in Nyamwanga areas notably Kamsamba and Ndalambo and sell with elevated prices in



Highest price (TSh.) AverageLowest price (TSh.)Location

5896180003000Ndalambo
10230210005200

30000 155166000
6975180002400
180002400012000Vwawa
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Msangano
Igamba
Kamsamba

Table 12. Variation in finger millet price (100kg bag) in relation to location in Mbozi 
District, 2001/2002.

The influence of price is further illustrated in Fig. 16. Real income from finger millet in 

Ndalambo is lower than in Igamba because of preferentially better price in Igamba. When 

adjusted to standard price (average price in Igamba) we find that income in Ndalambo is 

elevated (bar 2 in graph) so that there is no notable difference with finger millet income

market or local brew shops (yilabu) in Nyiha areas, or use for making the brews for sale. 

Coffee growing in Nyiha areas is a great incentive to finger millet prices in the area. 

Farmers who produce finger millet in Igamba Division especially in the boundary areas 

of the Division (Utambalilo, Nambinzo, Ikonya, Maninga, remote sub-village areas of 

Bara and Magamba) prefer to sell most of their crop in bulk quantities and this they can 

do without difficulties because transport situation in this Division is much better than in 

other areas. It is nearer to the Tunduma - Mbeya highway and to Mlowo and Vwawa 

town markets. Because of coffee growing in the area (among the overall high agricultural 

potential and high population) rural roads network in Igamba Division has been much 

more reinforced to case coffee marketing. Transportation of crop from this area to the 

town market is therefore not very difficult. Some farmers in this area report transporting 

their crop as far as to the Regional market in Mbeya for better prices. Finger millet price 

in Mwanjelwa market in Mbeya, for example, was reported to reach as high as 45000/= 

shillings per bag.
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household is usually considered as the pillar of 
survey reported in this research an association was

 Other sources 
l==f E3 Coffee income 
pEB □ Millet income

Under peasantry agriculture the farm 
laiming characteristics. During the 

established between household size, marital characteristics, family’s active workforce, 

am age and income. As it can be seen in I able 13 significant positive correlations were 
k und 1 etween number ol wives, household size and household workforce; total acreage 

and acreage as well as income from millet (P < 0.01). The bigger the household size the 

greater the workforce was and this led to a tendency of having more acreage and availed 
more income from finger millet. Having more than one wife significantly increased 

household workforce. This did not however increase total income, underscoring the 

subsistence nature of the social economy. As millet acreage was increased more income 

was obtained from the crop (r = 0.56***). This did not however seem to have any 

significant influence on income from other sources except sunflower. Finger millet
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contributed very significantly to the household’s total income (P = 0.001). Further 
analysis was carried out to clarify association of finger millet cultivation with cultivation 

of other crops. There existed also significant positive association between millet acreage 

and maize acreage, maize acreage and sunflower acreage while sunflower acreage in turn 

was significantly correlated with bean acreage and coffee acreage. Millet acreage and 
production, sunflower acreage and groundnuts acreage were significantly associated with 

total acreage (P < 0.05). Finger millet income was significantly positively correlated with 

maize acreage and sunflower income. Except for groundnut acreage all other crops 
acreages and incomes thereof were significantly positively associated with total income. 

Groundnuts income was also significantly positively associated with total income, with 

maize acreage, groundnut acreage and bean income.

Quite unexpectedly possession of livestock was found not to be statistically associated 
with any finger millet cultivation parameter when considering all farmers interviewed 

(Table 13). More detailed analysis was however carried out to associate possession of 
livestock with important finger millet cultivation parameters among ox-ploughers only. 

Results of this analysis arc presented in Table 14. Possession of cattle was significantly 
positively associated with total acreage the farmers owned but not millet acreage, maize 

acreage, bean or coffee acreage (P < 0.05); and undermined groundnut acreage (r = - 

0.95***). It was also significantly related with number of wives and available workforce. 

Other associations arc as presented in Table 14.

Table 15 summarizes important data on farmer characteristics in relation to system of 

cultivation and location in Mbozi District. There is an indication that number of wives as 

well as household size and available workforce were greater in the slash and burn 
cultivation than in other systems; and probably this is related to availability of more land 

area for agricultural expansion as total acreage was also slightly more in the slash and 
burn system. The family parameters were least in the nkule system of cultivation. 

Average number of wives, household size, and workforce were highest in Msangano and 
Kamsamba (Lowland zone) and lowest in Vwawa. The number of wives per household 

and workforce were about the same in Igamba (coffee zone) and Ndalambo (Plateau
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1.3 10 95 5 41 0 47

1 5 0.82 8.4 40 47 3 30 52 34 0 56 63004 80 38 94360

1.5 0.82 8.4 4.0 4.7 3.30 5.2 3.4 0.56 63004.80.38 94360

1.0 0.0 5.6 2 36 30 1 59 2 5 0.4 0 52 8388120 33 222333
1.2 0 51 67 1.52 27 1 15 36 2 0 34644 50 40 0 20 68400

1.1 .25 6.1 1.9 2.8 1.4 3.0 1.2 0.44 24618.30.52 145366

1.5 0.55 80 3.16 5 0 3 34 4.3 2.9 2289100.40 0 22 65000
1.6 1.34 6.6 320 3.5 1.89 24 0.6 21017.50 25 0 19 60625
1.5 0.9 7.3 3.20 4.2 2.6 3.3 1.7 0.32 937.00.20 62812
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Millet acreage
Mean (Ha.) S D

Ridges 
Igamba 
Msangano 
Ndalambo 
Kamsamba 
Mean ridges
Overall means 
Igamba 
Msangano 
Ndalambo 
Kamsamba 
Vwawa

Ox-ploughing
Igamba
Msangano
Ndalambo
Kamsamba
Vwawa
Mean ox-ploughing

Ntumba
Igamba
Msangano
Ndalambo
Kamsamba
Mean Ntumba

Nkule 
Igamba 
Msangano 
Ndalambo 
Kamsamba 
Vwawa
Mean nkule

18
2.2

14
1 2
1.3
3.2
1 0
1.6

13 0
180

8.6
13.2

3.57
2 28 
5.93
3 30 
2.08 
3.4

1 82
6.4

5.2
7.2

4 6
4.2
4.5
9.2
20
4.9

40
6.6
3.8
7.2
2.0

2 50
2 99
3 30
2 50
0 00

2.3

2.6
4

4.6
40

84
5.7

50
3.4

0 56
0 88
0 72
0 92
1 08

1 04
0.84

0 84
0 60

• 14 
j !S

0 54
0.92

225000
247400

202200
315000

212420
333000
113175
148875
273333

84449 4
146000
53235 1
51519 4

166232 8
100287.3

102563 1
780000

1145513
98371.5

1.8
3

1.4
2.1
1.4
2.5
1.0

0.84
1.1

0 87 
045 
0.79 

1.5 
0.0 

0.72

8.5 
13.0 
7.6 
10 1 
6.3

7.5
8.0
8.8
11 7
63
8.5

7.4
90

Total acreage 
Mean (Ha ) S D

3.4
3.6
34
7.1
4.8

4.1
33
4.1
59
4 8
4.4

1 2
1.4
22
2.2
2.2
1.8

0 56
1 16
1 76 
0 80
1 08
1.08

360150 
351000
229317
72750
273333
257310

0 71
0 94
: 2.?
. 16

Cultivation system 
and location 
Slash and bum 
Igamba 
Msangano 
Ndalambo 
Kamsamba
Mean Slash and bum

No. of wives 
Mean S D

Household size
Mean s.D.

Workforce
Mean S.D

Table 15. Important farmer characteristics in relation to system of cultivation in Mbozl District

Total income
Mean (Shs.) SD
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zone). I lousehold size was slightly more in Igamba than in Ndalambo. Total acreage was 
greatest in Kamsamba while it was almost the same in Igamba, Msangano and Ndalambo.

(c). Socio-economic environment

In Southwestern Tanzania, like indeed in many other places in the Eastern and Southern 
African Region, finger millet is being produced under difficult conditions. Literature has 

sometimes reported of finger millet to be the “poor man’s crop” (Kochlar, 1986). The 

inherent cultivation mostly under extensive systems sometimes necessitates this assertion. 

The extensive systems arc usually associated with low level of mobilization of productive 

resources relying mostly on land and physical manpower of the farmers. Under these 
mostly natural conditions the farmer’s capacity to regulate the growing conditions of the 

crop for maximum productivity; - irrigation whenever necessary, soil fertility 

improvement; arc very much limited. Production under extensive conditions also impels 
remoteness, that is, longer distance from urban and semi-urban settlement; where 

population pressure is low and land area for extensive cultivation practices is adequate. 

This unfortunately also necessitates use of marginal land where productivity is inherently 

low. As a consequence farmers have to invest a lot of manpower, only to obtain very little 
yields; propelling more and more toiling with years of overall environmental degradation 

arising from extensive cultivation and increasing population pressure. This vicious cycle 

of limited productivity makes it very difficult to adopt any measures of increasing 

production for example with the use of artificial fertilizers; therefore the farmers remain 
in poor and marginalized conditions. Directly or indirectly their problem is made to 

persist under the influence of various externalities and internal forces that arc outside the 

farmer’s capacity to regulate alone. Below is made some discussion of the fundamental 

finger millet production influencing factors in Southwestern Tanzania.

i. The market
Being essentially a commercial crop in the subsistence economy finger millet is very 

much influenced by the market availability for the crop. There are usually two different 
markets for finger millet in any area of production - the local and external markets. The
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ii. Transport and communication

Some finger millet production areas in Southwestern Tanzania are not only remote; they 

arc inaccessible by any means of automotive transport. This is especially true during the 

rainy season. During this period, in the months between November and May, it is only 
the highway running from Tunduma - Sumbawanga that can be to some extent passable

external market is usually more reliable, the crop may be sold much more quickly, in 

bulky quantities and at good price. But this market is very seriously influenced by the 

remoteness with which finger millet is produced. There must be middlemen who go to 
the villages to fetch the crop to sell in the town; or the farmer must take the crop to the 

town market himself. The logistics of both of these are usually very difficult. The local 

market, on the other hand, is usually very unsuitable for any bulky sale. Only small 

quantities are purchased at any particular time, usually by local small businessmen who 
make local brews for sale. In areas where many farmers arc producing the crop the local 

market is very insignificant and prices arc very low. Sometimes those who make the local 

brews are also farmers who use their own crop so they will only buy from oilier farmers 

after they have already depleted their own stock of the crop harvest.

In many places there is an important component of finger millet production that involves 

selling of beer made from finger millet as the basic or additional raw material; rather than 

selling or consuming the grain. This is a very lucrative market, and farmers who are 

experts in brewing usually make the beer and sell to owners of or at the local beer shops. 

In this way finger millet when made into local brew can fetch up to more than 10 times as 

much cash as the grain crop. For example, while one tin (debe) of grain (about 20kg) 

fetched as low as Sh. 500/= (approx. 0.5$) one tin of finger millet beer known as 

kimpumu (about 20 litres) was sold at a fixed price of Sh. 2000/= (approx. 2.0$). Usually 
one tin of finger millet can produce about 3 tins of of the finger millet beer and up to 30 

or more tins of other beers like common (pombe za maji) according to some farmers; 

fetching Sh. 1500/= per tin. The brews other than kimpumu, nevertheless, also use other 
cereals (maize or sorghum) in place of finger millet and this adds to the cost of brew 
making.
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iii. Infrastructure
The problem of transport and communication is just part of the general problem of 

infrastructure in rural areas. Most places in the area of this research are very deficient of 
modern development establishments, - no clean water supply, electricity, water resource 

development for agriculture, facilities for excess crop storage; research, training and 

demonstration facilities etc. This makes the pace of agricultural development slow and 
robs the villages of manpower that find it more convenient to move to towns for better 

opportunities and living conditions.

The problem of transport and communication with respect to finger millet production is 

very serious. In some places, for example in many areas in Ileje District, the landscape is 
so sloppy and roads very stony or very muddy that movement of any motor vehicle is 

only with a lot of difficulty. Usually in most areas where finger millet is cultivated there 

is no commercial means of regular transport in the near vicinity. It is common for farmers 

when going Io market to move even more than 30 km on foot, carrying with them the 

crop they have to sell in the market. Not all villages arc also near roads even if there is 
motor vehicle transport. Moving more than 10 km is necessary from several villages to 

the roadway where farmers may board a passenger car. During this research farmers were 

met pedalling a bicycle more than 60 km to carry the crop to the market for sale and 
return the same day, for example from Kapele location in Ndalambo Division, to 

Tunduma (Mbozi District). With all these difficulties, nevertheless, farmers still strive to 
cultivate more finger millet (same with other crops) in order to obtain any extra cash. 

Communication, on the other hand, in terms of telephone and any similar means, cannot 

be spoken of in the finger millet production areas. Probably in all rural villages in the 

area of this research there is no even a post office.

(sometimes also not). Most of the rural feeder roads arc completely not passable when it 

rains heavily. There arc times and places where the only means of transport is with the 

use of tractor with trailer and even this moving with a lot of difficulty, sometimes taking 
several days in a few hours journey.



Table 16. Improved maize seed use among farmers in Mbozi and Sumbawanga.

Survey area

0

0

90(89.1%)11(10.9%)101 0Total

90

May use 

improved cultivars

6(20%)

5(7.0%)

Uses local 
cultivars

Type of
cultivar

H614 24(80%)

H614, Cargill 4141, 66(93%) 

Katumani, Kilima,
Ukiriguru

Sumbawanga 30

Mbozi 71

iv. Availability of inputs
Lack of use of agricultural inputs on finger millet accounts to a great extent for the 

general condition of the crop production in Tanzania. The same general conditions in 

relation to agricultural inputs can be observed with other crops. In Southwestern 

Tanzania finger millet is produced almost exclusively without use of any improved crop 
variety or any commercial fertilizer. All farmers interviewed use their own farm-saved 

seed of local and preferred variety in the area. There is very minimal use of any chemical 

fertilizer on millet or other crops. Maize is usually the model crop with respect to 

agricultural input use. Table 16 shows the improved crop variety use situation for maize 

in Mbozi and Sumbawanga (includes Nkasi District), a crop where improved variety use 

would be most pronounced. Only a few farmers indicated that they mav use some 

improved cultivars of maize occasionally, not regularly. Table 17 shows the situation 

with respect to use of chemical fertilizers. Only a very few farmers ever use any fertilizer 

on finger millet, even though quite a great percentage of the farmers would use fertilizer 

on maize, not on finger millet, if conditions allow. This is because they consider maize to 

be the more valuable crop. Up to 50% of farmers in Sumbawanga admitted that 

sometimes they find it imperative to use fertilizers on maize, but they arc most of time 
faced with financial limitations.

n Uses improved

Cultivars



Survey area Crop Uses fertilizer May use fertilizer Type of fertilizern

Mbozi 75

DAP, CAN.

91

Suinbawanga 30 Finger millet

Maize

Finger millet

Maize

3(4%) 

8(10.7%)

4(13.3%) 

9(30%)

1(1.3%) 

10(13.3%)

3(10%)

15(50%)

DAP, TSP, CAN,

S/A, UREA, 

D-COMPOUND.

As if the problem of availability of fertilizers is not enough, availability of these inputs in 

the areas of production is very problematic. In the area of this research in any sub-village 

settlement areas it is rare to find even a shop where people can purchase even the most 

essential commodities like salt and kerosene. For the few, small shops, only occasionally 

found in specific localities (mostly along major roadways) things like fertilizers and 

improved crop seeds are just not commodities for their consideration. Farmers who want 

to purchase seeds or fertilizers must fetch them from town. There arc places as far as 150 

- 200 km away from the nearest town center; for example from Mkutano to Tunduma. 

Farmers may need to purchase fertilizers from so distant place, with their own cost of

Table 17. Use of chemical fertilizers on finger millet and maize among farmers in 

Mbozi1 and Suinbawanga2.

1 Year 2(100 and 2001 surveys

2 Year 2000 survey

Therefore quite a small proportion of farmers ever use any chemical fertilizer, 

particularly on finger millet. It is interesting also to point out that the farmers who 

reported they were using chemical fertilizers on finger millet were very much location­

specific in both Mbozi and Sumbawanga (Table 18). This reflects a localized adoption of 

fertilizer use on this crop that has for a long time been produced in traditional ways that 

strive to sustain and where relevant maximize production without any financial expenses. 

Fertilizers are expensive. For the poor farmers cultivating the crop, any consideration of 

financial expenses jeopardizes all production plans.



money.

Area No. of usersn

Mbozi 75

Tunduma

3 3

Nambinzo

Utambalila
Sumbawanga 30 Mbuza

Mkowe 4 4

Mkwamba
Mpui

Total 105 7(6.7%) 4(13.3%)3(4%)
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transportation and their own carriage of the usually heavy products from the road to their 

home localities. This is just too inconvenient to farmers who, after all, do not have all that

Villagc/Location/
Division

Kapcle
Itaka

Sopa

Kate

Msangano
Nyimbili

Ndalambo

While arguing from the farmer’s standpoint it is fair to complain about lack of purchasing 
power and in-availability of agricultural inputs in the villages; the inputs market is also in 

crisis for lack of market. Statistics on fertilizer and improved crop seed purchases as 

percentage of the products requirements are presented in Tables 19 and 20. It can be seen

Total No. of Users
Mbozi Sumbawanga

Table 18. Location-specific use of chemical fertilizers on finger millet in Mbozi and 

Sumbawanga from results of survey conducted in 2000 and 2001.
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As concerning agricultural inputs finger millet sets an example of a highly successful 

indigenous system that makes a rather judicious use of naturally available resources; on 
one hand; while exposing a quite different situation with respect to modern agricultural 

technology use, on the other hand. The farmers practices have focused on sustainability 
in their usually difficult, remote agro-ccological environments; striving to avoid the 

ambiguity they experience in attempts to tap from the external, modern agricultural 
system. This outlook has made great success in some instances. For example under good 

soil fertility the various finger millet cultivars that farmers use can give as good or 
sometimes probably better than normal yields reported in literature with use of modern

that in most instances only a small proportion of the targeted fertilizer or improved seed 

requirement is purchased. Most of the required quantities arc not purchased because there 

is no market lor that. Suppliers of the different agricultural inputs usually distribute the 
products based on previous season purchases. There has never been a problem of 

acquiring adequate planned quantities of these inputs to distribute to the farmers if the 
market was good. Even if the various distributors/suppliers of the different agricultural 

inputs could open shops in the villages they would not be able to sell much and make 
profit. As a result of this therefore most agricultural input suppliers restrict their activities 
in town areas and farmers must meet the transport cost. For example in Mbozi District the 

most important distributor of agricultural inputs, TFA (Tanganyika Farmers Association) 

has a branch only in Vwawa, the District Center. Farmers or more retail traders have to 

fetch the products there to their own localities. There also seems to exist a relationship 

between remoteness of an agricultural area from major urban and commercial areas and 
farmer’s behaviour on agricultural input use, even if these inputs could be availed. This is 

related to the overall economic efficiency of the agricultural system operating in the area. 

Near urban centers, for example near Tunduma, Vwawa or Mlowo in Mbozi District, 

farmers can sell excess of their crop products immediately because the market is always 
ready. 3 hey can then re-invest the cash they obtain in agricultural inputs. In remote areas 

market outlets arc so ambiguous that any consideration of investing in agricultural inputs 

is very risky.
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vi. Knowledge systems
Unlike many other crops where cultivation has been associated with modern agricultural 
development initiatives, finger millet cultivation has remained to a great extent traditional

improved varieties. Under specific indigenous systems of soil fertility replenishment for 

example the nkule or slash and burn systems yields arc sometimes better than 

experimental yields reported in literature with use of artificial fertilizers (discussed more 
in chapter 4). Such examples make it difficult to advocate modern practices as a sound 

replacement to the indigenous systems in specific environments like the nkule mhuga 

areas.

v. Research and training

Among most important infrastructure that would contribute to improvement of linger 

millet production among other crops is research. In Tanzania research work conducted on 
finger millet has been very limited. A finger millet production ami improvement research 

program was initiated in 1970/71 at the Uyolc Agriculture Centre as part of a more 
generalized sorghum and millet program, but was given no priority in funding and could 

not develop successfully long enough. It was shelved in 1979 because maize, beans, 

wheat, rice and Irish potatoes are much more preferential food crops in the Southern 

Highlands and were given more priority (Mwambenc, 1986). The research was revived in 

1991/92 and is continuing at a low profile because finger millet is still not being given 
any priority consideration in funding. So practically no any tangiable research findings 

have been obtained on finger millet in the country. The problem of training of village 
level agricultural advisory service staff has also been challenging. Recently agricultural 

training colleges and institutes in the country have been substantially reconsolidated for 

lack of funds, resulting in massive reduction in enrollment. At the same time employment 

in most civil service departments including agricultural extension staff has severely 
ceased. This eventually leads to impaired agricultural advisory service which is a very 
important infrastructural investment for any anticipated agricultural and rural 
development. Data on agricultural extension staff distribution in different localities is 

presented later in this section.
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and its development has mostly followed an indigenous course. There arc many reasons 

explaining why finger millet has persisted to be produced in traditional ways. The first is 
its originality most probably as an East African crop and it’s not being cultivated in the 

modern world. The modern course of crop development therefore concentrated on it’s 
own crops with little attention to less universal and marginally recognized crops like 

finger millet in the modern westernized system. During colonial times crop development 

strategies focused on crops that were already significant in the modern crop and food 

market, neglecting the more traditional ones. In other words the colonial system was 

much more involved in introduction of methods of production and products that they 

were already conversant with and as these were to compete with traditional systems most 
of the traditional systems were suppressed. Thus the more traditional crops like finger 

millet; also sweet potatoes, cassava, yams, pigeon peas and cowpeas were neglected. This 

resulted in their production systems mostly following the traditional course frequently 
resulting in stagnation, decline or abandonment, unless there was a very special incentive. 

Another reason is the usual tendency of modern knowledge systems to neglect and ignore 
traditional systems. This may be baseless, but when the notion to neglect the primitive, 

the traditional, predominates; no one looks for scientific basis. There is no reason for 
example why the plain-land nkule system of finger millet production has not been very 

much maintained for the reasons of it’s environmental suitability and excellent yields 

obtained, as it will be evidenced later in next chapter.



percentage of

Crop/Fertilizer/Variety

1997/98

75 33.4 44.5

5 1.7 34

CG4141 5 1.1

CG4142 10 0.6 6

CG614 5 0.2 4

116302 5 0.2 4

UCA 45 0.2 0.4

Kilima 3 0.1 3.3

Sesame 50 0.56 1.1

Sunflower 97

1998/99

75 38.5 51.3

5 0.4 8

CG4141 5 0.9 18

CG4142 10 1.3 13
116302 5 1.6 32

UCA 45 19.8 44

Kilima 3 11.75 391.7
Sesame 50 5.44 10.9
Sunflower 97

Fertilizers CAN 9000 544 6
UREA 3000 387 12.9

S/A 500 425 85

DAP 500 610 122

Booster 461
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Source: Mbozi District Agriculture and Livestock Development Office 2000/2001.

* Calculated from the original official statistics.

Purchase as percentage 

of requirement *

Table 19. Fertilizer and improved crop variety seed purchases as 

requirement in Mbozi District.

Maize Variety 11614

11632

Maize Variety H614

11632

Rcquremcnt Quantity purchased 

(metric tons) (metric tons)



Crop/l-'crtilizcr/Variety

60

14.82.9520

CG4141

116302 10

1000.50.5

40kg

17.835.6200DAI’/ I SP
8.953.5600UREA

6.840.6600CAN

21.921.9100S/A

53.7500S/A
43.3485.11120CAN
25.6716.22795UREA

15DAP
59.22647.14472NPK
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Table 20. Fertilizer and improved crop variety purchases as percentage of requirement in 

lleje District and Rukwa Region (Sumbawanga).

Rukwa Region 1999/2000

Fertilizers

Requirement 

(metric tons)

Quantity purchased 

(metric tons)

lleje 1999/2000

Maize. Variety 11614

Kilima

(1998/99)*

268.6

Purchase as percentage 

of requirement**

Sunflower. Variety : Record

Pyrethrum (Seeds for nurseries)

Fertilizers

Source : lleje District Agriculture and Livestock Development Office 2000/2001.
Rukwa Regional Agriculture and Livestock Development Office 2000/2001.

* Data for previous year (1998/99) purchases. Data for the actual year 

(2000/2001) was not available.
*• Calculated from original official statistics.
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Another reason for persistence of the traditional ways of production of finger millet 

relates to it’s inherently being produced in marginalized environments as a result of its 

affinity to extensive systems. This makes the mechanisms of modern agricultural change 
remote, therefore predominance of the traditional ways.

The official agricultural educational support system is difficult to maintain. It needs 
funding for motivated staff, it also needs dynamism, proper co-ordination and sustainance. 

All these are usually difficult to achieve especially in remote and marginalized areas such 

as those in which finger millet is produced. In this research among important problems of

Probably the most important among determinants of the level and conditions of 

production of finger millet in Southwestern Tanzania to-date is the overall promotional 

campaign focusing on the crop. As already explained research on linger millet in 

Tanzania has been conducted to a very limited extent. Traditionally in the country there 

has been a strong link between crop promotional campaigns and research. For example 

during on-farm testing of technologies developed or investigated in Research centers 

farmers may benefit from observation, participation and planned demonstrations as part 

of promotional campaigns. More promotional campaigns arc usually organized during 
Field Days (or Farmers Days) usually administered jointly by research and agricultural 

extension departments. Therefore where research publicity is not available crop 
development has also been restricted. This is quite natural, for farmers cannot be 

approached without information or news. The only important information that 
agricultural extension staff could advice finger millet farmers with was to adopt methods 

of production that arc only found in literature and have not been locally tested. Most of 

the available literature docs not detail on indigenous traditional systems and this makes 

extension approach difficult unless sound alternatives arc suggested. Appropriateness of 

what is advocated in literature, for example use of commercial fertilizers, also poses 

problems when considering the socio-economic conditions of the mostly subsistence 
farmers. Farmers can simply not manage the cost of the usually commercial agricultural 

input technological package that constitutes most agricultural extension and education 
service advices.
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Among finger millet farmers statisties from a sample of 60 farmers interviewed in Mbozi 

District show that overall about 80% of farmers have obtained formal education with 

about 58.3% having at least completed primary education. Among those educated about 

21.6% were having education below Std. 7. Few farmers (6.7%) were educated above Std. 

7. 0 (Table 22).

An attempt to inter-relate finger millet cultivation with level of education did not reveal 

any substantial information. As shown in Table 23 finger millet acreage or yield as well 

as total acreage owned by farmer households cannot statistically be distinguished (P < 

0.05). Farmers without any formal education were having statistically the same acreage 

as farmers with formal education and were obtaining the same yields. Investigation of 

household characteristics, however, revealed that farmers without formal education were 

having more number of wives than educated farmers (P < 0.05). Farmers without formal 

education were having an average of 2.5 (=3) wives per household while those educated 

beyond primary school were strictly monogamous (Table 24). Majority of educated

Farmer's illiteracy is also an important factor in the local knowledge system related to 

agricultural activities. More educated farmers arc usually more knowledgeable, they arc 

more open to new ideas, more enthusiastic to improvement and change and are better in 

planning and making follow-up on important decisions.

agricultural extension and education service encountered were shortage of agricultural 

extension staff. In Mbozi District, only 48.8% of village extension officers (VEOs) posts 

were filled; while it was only 22.1% for Ilcjc District and only 9.1% for Sumbawanga 

Rural District (1’ablc 21). This problem in staffing must be contributing substantially in 

overall efficiency of the agricultural educational service system. Even though farmers’ 

condition is difficult for adopting many agricultural innovations, presence of agricultural 

advice is necessary even on ways of improving traditional techniques; changing 

perceptions towards improved technology, planning of farm activities and alternative 

strategics, linkage with research and input supply services, demonstration of improved 

techniques and readily available advice to local Government authorities.



also farmers without formal education that were having among largest household sizes;

even though statistically there was no much difference.

Table 21. Village Agricultural Extension staff distribution in Mbozi. Ilcje and

Sumbawanga Districts.

Number ofDivision Number of

villageswards

Mbozi District

4 26 16 10

6 43 23 20

3 20 5 15

Vwawa 5 36 25 11

Ndalambo 6 37 2611

2 8 3 5

170 83(48.8%) 87(51.2%)

8 32 9 23

Kafula 3 17 2 15

Lubanda 5 19 4 15

Total Ilcje District 16 68 15(22.1%) 53(77.9%)

5 27 3 24

Mwimbi 7 42 2 40

5 29 4 25

3 15 3 12

Mtowisa 3 18 0 18

4 20 3 17

2 13 0 13

29 164 15(9.1%) 149(90.9%)

100

Kipeta

Kasanga

Total Sumbawanga

Mpui

Laela

Sumbawanga District

Matai

Ilcje District 
Itumba

lyula

Igamba

Kamsamba

Number of villages 

with VEOs

Villages without

VEOs

Msangano

Total Mbozi District 25

farmers were monogamous. Analysis of household size distribution revealed that it was

Source : Mbozi, Ilcje and Sumbawanga (Rural) Districts Agriculture and Livestock 

Development Offices.
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HouseholdNo. ofYield

wives size

9.65.360.80 1.31No formal education

1.28 3.04 9.71.64

0.60 4.96 6.11.17

Secondary education 0.44 7.71.31 3.24 1

8.3Mean 0.87 1.27 4.15 1.6

SD 1.26 0.58 4.49 4.61.1

Probability NS NS NSNS 0.04

NS = Not significant (P < 0.1).

Table 24. Percent distribution of number of wives and household size in relation to level of formal

education among farmers cultivating finger millet in Mbozi District.

Education group Household sizeNo. of wives

11-151 5 - 10> 1 > 2 5 < 5
20No formal education 2020 4080 80 20 20

16.7083.3 16.7 16.7 66.70 16.7
05.378.9 21.1 68.410.5 0 26.3
025100 0 750 0 0

n = 60

102

Not completed Std. 7

Completed Std. 7 

Middle school or

Not completed Std. 7

Completed Std. 7

Above Primary education

Total acreage 

(ha.)

Tabic 23. Acreage, yield and household characteristics of finger millet farmers in relation 

to formal education in Mbozi District.

It is interesting also to note about technological awareness of farmers in relation to finger 

millet production. Table 25 illustrates data on farmers’ technological awareness test 

conducted at Kakozi Village. This test was conducted with respect to use of improved 

crop varieties or artificial fertilizers. Overall all farmers showed that they were aware of 
the improved technology (varieties, fertilizers, pesticides) even though they were not 

practicing them.

2.5 (= 3)

1.6 (= 2)

1-4 (= 1)

Finger millet

Acreage (ha.) (t/ha.)

> 15
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vii. Agricultural intervention

Among different socio-economic parameters that in one way or another may have 
influence on the characteristics and performance of finger millet farming systems include 

interventions of various forms. These interventions may influence the farming systems 

directly or indirectly, in a positive or negative way. In this discussion they include 

various policy issues and local community organization for agricultural development.

(a). Legislation

The slash and burn agricultural practice with finger millet is usually in conflict with 

Government legislation on conservation and use of forestry resources. Under the law 
clearing of woodland for cultivation is either prohibited or restricted. Authorization to 

clear woodland for cultivation must be sought before cutting any trees, unless the land 

area has been previously under cultivation and the farmland is already known to belong 

to the farmer. A fee must be paid for clearing and burning restricted areas; sometimes 

prohibition is made on specific tree species. Farmers are usually free to expand their land 

holdings in woodlands but they must obtain authorization from local authorities. A 

Forestry Officer must inspect the area and identify any prohibited tree species. A very 

heavy fine is usually paid if a farmer fells and burns trees in a woodland area without 

prior consultation of local authorities. These restrictions have simply led to a drastic

Even though it is difficult to tell what among farmers’ achievements and actions is 

directly a result of the level of education, farmers who have at least primary education are 

more confident in planning and implementing their activities, can make decisions better, 

are less tied up to illusions on issues that un-educatcd farmers cannot resolve for example 

written description on use of new agricultural inputs, can keep farm records and budget 

on their priorities and goals, can receive advice more conveniently, can conduct 

participatory research and demonstrations and can be involved in data recording and 

interpretation of results, can participate in farmers training and can be trainers of other 

farmers; they arc simply more likely to benefit from the agricultural knowledge system 

and develop skills and innovations that solve their local problems.
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decline in slash and burn agricultural practices. The Forestry Ordinance in force here was 

in effect since 1957 (Tanganyika, 1958) and according to the District Forestry Officer, 

Mbozi District: the law was under review in the Parliament at the time of collecting this 

information. Even though law enforcement in Tanzania is in particular issues very weak 

and un-dctailed, concerning slash and burn cultivation particularly in Mbozi Distict 
where this practice is a very well perceived production technique, forestry officers and 

Government officials arc very strict and there arc incidences of farmers being punished 
very severely for contravenancc of the law. In one incidence during this research a farmer 

was complaining of having paid Shs. 40,000/= for having slashed, burned and cultivated 

finger millet in a woodland without relevant legal consultations and near a road where 

Government Officials could easily see the slash and burn field. This farmer had to sell his 
cattle to pay for the offence. The finger millet crop he harvested eventually was not as 

valuable and everything was regretable. Usually, the most likely source of revenue in 

village local Governments is from criminal offences conducted by various people in the 

village, and fines from contravcners of forestry law in slash and burn agriculture and 

charcoal making contributes quite significantly.

(b). Local community organization and agricultural credit.

Agricultural change may usually be influenced by community structure in addition to 
individual farmer effort. When farmers become organized in groups their impact becomes 

more sound in relation to activities they perform. Realizing this farmers in Southwestern 

Tanzania have been attempting to organize themselves into various production and 

marketing groups that enable collective activity. Various unregistered groups of farmers 
particularly women, for example, are involved in making and selling the local beer in the 

area. Collective groups enable more financial power to purchase finger millet and other 

raw materials (other grains) for making the brews; they also enable labour saving when 

members of the group share activities of the group. It also makes selling and 

advertisement of the products more efficient. Group-work also enables exchange of ideas 

on new projects; planning and evaluation. Farmers in groups are able to obtain advice 

from subject matter specialists more easily and can learn about new methods with less 
difficulty. Registered organized groups arc able to obtain loans and credit and through
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Credit obtained through farmer groups can be used to purchase agricultural inputs such as 

fertilizers, implements such as ox-ploughs, oxen, ox-carts etc; crop haulage to the market; 
and various projects such as brewing.

collective savings they build their own capacity to invest in various small projects.

There are two important organized farmer groups in the areas of finger millet production 

that arc essentially concerned with credits and savings for agricultural and related 

activities. These arc Savings and Credits Associations (SACAs) and Savings and Credits 

Co-operative Societies (SACCOS). SACAs are also known as “Benki Kata" (ward banks). 

They operate as small financial banks restricted to their respective administrative 

locations (i.e. wards). Each SACA consists of 5-10 members, not more; and they are self­
mobilized, self-coordinated and operate freely without any legislative intervention. 

SACCOS arc cooperative societies that arc not necessarily location-specific but they 
serve particular interest groups. In Sumbawanga Rural District, however. SAC COS were 

found to be organized on village basis. In both SACA and SACCOS members had shares 

in the group; and they could obtain credit for various activities from the District Credits 

Committee and from NGOs such as 1EAD and ADP Trust Fund. Tables 26 and 27 show 
the various farmer groups that were operating in Mbozi and Sumbawanga Rural Districts.

In Mbozi District in Nyihaland there was also various Coffee Farmer Groups 

(Cooperatives) that were related to finger millet production in one way or another. Coffee 

increased household cash income therefore overall ability to improve production of even 

other crops. When a household had cash it could plan for more production; also more 

objectively. The coffee groups usually receive agricultural inputs such as fertilizers on 

credit. Farmers occasionally took the inputs in excess for use in crops other than coffee. 
Sonic of the farmers who were using or claimed they could use fertilizers on finger millet 

also indicated that they would obtain the fertilizers on credit as they received through 

coffee groups. The credits were usually discounted for while selling the coffee crop; thus 

other crops that used the inputs channeled through coffee benefited directly from coffee. 
According to District’s Community Development and Co-operatives Officer (Mbozi 

District), most of the farmer groups were performing very well but were still at an
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35

15455

Table 27. Savings and Credit Associations (SACAs) in Mbozi District.

No. of GroupsAssociation Local ion/Ward
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Igamba 
Itaka 
Nambinzo 
Ihanda 
Tunduma 
Isandula 
Chiwezi 
Mlowo

Juhudi SACA 
lhaba SACA 
Muungano SACA 
Ukombozi SAC'A 
Unyamwanga SACA 
Tumaini SACA 
Makini SACA 
Upendo SACA

114
129
24
86
14

98
70
72
75
82
37
44
54

49
6

14
2
7

42
12

31
30
25
21
24
13
12
16

73
52
56
62
54
28
24
42

163
135
38
88
21
42
47
19

209

Katazi Village 
Ninga Village 
Katazi Village 
Muze Village 
Mkima Village 
Katazi Village 
Matai Village 
Sopa Village 
Matai Village 
Kisungaimle Village 
Tatanda Village

Mbozi District 
Msia SACCOS 
Nyako SACC OS 
Ruma SACCOS 
Lwati SACCOS 
Upendo SAC 'COS 
Jitegemee Mbimba SACCOS 
Wambo SAC 'COS
Mbozi Wastaafu SACCOS 
Mbozi Teachers SACCOS 
Sumbawanga (Rural) District 
Tupendane SACCOS 
Jitegemee SACCOS
Juhudi SACCOS 
Tumaini SACCOS 
Katwezyc SACCOS 
Tujiendelcze SACCOS 
Jipemoyo SACCOS 
Mwongozo SACCOS 
Chimilangu (A) SACCOS 
Kazombo SACCOS 
Ifulo Farming Group

No. of members
Males Females

Number of members
Female Male Total

Table 26. Savings and Credits Cooperative Societies (SACCOS) in Mbozi and 
Sumbawanga Districts.



Tabic 28. Agricultural support projects in Mbozi, llejc and Sumbawanga.

Area MBOZI 1LEJE SUMBAWANGA

Project

MBEPA, CMU, SHDDP

3.4.5. Discussion
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NAEP 11
ADP

MBEPA

SHDDP

IFAD

CMU

National Extension Project (Ministry of Agriculture).
Agriculture Development Trust Fund

Non-Governmental Organization (NGO) supporting agricultural activities.
Mbozi biogas Energy and Environmental Protection Association.

Southern Highlands Dairy Development Project (NGO).
International Fund for Agricultural Development.
Coffee Management Unit.

(c). Agricultural support projects.
Farmers cultivating among other crops finger millet can benefit directly or indirectly 

from activities of different agricultural support projects operating in an area. The projects 
may provide advice to farmers using their staff stationed or operating in specific localities, 

or demonstrate improved production practices to farmers. Some provide facilities that 

enable extension staff conduct their work effectively; for example motor bikes, bicycles 

or motor vehicles. They may conduct seminars and workshops that involve farmer 
training or training of extension staff; they may prepare leaflets or audio-v isual materials 

for farmer training; etc. Below arc various agricultural support projects that were 

operating in the area of research at the time of this survey:-

A: Determinants of farming systems
Previous sections have been describing and interrelating the different aspects of farming 

systems. Systems with multi-dimensional interactions, like farming systems, are very 
difficult to describe without special attention to matters and phenomena that are

NAEP 11, MBOZI ADP NAEP II, ADP NAEP II, IFAD



109

overlapping. A system in its characteristics must have interactions; and is complex. In 

this study locus has been on the finger millet crop and its cropping practices, other 

farming activities notably livestock keeping, household characteristics of the farmers and 
the socio-economic, socio-cultural and physical environment. It is only when the inter­
relationship between all these aspects has been established which is in this study termed 

‘"component analysis”, that the question of farming systems is properly answered. The 

different sections of this chapter have attempted to establish these relationships within 
limits of agricultural interpretation. In this section few more aspects of the farming 

systems are discussed to pin-point aspects that need more clarification. In the discussion 
various determinants of the characteristics of the farming systems will be explained in 

much more detail. These determinants are conveniently categorized as historical 

determinants, physical environmental determinants and socio-economic determinants.

(1) Historical determinants.

Any farming system is an evolutionary process of agricultural change with time. At any 
particular time a farming system identified in any place is a reflection of events that have 

been happening in the past and are happening at that time. Therefore historical 
considerations are very important in characterizing farming systems especially in a crop 

like finger millet, whose development has mostly followed an indigenous course. 

Considering cultivation systems, for example, we find that all systems farmers arc 

practicing to-date have their origin from primitive agricultural tendencies in extensive 

environments. We also find that indigenous knowledge systems have been the basis of 
adaptive strategics that account for the development of the currently practiced cultivation 

systems. There is literature describing the evolution of the ntumba system of cultivation, 
for example, from the slash and burn agriculture (Stromgaard, 1989). Analysis of ox­

ploughing, ridge and nkule systems also reveal their originating all from more extensive 

systems notably slash and burn system, usually in reaction to the need for more intensive 
use of land. For the reason that modern agricultural practices (intensive cultivation) have 
not yet been to any significant extent adopted particularly in finger millet cultivation, 

most farmers practice traditional methods transmitted from previous generations and this 
is likely to continue for a longer period in the process of modernization. One obvious
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problem to this trend is notable environmental changes that can be traced from the 

different cultivation systems. There is especially severe transformation of the woodland 

vegetation towards shrub and grasslands and permanently cultivated lands. This can be 

directly related with finger millet cultivation. All farmers interviewed describe finger 

millet as an exclusively important staple food in the past (prc-colonial period up to a little 

while after independence (early 1970) when simple shifting cultivation tendencies were 

almost completely halted. During this period slash and burn practices were very common. 
Population pressure was low and there was much woodland area for slash and burn 

cultivation. This was however gradually depleting natural woodland vegetation in the 

areas, only leading to regenerated woodlands after long periods of fallow. This is what is 

observed in almost all areas where there is still some woodland remaining. Most of the 

original natural tree vegetation has been previously in a period of not less than 30 - 50 

years removed for finger millet cultivation. Except for forest reserve areas, most of the 
woodland that is remaining in the finger millet production area nowadays is of young, 

low growing trees and shrubs. Most of this can be found particularly in Ndalambo 
Division; and this is where farmers arc now mostly practicing ntumba and long fallow 

ox-ploughing. In Igamba Division, also in Mbozi District, woodland vegetation has long 
been depleted for opening up coffee fields and accommodating a more dense population; 

while in Kamsamba and Msangano Rift valley areas woodland vegetation is mostly 
scattered Acacia trees, shrubs mostly of thorny nature and vigorously growing perennial, 

semi-perennial and annual herbs. These are not very much influenced by cultivation 

system, and most farmers practice ox-ploughing which is now considerably a stable 

system. In Sumbawanga, where most farmers arc well settled with ox-plough cultivated 
fallow system, woodlands to them nowadays arc of little significance. These farmers have 

a longer history of solving the problem of manpower limitations in finger millet 
cultivation with ox-ploughing; and probably also a longer history of adaptive change 

from woodland-dependent systems (slash and burn, long fallow ntumba and ox­
ploughing) to grassland-dependent systems. Among the Fipa of Sumbawanga (and Nkasi) 

in Rukwa Region even those farmers who are still practicing ntumba (mound) system are 

practicing it in grasslands, in Nyamwangaland in Mbozi District most farmers practicing 
ntumba system arc doing it in woodlands or at least shrublands. Throughout the finger
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Evolution in Nyihaland seems to have followed a different trend, beginning from slash 

and burn cultivation from time immemorial. When woodland vegetation was opened for 

grassland vegetation the nkule system was invented, (believed to have originated from the 

Nyiha). This enabled even the utilization of the seasonally flooded lowland flatlands,

Eig. 17 summarizes more the historical or sequential changes of farming systems in 

reaction to environment and inter-cultural diffusion of knowledge and experiences. The 

figure shows original prc-dominance of ntuniba (Fipa mound) systems in Fipaland and 

slash and burn systems in Nyamwangaland and Nyihaland, which were successively and 

gradually transformed into newer systems.

millet cultivation area, using woodland vegetation as criterion, there is an obvious 

ecological stress that is leading its way swiftly towards bare land without trees. Because 

population and habitation of woodland areas arc also increasing, it is difficult, however, 

to relate this depletion of natural vegetation to agricultural activity alone. It can be argued, 

however, that throughout the finger millet production areas in Southwestern Tanzania, 

cultivation technology seems to follow the reverse order of woodland preservation from 

Fipaland (origin of ntuniba cultivation) and Nyihaland where break-down of slash and 

burn cultivation evolved the nkule system to Nyamwangaland where there arc still 

comparatively rich woodlands.

In Fipaland as soon as ox-ploughing was introduced in early 1950s, the Fipa abandoned 

mound system and quickly adopted ox-ploughing, to the extent that farmlands increased 

and most of the Fipaland now is vegetated with secondary grasslands of cultivated fields.

The Nyamwanga adopted the ntuniba (mound) system probably from Fipaland, later on 

after 1950s they adopted ox-ploughing. Development of ox-ploughing in 

Nyamwangaland in the plateau has been at a slow pace, so that the ntuniba system still 

forms a very significant proportion of cultivation technology in Nyamwangaland. 

Complimentary to the ntuniba system the Nyamwanga also adopted the ridge system, 

believed to have diffused from mountainous tribes of Ileje.
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(mbuga), which so far arc not known to be cultivable with other techniques. As intensity 

of slash and burn and nkule cultivation techniques surpassed environmentally sustainable 
limits, however, the Nyiha adopted ridge cultivation and ox-ploughing. The ridge system 
was introduced from Nyakyusaland and ox-ploughing from Europeans. Adoption of ox­

ploughing in Nyihaland is known to be exactly the same time the technology was adopted 

in Fipaland, in 1950s. The Nyamwanga seem to have adopted the nkule system from the 

Nyiha.

While technological systems have been changing, there has also been changes in the 

motivation to cultivate linger millet. After 1950s or so when ox-ploughing was 

introduced maize cultivation increased and it is now the staple food in place of finger 
millet. Increasing importance of maize as staple food did not however extinguish the 

motivation to cultivate finger millet, instead it led to more commercialization of the crop. 
It is interesting to note that even in present day socio-economic, monctarizcd and almost 

exclusively market oriented environment, finger millet production is still performed 

under indigenous and traditional technological conditions. This signifies the importance 

of indigenous farming systems in modern practice and probably calls for re-evaluation of 

indigenous systems as sustainable development pathways.
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1 ig. 17.
Successive changes in farming systems in 
relation with environmental stress, cultural] 
diffusion and socio- economic change.

Nyiho-tand
/

I
Commercialization 

of Finger millet

(2) Physical environmental determinants.

In previous sections we have made identification of finger millet farming systems as 

shifting cultivation and fallow systems with some degree of continuous cultivation. All 

these systems represent land use characteristics in relation to the physical environment. 

Shifting cultivation practices are only possible, for example, where land availability 

permits comparatively much longer periods of fallow than the period of cultivation. It is 

therefore most practical in areas with woodland vegetation. In relation to human 

settlement it is also practical only in areas where population density is low. Soil 

plowability is determinant of the use of ox-ploughing; in heavy soils where the soil 

becomes very hard when dry or very muddy and sticky when wet the use of ox-ploughing 

is limited. Ox-ploughing is also not suited to very sloppy areas and this is why it is not 

practiced by finger millet cultivating farmers in lleje District.

Fipa-lci; .

I p
Nyam

(From Nyakyusa-land) 
1950sNyiha-scmd
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The slash and burn system of cultivation is only practical where there is wood vegetation 

sufficient to allow slashing and burning for release of ash. Because there must be slashing 

and burning new land area every cropping season this system is difficult to maintain in 

any environment. This is why in most places farmers are forced by circumstances to 

abandon slash and burn cultivation and practice other systems. In Sumbawanga and 

Nkasi Districts farmers were found to cultivate finger millet mostly in grassland areas 

and slash and burn cultivation was not observed in any place. In Mbozi District the 
system is practiced in very limited extent for reasons of environmemal conservation, 

depletion of woodland vegetation due to previous cultivation activities .nd Government 

legislation. In lleje District farmers still practice slash and burn cultividon io a greater 

extent on woodlands or in herbaceous vegetation that is usually tall and very dense 

allowing obtaining substantial quantities of ash after slashing and burning.

Whether farmers adopted the ridge system intentionally or incidentally for environmental 

conservation, this system has proved to be of indispensable use in areas where run-off 

losses of soil are high. Cultivated usually across any slope in the field, ridges also ensure 
good drainage when rainfall is excessive even though finger millet does not benefit from 

this because ridges arc usually broken and the land surface made Hat or level prior to 

sowing. In addition to soil conservation ridges ensure maintenance of soil fertility 

through incorporation of green vegetative materials into the soil during cultivation. These 

organic materials arc usually allowed time to decompose prior to leveling of the ridges 
and/or sowing, improving soil fertility and structure. The ridge system of cultivating 

finger millet is practiced mostly in Nyamwangaland and to a less extent in Nyihaland; 

rarely if at all, in Sumbawanga (Rukwa) and lleje.

The nkide system of cultivation is peculiar in characteristic in that it is practiced in 

environments where no other crop is usually cultivated. These arc usually wastelands or 
watersheds that arc water-logged during most of the cropping season and arc very 

seriously infested with difficult-to-removc weeds. It is only through the nkule system that 
farmers have managed to open up these wastelands for crop production, and it is almost 

finger millet only that benefits from this system of cultivation.
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Under natural circumstances necessitated by increasing population pressure and declining 

land availability, permanent settlement has several advantages. It encourages community 

development via casing provision of social services for example schools, health facilities, 
clean water supplies, permanent communication and transport; etc. It also encourages 

farmers to learn about intensive management of their restricted land ownership that 

becomes their personal heritage.

(3) Socio-economic determinants

Among most important determinants of farming system is settlement system. Socio­

economic analysis of farming system usually centers on the farm household, resources it 

manages and the surroundings where it is settled in relation to the society in which it 

belongs and what determines the mechanisms of existence. Most fundamental in the 
sociology of farming systems is probably the association of farming system with 

settlement in shifting cultivation. In this study it has been found that even though shifting 

cultivation is being practiced all farmers are settled in permanent localities. It is therefore 

not simple shilling cultivation where dwellings shift with cultivated land but well in place 
at recurrent phase (FAO, 1978). Farm dwellings arc permanent in settled villages; it is 

only the cultivated fields that shift frequently. There is no more “vast wilderness” where 
farmers can move to as their settlement fields are in need of soil fertility replenishment. 

All uncultivated land is controlled by Village local Government Authorities. Shifting of 
dwellings within a village is un-rcasonable and moving from one village to another for 

agricultural reasons is only with due consultation of Village local Government 
Authorities. With this setup therefore farmers have to exercise their cultivation activities 

within a restricted and fixed land area and this is a great impcdcnce to shifting cultivation 
practices such as slash and burn. Permanent settlement of farm dwellings is an important 

step towards rotation and fallow systems.

Being a commercial crop, the market available for finger millet is an important 

determinant of the level of it’s cultivation. For search of cash farmers strive to cultivate 
as much finger millet as resources and manpower availability allow them. They also 

attempt to adopt cultivation methods that enable them maximize production or
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Even though the quest for maximization of production or productivity per unit of land has 

already been mentioned in this section, it is important to stress on the overall economic 
efficiency of a system as a strong determinant of the status of the level of its adoption. 

This explains to a great extent the level of production and the extent to which farmers 
take advantage of finger millet cultivation. The great majority of the farmers produce the 

crop for cash and for this reason all farmers would be willing to increase production.

As previously stated, the overall socio-economic background of finger millet farming 
system is centered on the farm household. The household’s capabilities is what 

determines the level of production. Available workforce, which is reflection of family 

size, marital status, gender and age distribution is determinant of how much farm 

activities can be carried out. Possession of oxen for cultivation reduces workload and 
enables cultivation of more acreage. Possession of more cash income can be a stimulant 

for adoption of better methods of cultivation. All these and related aspects have been 

discussed in much more detail in previous sections.

The question of market available for finger millet has been discussed in detail in previous 
sections. It suffices to say here that because finger millet has very good storability, 

farmers can speculate the market for their crop harvest as much as thev wish. For the 

reason that they can store and sell the crop even after many years after harvest. the only 

limit for their maximizing in production is quality of land available and the extent to 

which they can invest on manpower; otherwise on consideration of market they can 

produce as much as they can and speculate for as long as they can manage. The influence 
of finger millet market on any system of cultivating the crop is therefore positive and 

complimentary.

productivity per unit of land, such as ox-ploughing, slash and burn or nkule cultivation. 
Thus the endeavour for cash income is a very good stimulant for finger millet cultivation 

and farmers attempt to practice cultivation techniques that enable them maximize 
production or yield. Unfortunately they don’t have money to invest on chemical 

fertilizers, so they rely more on natural fertility.
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The other way of achieving economic efficiency with increasing yield is a very 

challenging task. All cultivation systems prioritize this goal whose natural limit is mostly 

the physical environment. The most obvious way of increasing yield in the prevalent 

socio-economic situation is improvement of soil fertility. Most or probably all cultivation 

systems attempt to maneuver the soil fertility as a sure way of increasing yield and the 

extent to which they can do this is what can substantially distinguish between different 

systems. There is an obvious role of ash and soil burning in improving soil fertility in the 

slash and burn and nkule systems and farmers get very high yields from these systems

of dealing

cultivating 

ploughing.

adopted ox-ploughing and therefore

Unfortunately there arc only two obvious ways of increasing production :- expansion of 

acreage and increasing yields per unit of land. Increasing acreage depends very much on 

manpower or ways of reducing workload. Many farmers have strived to have large 

families (polygamy) as a way of increasing manpower but even this has limits to which it 

may contribute to increased acreage. Physical human manpower is faced with severe 

biological and sociological limits. Previously, however, it has been established that total 

workforce available for every household is positively related to acreages of not only 

finger millet but other crops like maize and sunflower. Therefore it is likely that 

assuming land availability is not a problem farmers could increase manpower as much as 

they arc able lor cultivating more acreage. A bit wealthy families attempt to hire extra 

manpower for wages; many farmers also encourage communal work (ndaanjira) as a way 

with considerably large acreages. A more economically efficient way of 

more acreage or spending less time on any unit of land is adoption of ox- 

Most farmers in Sumbawanga (and Nkasi) in Rukwa Region have already 

are more efficient and more productive. This has 

drastically enabled them to change from the traditional Fipa mound (nturnba) system that 

was common in the past to the characteristic cultivated fallow ox-ploughing system that 

they practice nowadays. Because of efficiency of ox-ploughing in terms of manpower 

farmers in Rukwa enjoy the luxury of cultivated fallow where they can even cultivate the 

field several times prior to allowing the cultivated fallow rest period (kuvundika). In so 

doing they improve soil fertility and structure and probably farmers in Rukwa Region 

benefit a lot from this practice as some sort of green manuring.
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Together with economic preferability with respect to productivity and efficiency of 

manpower utilization, stability or fragility of the cultivation system in relation to physical 

and socio-economic environments arc very important criteria describing the systems.

unlike any other system. The same maneuvers arc partly the reason for all cultivated 

fallow (kuvundika) practices. According to farmers’ experience the cultivated fallow 
practice is claimed to improve soil fertility and subsequently yields: but because of 

immobilization of nutrients during decomposition and probably practically too little 

quantity of organic materials subjected to decomposition, improvement is not very 
substantial if at all it happens to be recorded. In any case under natural circumstances it is 

only in slash and burn and nkule systems where maximization of yield can be expected. 
The slash and burn practice is also very effective in terms of manpower needs. It is not as 

tedious as nluniba and nkule systems or even ridge system; all of which rely on hand-hoc 

for land preparation therefore more manpower requirements. Weeding is also more 
difficult and time consuming in ntumba, ridge or any ploughing systems because they can 

not very effectively destroy weed propagation materials. In slash and burn system 

especially if it is nteniele there may not be any weeding at all because burning destroys 

all weeds on the soil surface and their propagation materials. This is a great manpower 

saving. Harvesting and threshing of panicles also become easy in slash and burn and 

nkule systems because of vigorous plant growth and large panicles that are easy to handle 

and cannot be lost or left un-harvested easily. The nkule system is also comparatively 
weed free at least at early stages of growth because burning in this system also destroys 

most of the weed propagation materials. Cultivation or ploughing of the nkule field is 

however probably most difficult among land preparation activities for finger millet 

production. Collection of the ploughed soil clods to make nkule mounds and burning are 
also difficult and time consuming activities. Once the nkule field has been burnt, however, 

other activities that follow afterwards arc very easy. In cultivated fallow systems, in 
addition to soil fertility improvement, labour saving is probably of un-parallcled 

importance, particularly during sowing when manpower needs arc in excess. All 
cultivated fallow (also slash and burn and nkule) practices allow utilization of manpower 

during slack period as an investment that creates less manpower needs during peak period.
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Even when cultivation systems change, one parameter whose change we may not 

probably predict precisely is the relationship between finger millet crop and the market; 

or in other words with cash economy of the people. Finger millet is a very valuable and 

economically sensitive crop. It is currently contributing very effectively to the economic 

survival of the people that produce it; in Mbozi District it is comparable to coffee 

between Nyamwanga people (millet as source of cash) and the Nyiha (coffee as most 

important source of cash). Coffee is among the most important cash crops in the world 

and a crop comparable to this must be quite important. Of course, it is more valuable in

Among shilling cultivation systems the nkule system is still having great potential, 

particularly because the mbuga area hasn’t yet been under any significant utilization for 

cultivation. The mbuga, however, does not seem to constitute any significant area of land 

and if many farmers adopt the nkule system the area can be depleted in quite a short time. 

Practicability of intensive use of the mbuga agro-ecosystcm is, however, what is the most 

challenging problem. If only the mbuga could be re-cultivated (even with crops other 

than finger millet) after opening the ecosystem with nkule cultivation, the ecosystem 

would be suitable for intensive cultivation. Opening the mbuga area for intensive 

cultivation would make it a very suitable area for practicing intensive land use planning.

Stability or fragility is how sensitive the systems arc to both short term and long term 

changes determining system features. Because finger millet cultivation is still an evolving 

system with a definite trend towards intensification, all systems currently in practice arc 

fragile and lack stability with respect to change. All shifting cultivation systems are 

irreversibly diminishing. Fallow systems are both building up and disintegrating. They 

are building up from shifting cultivation and disintegrating towards continuous 

cultivation. Fallow systems, for example the ox-ploughing system practiced in Rukwa 

Region are comparatively less fragile and arc a good compromise between shifting 

cultivation anil the intensive continuous cultivation systems. These systems arc of high 

sustainability and even though they also face a threat of decline towards continuous 

cultivation they also have a potential for improvement as environmcntally-fricndly 

systems.
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B : Choice of cultivation system

Historical and physical environmental factors arc important criteria for choice of system 

of cultivation. Farmers have to practice traditional methods of cultivation first and 

foremost because of preservation of their traditional heritage that is the knowledge they 

know about finger millet; and for the reason that there is no sound replacement from 

modern agricultural knowledge system (that is convenient and adapted). The different 

traditional systems of cultivation are therefore perceived to be a good compromise 

between the traditional knowledge systems, the physical environment and socio­

economic limitations. Characteristically the physical environment has limited flexibility 

and alternative choices that farmers can make in any specific environment depend first 

and foremost on what the environment can offer. In absence of dense and well 

established woodland slash and burn cultivation cannot be very effectively practiced even 

if Government legislation was not restricting. There is no alternative method, on the other 

hand, that can be suitably practiced in the nkule area. Other methods of cultivation 

notably ntumba, ox-ploughing and ridges can be practiced in less established woodlands 

and grasslands depending on determinants other than physical environmental attributes.

3.4.6. Indigenous technology

Being not only an indigenous crop but a crop that has been little influenced by modern 

agricultural technology and also a crop whose production has been sustained amidst 
absence of any research focus, finger millet is an interesting crop technologically. 

Farmers in Southwestern Tanzania have invented and maintained great technological 

innovations that arc in no way to be ignored in scientific opinion. Remarkable 

achievements have been experienced in soil fertility management where high yields have 

been obtained just with the use of specific cultivation techniques without use of any 
inputs. With sensitivity to crop failure as a result of deterioration in soil fertility farmers

the local market as it is very important in making local brews. Its utilization holds quite a 

bright future even if the local brews market will definitely decline with time. Any attempt 

to produce finger millet in whatever system, therefore, will remain an economically 

sensitive activity for a long time.
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have evolved quite an interesting heritage of cultivation practices whose scientific 

significance is yet to be investigated to the fully. In this study “cultivated fallow” or 

kuvundika practices have been found to suitably enable farmers sustain production of 
linger millet after the collapse of slash and burn cultivation. The nkule cultivation system 

has on the other hand remained an effective technique of utilizing the mbuga areas for 
linger millet production though probably it has never had been paid any significant 

attention. The use of finger millet for brewing, which has been the greatest incentive for 
producing the crop, is also worth of scientific attention. Indigenous techniques of beer 

making have evolved and been maintained for centuries and a lot of scientific study can 

be carried on both on the techniques of brewing and the products. Also very interesting 

has been the technology of finger millet crop processing after harvest practiced in Ilejc 

District. The soaking and submersion techniques of finger millet processing arc probably 

not practiced anywhere else in the world except in and areas near Ilejc District. The 
various indigenous technologies constitute the pillar of the overall farming systems of the 

crop production.
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lhe detailed study has been conducted with two main objectives 1) To evaluate 

performance of different cultivation systems with respect to finger millet crop growth and 
yield in relation to improvement in soil fertility. 2) To evaluate and lest validity of 

indigenous seed technology as practiced among finger millet farmers in lleje.

CHAPTER FOUR
4.0. EVALUATION OF INDIGENOUS TECHNOLOGIES

4.1. INTRODUCTION
The word “technology” means the study (or use) of techniques (arts and applied sciences) 

of doing things (Encyclopaedia Britanica, 1987; Hawkins. 1986). From this perspective 
all aspects of finger millet production circumscribe many technological aspects. In this 

research, however, focus has been placed on localized techniques that are of significance 
and where relevant unique from generalized techniques advocated elsewhere. In 

Southwestern Tanzania impressive technological strongholds have been encountered in 
the areas of cultivation systems, brewing technology and crop processing and seed 

technology. More detailed study has been conducted on cultivation systems and crop 

proccssing/sced technology; results of which are subsequently reported. The purpose of 
this study has been to explore the roles of cultivation and other technologies in the 

indigenous farming systems and comparative state of development of different farming 

systems.

Because according to identification and classification of cultivation systems many 
different systems were categorized, not all of them could be tested in this study. The 
evaluation therefore focused on few selected systems based on indigenous technological 

aspects, as explained later in the study methodology section, lhe evaluation ot 
indigenous seed technology, on the other hand, attempted to make follow-up on this very 

unique technology and establish its scientific worth. Details on this investigation are 

explained also in lhe study methodology section.
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4.2. STUDY METHODOLOGY
A : Cultivation systems

Experiments were conducted to test performance of various aspects of indigenous 
cultivation systems for finger millet production. The various aspects were the use of ash 

or burning practices (slash and burn cultivation, nkule cultivation system) and “cultivated 

fallow" (kuvundika) systems involving the ntumba (mound) system and ox-ploughing.

An experiment was conducted to investigate performance of the finger millet crop in each 

ol these cull ix alion systems (slash and burn, nkule, ntumba and ox-ploughing).

(1). Slash and burn cultivation

I he slash and burn experiment was conducted first in Bara Village, Igamba Division, in 

2001 to test two traditional systems of burning against no burning. The slash and burn 

practices tested are traditionally known as ntemele and nkomanjila. Ntemele is a system 
that involves culling trees then collecting the wood and arranging it uniformly such that 

when burning the whole burnt area (the whole field) is uniformly covered with ash. The 
system is practiced in areas where tree density is high and when slashed and arranged in 

the field the quantity of wood/vegelative materials is abundant and form a rather thick 
cover on the soil. When burnt the quantity of ash produced is substantial and almost all 

the soil surface in the field is heated. The wood towards the field borders is moved and 

arranged towards inner areas of the field so that a strip of land around the field is left 
without any vegetative materials to act as fire-break during burning. According to 

farmers this area is usually not very wide; about 5 metres is thought normal regardless of 

the size of the field (most fields would be at least a quarter of an acre). Nkomanjila is a 
system where wood is burnt cither randomly without arranging it after slashing, or may 

be arranged and burnt in localized areas, according to farmer’s description. The system 

leads to some patches in the field that have ash and some patches without ash. Consulted 

literature describes the patchy burning as practiced only where the cut wood is stacked 
around tree trunks where it is burnt (Knight, 1974). ft is in actual sense a less committed 

slash and burn system where farmers, after slashing the woodland, may take some of the 

wood for firewood at home, for construction or for making charcoal; the rest of the wood 
in the field is either burnt randomly or collected and burnt in the localized areas. In
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The experimental plots were lightly cultivated in December at the time of but prior to 

sowing. This was necessary to remove weeds in control plots and in un-burnt patches; but 

was also performed in ntemele plots so that a good soil tilth was obtained prior to sowing. 

Seed was sown by broadcasting on 24th December then the soil was disturbed randomly 
with hand-hoe to cover the seed.

Following results and observations of the 2001 experiment the ntemele system was 

retested in 2002 at Kakozi village, Ndalambo Division, comparing it with no burning 

control. Trees were cut in July, arranged in the plot in August and burnt in October. No­
burning control plots were prepared by hand-hoc cultivation in late November then 

harrowing also by hand-hoe in late December prior to planting. The experiment was sown 

in late December just after Christmas time by broadcasting using an early maturity 

variety commonly known as Katila. Prior to sowing the ntemele plots were lightly

Trees in the 2001 experiment plot were cut in July/August and burnt in October. The 

trees were chopped in pieces that could be easily moved manually. 1 he chopped trees 

were then arranged uniformly in the ntemele plots whereas in the nkomanjihi plots they 

were arranged in patches. Prior to sowing in December a data collection and sampling 

area of about 2.5m x 1.5m in size was demarcated in each plot. Samples and data would 

be collected from this demarcated area. To make sampling more representative the data 

collection area within each plot in the nkomanjila plots was modified such that burnt and 

un-bumt patches could be located with more predictability and sampled more equally. 

Small furrows were opened so as to touch each side of the rectangular data collection 

area at the center and also diagonally to touch the corners of the rectangle: and along each 

side of the rectangle (Appendix 2). Soil and ash were collected from burnt patches and 

put evenly in the furrows so that patches in-between furrows were without burnt soil and 

ash. A control plot for this experiment where there was no burning (sesa) was included, 

with relevant allocation of the sampling area. Each plot was replicated 5 limes, The 

experiment was conducted in randomized complete block design (RCBD).
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The 2002 experiment was conducted in Kakozi village, Ndalambo Division, located 

9°07’40”S and 32°27’I5”E. This site was found convenient for this experiment for 

logistical reasons, because other trials were also been conducted in this site. The previous 

year slash and burn experimental site (Bara) is located 8°47’26”S and 32°50’02”E.

(2). Nkule experiments

The nkule experiment was also conducted twice in 2001 and 2002. The system is 

practiced in grassy lowlands locally known as mbuga. The mbuga area is usually water­

logged during the rainy season with rain water accumulating in the plain when it rains, 

and underground water springing from the soil until the rainy season is over. In most 

mbuga areas vegetation is of low-growing grass that makes a very dense cover on the 

ground with characteristically very dense root system and some with underground growth 

ramifying more horizontally than vertically. This gives the upper soil layer (consider 

about 10cm thickness) a mat-like formation with densely interwoven vegetative materials.

cultivated with hand-hoc to break the surface soil structure so that some friable soil was 

available for proper seedling establishment. After broadcasting the seed, large tree 

branches were trailed on the soil surface in all directions as if sweeping, to cover the seed 

as it is locally practiced by the respective farmers. This experiment was conducted in 

completely randomized design (CRD) with four replications.

The nkule system involves cultivating the soil and later on burning grasses piled up 

within the cultivated soil to ashes when the grass is dry. In so doing both the grass and 
soil are perfectly burnt before the resulting soil and ash mixture are spread for finger 

millet planting. The cultivated soil clods with interwoven roots and plant vegetative 
materials are usually collected and arranged in conical mounds such that the side of the 

clod that was underground and with plant roots is uppermost and the side that was 

exposed or at the soil surface with the plant shoots is innermost. These mounds are then 
burnt and the resulting mixture of ash and burnt soil is spread in the field prior to sowing 

finger millet.
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In 2002 the nkule experiment was re-tested in Kakozi experimental site. I he Held was 

cultivated in August and mounds were burnt in September. Mounds were then broken and 

the field was sown in late December. Sesa (control) plots were cultivated and harrowed in 

December prior to planting. The experiment was sown in late December almost on dry 

soil as rains were very late that year. Some rains however came after sowing and 

germination of seeds was good. Subsequently rains continued to be good until the crop 

was harvested. Both 2001 and 2002 experiments were conducted in Completely 

Randomized Design (CRD) in 5 replications in 2001 and 4 replications in 2002.

(3). Nlumba experiment

The nlumba system was tested in Kakozi in the same experimental site as the one 

described with the nkule experiment above. The experiment was conducted twice in 2001 

and 2002 in the same area. In 2001 the nlumba (mounds) were made in a field that was 

under fallow for at least 20 years. In 2002 the nlumba were made in a field that had not 

been cultivated previously for unknown length of time. Making of the nlumba usually 

involves slashing any grass vegetation in the field then cultivating the field during the 

rainy season. The nlumba or mounds are made while cultivating. The plow is cut and the 

soil clods are piled upside-down in a conical fashion to form the nlumba. These nlumba 

remain in the cultivated state throughout the wet and dry period immediately after 

cultivation (“cultivated fallow” condition) until the next rainy season when they are 

broken and soil spread for sowing. In these experiments the nlumba. were made in 
March/April and broken for sowing in late December. Controls (sesa) for these

The nkule experiment in 2001 was conducted in Zelczeta, 1 gam ba Division; located 

9°0’50”S and 32°57’I5”E about 9km from the Mbeya - Tunduma highway starting from 

Mlowo. The experimental field was cultivated in July 2000: soil clods were then 

collected and piled up into mounds and burnt in August. The burnt mounds were then 

broken in late October prior to sowing. Sesa (control) plots were cultivated in 

July/August without any further action until sowing time. The experiment was conducted 

within farmer’s field. The experiment was sown by broadcasting the seed just us it was in 

other experiments.



Table 29. Particulars of field experiments in 2001 and 2002.

Experiment LocationTreatments

Slash and burn Bara, Igamba Division52001

Kakozi, Ndalambo Division42002

Nkuic system Zelezeta, Igamba Division52001

Kakozi, Ndalambo Division42002

Ox-ploughing Chapwa, Ndalambo Division52001

Ntumba Kakozi, Ndalambo Division52001

Kakozi, Ndalambo Division42002
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Ihus four experiments were conducted in 2001 to test the various systems of land 

preparation or cultivation according to farmer’s practice. Three of them were repeated in 

2002. Detailed particulars of the experiments are summarized below:-

experiments were cultivated in November and harrowed at the time of planting. Both 
experiments were sown in late December by broadcasting and seed covering in the usual 

practice ol pulling tree branches to make sure that all the seed is not exposed on the soil 
surface.

Year of expe­
rimentation

1. Ntemele
2. Nkomanjila
3 No burning
1. Ntemele
2. No burning
1. Nkule mounds
2. No-burning control
1. Nkule mounds
2. Sesa
1. Ox-ploughing

2. Sesa
1. Ntumba mounds
2. Sesa
1. Ntumba mounds
2. Sesa

No. of re­
plications

(4). Ox-ploughing experiment.

The ox-ploughing experiment was conducted in Chapwa village, located 9°16’22”S and 

32 48’08”E near I unduma town, 'fhe field for this experiment was ox-ploughed in 

March/April. 2000. fhe sesa plots were cultivated in December prior to planting. This is 

a typical sesa practice in a system where ’‘cultivated fallow” condition (kuvundikd) is an 

alternative. The ox-ploughed Held stayed in the cultivated fallow condition until 

December when it was re-cultivated prior to planting. The experiment was sown in late 

December in the same practice as other experiments.
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(5). Data collection

(i). Soil samples

Soil samples (2001 experiment) were drawn from each plot in all the experiments at the 

time of land preparation in August 2000 and at monthly intervals starling from the time 

of planting. The samples were collected by scooping or scrapping awa\ all vegetative 

materials from the soil surface then digging the soil with hand shovel within a depth ol 

about 5cm for surface samples, and at relevant depths for sub-surface samples. The 

samples were collected in polyethylene bags and labeled accordingly. In Zele/eta at 

harvest time samples were also drawn from a depth of 15cm and 25cm from the surface 

exactly on the spots where burning of the nkule was conducted (pilyula) and also from 

adjacent areas that just received ash/soil mixture spread from the pilyala area (pilyala 

spread or apamsilinsi). At this site monthly samples started in December two months 

after sowing because the experiment was managed by the farmer until 2 months after 

sowing. In 2002 soil samples were collected at surface (0 - 5 cm) and sub-surface (15-20 

cm) levels prior to planting after the relevant land preparation. Soon after collection soil 

samples were air-dried and stored, then posted to Japan for laboratory analysis.

(ii). Plant growth and yield assessment

(a). Seedlings

Seedlings for seedling assessment were sampled two weeks after sowing by pulling/ 

uprooting 30 seedlings from each plot. The seedlings were assessed for growth and 

vigour. Seedling vigour refers to the flourishing physical condition and how strong or 

“vigorous” the seedlings appear in the field (or growth medium). A matrix of 

characteristics was used to assess the seedlings in their growth and vigour performance, 

in response to method of land preparation and soil condition at the time of planting. The 

characteristics included were seedling size (height and canopy width), root establishment 

(number of roots and root length); seedling dry weight, leaf size (length and width), 

number of leaves and tillering. Seedling height was measured by the distance from the 

base of the plant to the highest point in the canopy. Canopy width was measured as the 

distance between the tips of the opposite most fully grown leaves or their most distant 

opposite points if any leaf was bending downwards. The number of roots was counted as
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(c). Flowering and maturity 
Records of 50% flowering ’ 

Likewise, 50% maturity

were taken when 50% of all plants in each plot had flowered, 
was recorded when by visual observation approximately 50% of 

the plants in the plot was composed of mature, ripe, ripening or dry heads.

(b) Dry matter assessment
Plant samples were collected at 1 month (IMAS); 2months (2MAS); 3months (3MAS); 

4months (4MAS) after planting and at harvest by uprooting the plants from an area 50cm 
x 50cm for 2001 experiment and 1.0m x 1.0m for 2002 experiment. The sampling areas 

were demarcated in each plot for every month’s sampling. The plants were then dried, 

separated into leaf sheaths, leaf blades, stems and panicles where relevant then oven- 

dried at 105()C for 24 hours. Oven dry weight was then measured for each weight. At one 
and two months after sowing plant root growth (dry weight, number of roots, root length) 

and shoot growth (dry matter) were also measured.

roots (not root hairs) that were at least 0.5mm in diameter at their proximal end. Root 

length was the length of the longest root from the base to the tip. Two combined indices 

were used to express seedling size as an overall reflection of vigour. These were seedling 
size index (SSI) and root penetration index (RPI). Seedling size index was expressed as 

area in cm" on a flat smooth surface that would be occupied by a single seedling by it’s 

shoot height and canopy width. This was simply the multiplication of canopy width and 

shoot height. Root Penetration Index was defined as the multiple of number of roots in 

each seedling and half the length of the longest root. This was in assumption that all roots 
were at least 50% as long as the longest root. All roots that were counted must have 

originated from the base of the seedling. Root branches and root hairs were not counted. 

Seedling dry weight was measured as sample weight of the seedlings after oven drying at 
IO5°C for 24hrs. I .eaf length was the length of the most grown leaf blade from the base to 

the tip. Leaf width was width in millimeters at the mid-point of the blade (widest point). 
All leaves in the plant (excluding any leaves from any tillers ) were counted. Any tillering 

and the number of tillers in each seedling were also recorded.
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(iii). Soil analyses.

The soil samples collected from the experiments sites were analyzed in the laboratory to 

determine content of various nutrient elements. The samples were also analyzed tor 
particle size distribution and bulk density. The nutrient elements determined in soil 

samples were total N and C; NH/-N; NO3 -N; extractable P and exchangeable cations K, 
Ca, and Mg. Soil pH was also determined.

(d). Plant height, yield and yield components.
Plant height in each plot was measured from the tip of the panicle to the base of the stem 
at harvest time. Ten plants were measured for each plot. Yield and yield components 

were measured by harvesting all plants in a demarcated harvest area of 0.5m x 1.0m in 

each plot for the 2001 experiments and 1.0 m x 1.0 m for 2002 experiments. Panicles 
were then harvested from the uprooted plants. The number of spikes in each panicle was 

counted. Panicle weight and seed weight per panicle were also measured. After threshing 

and winnowing grain weight per plot and 1000-seed weight were measured.

(c). Chlorophyll Assessment

Photosynthetic capacity of the plants was measured by assessing chlorophyll 

concentration in leaves using the chlorophyll meter (SPAD). SPAD readings were taken 

in each fully expanded uppermost leaf of a specific number of plants in each plot. When 
tasselling had already occurred SPAD reading was taken from the Hag leaf. The number 

of plants for SPAD reading in each plot (one leaf per plant) was 50 at 1 MAS. 20 at 
2MAS and at harvest; and 10 at 3MAS and 4MAS in 2001. In 2002 the number of plants 
was 20 at all sampling times.

Total N and C were analyzed in the NC Analyzer using a combination of combustion and 

gas chromatography. Results were printed as weight percentages of the elements in the 

measured samples. NHZ-N and NCh’-N were analyzed by distillation and titration 

methods using KCI extractant, NaOH for distillation of ammonia water which was 
collected in Boric acid; then titration with HCL NH/-N and NO3-N were separated with 

addition of Devarda’s Alloy during distillation. Soil pH was measured by shaking the
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B. Crop processing and seed technology
(1). Seed sample collection
During the first survey in 2000, important findings were encountered in Ileje on crop 

processing after harvest which also presents important challenges in seed science and 

technology. In this area the harvested crop is not dried and threshed in the normal way as 

it is in other places; instead a wet processing method is practiced. This involves either 
soaking of the harvested crop in rainwater or complete submersion of the crop in aerated 
water for a prolonged period of time, then threshing the crop by washing in water.

Bara

Kakozi

Chapwa

Zelezeta

Sandy loam
Sandy loam

Sandy loam

Clay loam

Table 30. Physical characteristics of soils from locations where field experiments 

were conducted

% Silt

24

34

23.3

54.6

Soil fraction

% Sand

65.3

63.8

65.3

27.6

% Clay

10/7
2.2

11.4

27

Soil type Bulk density
2 

g/cm

T9?
1.89

1.84

1.46

samples cither in water or KCI then measuring pH of the suspension in pH meter. 

Extractable P was determined by Bray and Kurtz (Bray I) method using NH.(F and HCl 
extractant. I he extract was then stained with Ammonium molybdate and Ascorbic Acid 

then its absorbency was measured in UV colour spectrophotometer at 884 - 890nm 

wavelength. I he exchangeable cations Ca and Mg were measured by spectrophotometry 

in Inductively Coupled Plasma Spectrometer (ICP Spectrometer) after extraction in 

Ammonium Acetate solution. K was measured by Flame Emission Spectrophotometry 
(FES) in Atomic Absorption Spectrophotometer. Particle size distribution was 

determined by liltering and gravitational sedimentation using Stoke’s law. Bulk density 

was determined using Sandbox and pressure membrane apparatus (Eijkelkamp) at the 

Department of Agricultural Engineering and Land use planning of the Sokoine University 

of Agriculture. Morogoro. Tanzania. Results of soil physical properties as analyzed are 

presented in Table 30 below.



Sample No. Collection site Processing method

1. Submersion
2. Submersion
3. Submersion
4.

5.

6.
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Mgaya

Magenge
Sange

Soaking

Soaking
Dry threshing control

Table 31. Particulars of wet-processed seed samples collected from farmers in lleje 
District.

Sange

Nguruguru

Isoko

(2). Submersion processing experiment

In addition to seed samples obtained from farmers, need was also felt to imitate the whole 

processing exercise starting from harvesting, and observe performance of the seeds 
resulting from this process. An in vitro experiment was therefore designed to imitate the 

submersion processing method as practiced by farmers. The crop was harvested, as usual 

for submersion processing, by cutting not only the panicle but also with some part of the 

stem, about 20-30cm length. Handfuls of this harvested length was then arranged upside­

down in plastic buckets, just as in a trough in real farmer’s practice. Water was filled in 

the buckets so that all panicles were submerged below the water level. To imitate the 

running water condition (in absence of tap water) water in the buckets was changed

Keeping the grains in wet condition for such long time (usually up to 45 days) is most 

likely to cause some important changes in the seeds especially its viability and 

germination capacity. A need was therefore felt to obtain seed samples from farmers 

processed by soaking or submersion and test reliability of their practices. During the 

survey therefore samples of seeds processed in the local techniques were sought in 
various places in llcjc particularly in Bundali Division. The samples were collected 

representing both the submersion and soaking processing methods and a control sample 

processed in the normal dry threshing technique. These samples were later on subjected 
to laboratory test for germination capacity and speed of germination reflecting vigour of 

the seeds. Particulars of the collected seed samples arc as follows:-
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periodically. 'Hie periods of water change were everyday and after 7, 14 and 28 days. In 

one bucket water was not changed for the whole period of submersion (35 days). The 

water was changed by pouring some additional quantities of water into the buckets full of 

the submerged panicles. The water was poured from a high point, roughly about 1.5 -2.0 

meters, to create a strong Hushing action that would force all anaerobic substances 

accumulating in the bucket out of the bucket. The flushing action was repeated several 

times every time w aler was poured; and roughly at hourly intervals all the days the waler 

was changed. Submersion was carried on until the end of five weeks when the panicles 

were threshed by w ashing in fresh quantities of water and the clean seed was immediately 

dried under the sun. fwo local varieties of linger millet were used for this experiment. 

One variety here-by so-called lleje variety, is a typical variety processed by the wet 

method and cultivated in lleje where the process is practiced. The other variety, Katila, is 

a variety widely cultivated in all areas of finger millet cultivation in southern Tanzania; 

usually processed by the dry method. After processing dry samples of each variety were 

kept for laboratory testing.

(3). Laboratory seed testing

Both the seed samples collected from farmers and the in-vitro submersion processing 

experiment samples were tested in the laboratory for germination capacity and speed of 

germination, The submersion experiment samples were tested one month after processing 

and about eight months later. The collected seed samples were tested soon after the 

survey. One hundred seeds were put on two pieces of filter paper in petri-dishes with 

addition of 5mls of clean water. The seeds were then incubated at prevailing room 

temperature (+30°C) in a clean incubator (switch not on) for up to ten days. The 

germination test was conducted in four replications. Data were collected on germination 

percentage and speed of germination measured as mean germination (chitting) time. 

Mean germination time is computed as time it takes for the seeds to reach 50% of the 

highest germination percentage achieved on radicle protrusion basis (chitting); derived 

from the formula:-



where d = number of days after the beginning of theXdX

R =

The germination data were subjected to statistical analysis.

4.3. RESULTS

4.3.1. CULTIVATION SYSTEMS

A : CROP PERFORMANCE

I : SLASH AND BURN CULTIVATION
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Xn = maximum number of seeds germinated 

R = Mean germination time (days).

germination test
X = number of germinated (chitting) seeds after 

the last count

(1). Effects on seedling growth and seedling vigour

There was substantial response of seedling growth and vigour to the slash and burn 

cultivation practice in both 2001 and 2002 experiments ( fable 32). It is only the seedling 

emergence count that did not show any significant response to cultivation practice. All 

other seedling parameters measured, which can be summed up into seedling vigour as 

also shown by seedling size index and root penetration index, illustrated superiority of the 

burning practice on seedling growth over no burning. Seedling size index was up to moie 

than 10 times more in burnt ntemele plots in the 2001 experiment than in no-burning

C : Data analysis and results presentation

Data obtained in this research were subjected to statistical analyses of various kinds using 

various statistical tools. Simple descriptive statistics were analyzed as percentages and 

numbers. Multiple comparisons were analyzed using analysis of variance and mean 

separation. Association of different attributes was analyzed using correlations or 

regression. Most statistical analyses were performed using SYSTAT Version 7.0.1 (1997) 

SPSS and Statview. Results of statistical analyses are presented using tables, figures and 
numbers where necessary.
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plots, and almost 6 times more in the 2002 experiment. Seedling root penetration index 
was almost three times more in the 2001 experiment and more than twice more in the 

2002 experiment: canopy width more than three times and twice more in 2001 and 2002, 

respectively, seedling dry weight almost 8 times and more than three times more in 2001 

and 2002 respectively, etc. All parameters measured can be viewed in the Table. About 

30% of seedlings in the ntemele plots in 2001 and 48.4% in 2002 had already produced 

tillers 14 days alter sowing while there was absolutely no tillering in the un-burnt plots in 
2001 and only 1.7% in 2002. Seedlings in burnt plots were simply far more vigorous than 

seedlings in un-burnt plots. Seedling emergence count was, however, statistically (P < 

0.05) the same in burnt and un-burnt plots in both 2001 and 2002 experiments. In general, 

seedling vigour response to ash in 2001 experiment at Bara was much more pronounced 

than in 2002 experiment at Kakozi but all parameters measured showed very good 

response to the slash and burn practice. This difference seems to be mainly due to 
differences in soil and environment between the two places, it can also be related with 

quality of the seed used to establish the crop.
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Partitioning of dry matter in leaf sheaths, leaf blades, stems and panicles, analyzed at the 

time of grain ripening, also maintained a superior position of the burning over no burning 

(Fig. 18). Accumulation of dry matter was greatest in panicles, followed by stems, leaf 

blades and lastly leaf sheaths.

(2). Crop growth and yield performance

Dry matter weight increased substantially in all plots (burnt and un-burnt) up to ripening 

stage (4 months after sowing). This is shown in 'fable 33. While it continued to increase 

up to harvest time for partially burnt (nkomanjila) and un-burnt plots, however, for the 

systematically burnt (ntemele) plots it declined between 4 months after sowing and 

harvest time. Probably, because of adequacy of important soil nutrients in ntemele plots 

plants grew very quickly and had already reached the biological limit of growth four 

months after sowing therefore senescence had already started; while in other plots 

accumulation of dry matter was continuing because plants had not yet reached the 

biological limit. We will have more evidence from crop maturity data, which was earliest 

in ntemele plots. I he increment for the partially burnt plots was, however, only slight 

(14.3%), while in the un-burnt plots it increased by more than 85%. Comparative root 

and shoot dry matter accumulation (Table 34) two months after sowing showed that 

burning had significant influence on dry matter accumulation in shoots but not in roots. 

Shoot dry matter weight was slightly more than 3.5 times more in ntemele plots than in 

un-burnt plots. Root : shoot ratio was highest in the un-burnt plots suggesting that plants 

in these plots were striving much more to accumulate resources in roots at the expense of 

shoots. Availability of nutrients from ash, therefore, seem to have enabled much more 

balanced growth of the shoots and roots in the burnt plots.



Burning practice

1 month* 2months 3months Harvest time4months

Ntcmele 103.6 590.8 758.4 1742.3 1367.0

Nkomanjila 36.1 236.7 260.2 552.2 644.4

No burning 12.7 143.8 114.6 181.6 337.2

Mean 50.8 323.8 377.8 782.9825.4

CV% 52.2 59.5 40.8 30.141.4

LSDoos 38.7 281.1 225.1 498.3 343.7

* Months after sowing

Burning practice

Root : shoot ratio

Ntemcle 590.8 465.2 125.6 0.27
236.7 186.5 50.2 0.27

128.1172.1 44.0 0.34

259.9 73.3333.2 0.29Mean
63.4 66.2 15.4062.9CV%

NS240.3 0.06341.8LSDoos
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Table 33. Accumulation of dry matter in finger millet under slash and burn 
system of cultivation

Nkomanjila

No burning

Table 34. Shoot and root dry matter accumulation in slash and burn-grown 
finger millet 2 months after sowing.

--------------------------------- ---- —
Dry matter weight (g/m~)

Dry matter accumulation (g/m2)

Total Shoots Roots
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All yield components examined were in favour of the burning practice. In the burnt plots 
the number of spikes, number of seeds and grain weight per panicle; 1000-seed weight 

and grain yield were significantly much more in the burnt plots than where there was no 

burning (Table 36). Grain yield was therefore a derivative of panicle size, number of 

seeds in each panicle and seed size rather than the number of plants per unit land area. 
Larger plants in the burnt plots has been a result of more vigorous early growth that 

reduced plant population via shading effect on less interplant competitive members of the 
plant population.

Plant population (here reflected as number of panicles harvested per square metre) was 

much less in burnt plots than in un-burnt plots (Table 36). Almost twice as many panicles 

were harvested in un-burnt plots than in the uniformly burnt (ntemele) plots, for example. 
Inspite of this, however, panicle dry weight (as it can be observed in 1'ig. 18) was almost 9 

times as much in the uniformly burnt plots than in un-burnt plots at the time of grain 

ripening. Plants in burnt plots were therefore so much larger that they could cancel by a 

very large magnitude the effect of the greater plant population in the un-burnt plots. 

Previously in Table 32 it was shown that seedling emergence count was statistically the 

same in burnt and un-burnt plots. Therefore, a tiny difference among seedlings was 

reversed to a marked effect in the mature plants in burnt plots and this effect was 

reflected in yield.

Substantial difference in plant height was observed between burnt and un-burnt plots 

('fable 35). Plants in ntemele plots, about 98.1cm tall, were almost three times taller than 

plants in un-burnt plots. Plants in nkomanjila plots were more than 60% taller than in un- 

burnt plots. Growth in un-burnt plots was severely stunted with average plant height of 

only 36.7cm. Normal plant height for linger millet is usually about 40cm for dwarf 
varieties and up to 100cm for tali varieties (Purscglove, 1985). The slash and burn 

practice slightly accelerated flowering and crop maturity. Plants in ntemele plots reached 

50% flowering and 50% maturity significantly earlier than plants in partially burnt and 
un-burnt plots.
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Table 35. Days to 50% flowering, maturity and plant height at harvest in 
finger millet grown under slash and burn system of cultivation.

Ntemele 
Nkomanjila 
No burning

Fig. 18. Dry matter partitioning in finger millet under slash 
and burn cultivation in 2001.

81.0
82.6
83.4

82.3
1.3
1.5

118.4
124.6
125.0

122.7
2.5
4.5

98.1 
59.0
36.7

64.6
11.4
10.7

500 • ■

□ Ntemele 
4OoT=7

Mean
CV%
LSDoos

The effect of burning on crop performance in the 2002 experiment was as pronounced as 

in the previous year experiment. Dry matter accumulation was much higher in the burnt 

plots (ntemele) than in the un-burnt (sesa) plots at all stages of the crop growth (Fig. 19, 
P <0.01). Grain yield and number of spikes and seeds in panicles were higher in the slash 

and burn plots than in un-burnt plots (Table 37). Plant population in the un-burnt plots 

was severely less than in the slash and burn plots and this was a phenomenon observed at 

all stages of the plant growth (Fig. 20, P < 0.05). It is obvious that the slash and burn

Days to 50% Days to 50% 
flowering maturity

___ _J__ i

PANICLES

600 -

if
I
S

i
200
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Tabic 37.

System
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Ntcmele 232.5
Hand-hoe (scsa) 96.2

Table 36. Yield and yield components of finger millet grown under the slash 
and burn ssslcm of cultivation in 2001.

Ntcmele 
Nkomanjila 
No burning

No. of 
panicles 
per itT

193.5
37.9

106.2

No. of spikes 
per panicle

No. of 
spikes per 

panicle

5.8
11.0
0.03

6.5
5.2

No. of seeds 
per 

panicle

694.9
49.2

498.4

1428.3
1011.0

1219.6
8.8 

0.001

1.73
63.8
1.61

2.30
1.75

2.62
2.57
2.20

1.91
2.08

3.46
24.9
0.01

5.57
1.34

422.8
240.7
119.9

261.1
33.8

128.6

4.0
9.4
0.5

1346.6
511.4
226.6

1000-sced 
wt. (g)

2.46
8.2

0.33

3.41
1.25
0.52

Grain 
yield 

(g/m2)

Mean 164.3
CV % 12.2
Probability (<) 0.000

Mean
CV%
LSD005

133.0
186.6 
261.0

5.2
3.8
3.0

No. of 
panicles 
per m2

2.02
38.9 
NS005

1.99
10.5 
NS005

practice was responsible for better seedling establishment and subsequent plant growth 

than the normal cultivation-without-burning practice. Per plant dry matter weight was 

also consistently much higher in the burnt plots (Fig. 21, P < 0.01). It is evident from Fig. 

20 that the factors responsible for low plant stand in the un-bumt plots occurred before 

the plants were 2 months of age, as the stand count after one month beginning from two 
months was almost constant up to harvest.

No. of seeds Seed wt. 
per panicle per panicle

Seed wt. 1000 Grain
per panicle seed wt. yield

(g) (g) (tons/ha)

Yield and yield components of finger millet in relation to slash and 
burn practice in 2002 experiment.
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Fig. 19. Total dry matter accumulation in finger millet in 
slash and burn cultivation
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Fig. 20. Plant stand count in response to slash and burn 
cultivation practice.
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Fig 21. Comparative slash and burn per plant dry matter 
accumulation in finger millet
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No burning

II : Nkule system

(1) Crop performance in 2001
Results of this research have shown that it is the nkule system alone that can suitably be 

practiced in the mbuga area for finger millet production, as compared to the normal 

cultivation (sesa). In both 2001 and 2002 there was an absolute crop failure in sesa plots 
whereas in the nkule plots crop growth and yield were very good. In the 2001 experiment 

there was no crop growth at all in sesa plots because of poor seedling emergence and 
growth failure. Few seedlings that emerged (Table 38) eventually were weathering away 

instead of growing. Within the nkule system assessment of plant growth at flowering 

stage and growth and yield at harvest time revealed superiority of the mound position 

where burning was conducted (pilyala or pilot) over the adjacent areas to which ash and 
burnt soil was spread from the mound (pilyala spread or apamsilinsi). Table 39 shows 
dry matter partitioning of finger millet in the pilyala/pitoi and apamsilinsi areas at the 

time of 50% flowering. Table 40 shows dry matter partitioning and yield of finger millet 
in pilyala/pitoi and pilyala spread/apamsilinsi areas at the time of harvest. Both tables

5 -
4.5 I

4
E 3.5 J

I ™
3 I-

E 2.5
2 I-

1.5 !-
1 I-

0 5
0 —
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reveal great difference in growth between pilyala and apamsilinsi areas or the nkule plot 

as a whole {pilyala and apamsilinsi areas combined).

Table 39. Dry matter partitioning of finger millet in the pilyala and 
apamsilinsi areas in the nkule system of cultivation at 50% 
flowering.

i
2

3.
4.

5.

Emergence count 
per plot (7.5m2)

1228.6
248.4

28.6
561.9

1972.5
577.4

1135.9

325.5
110.5

301.7

404.3
65.6
23.0

148.5

896.2
1 79.0
393.2

142.7
22.4
22.1 
NS

Pilyala 
Apamsilinsi 
Nkule

3 5

32

13 3

13 2

77

597.3
155.9

459.6

489.5
183.6
53.8

415.3

Table 38. Seedling emergence count in sesa plots in the nkule experiment in 
2001.

245.9
35.4
20.4
80.1

153.5
132.0

Mean
S.E. ±
CV %
LSDo.os

26
24

100

99

58

Seedlings 
2 per in

Dry matter weight (g/m ) 
Leaf sheaths Leaf blades Stems



Leaf sheaths

(t/ha.)
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Pilyala 
Apamsilinsi 
Nkule

'fable 40. Dry matter partitioning and yield of finger millet in pilyala and 
apamsilinsi areas in the nkule system of cultivation.

359.6
51.4
22.6

112.0

844.0
126.2

709.9

560.0
91.7
25.9

199.9

957.0
170.6
665.9

597.8
36.2

9.6
78.8

4.77
0.54
17.2

1.24

7.94
1.36

5.00

2.92
2.55
2.73

2.73
0.08
4.9
0.18

1000- 
seed 

wt (g)

2854.1
477.2

2133.4

351.9
73.5

304.6

243.3
22.1
14.4
48.3

504.2
107.3
467.2

1 82 1.6
242.7

21.1
528.9

Mean
S.E._±
CV %
LSD005

Sampling area
Total

(i) Seedling emergence and seedling vigour
Contrary to what happened in 2001, seedling emergence in sesa plots in 2002 experiment 

was as good as in nkule plots. It is not known why in 2001 there was very poor seedling 
emergence in sesa plots and why the few seedlings that emerged were yellowing and 

withering away. Soil water saturation and lack of aeration is one reason as in 2001 rains 
were very heavy. Under water logging conditions germination of seeds is unlikely 

especially in soil with very high organic matter as it is usual in the nkule area. Even 
though reasons for yellowing of the few emerged seedlings may not be known, there was 

evidence of presence of pathological micro-organisms in the soil. Soil samples taken 
from the plots revealed presence of sclerotia characteristically the same as those of 

Sclerotium rolfsii which causes seedling damping off, among probably many other 
pathogens.

(2) Performance in 2002

In 2002 crop performance was almost the same as in 2001. Differences may be 

attributable to crop variety and physical environmental factors as the experiment was 

conducted in a different locality (Kakozi instead of Zelezeta). More details of the 2002 

experiment are described below :-

Dry matter weight (g/irT)
Leaf blades Stems Panicles Yield
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Data on seedling emergence and other seedling performance parameters in 2002 are 

presented in Table 41. All seedling parameters measured in the laboratory except tillering 

were highly significantly of greater value in nkule plots than in sesa plots. Average 

number of leaves per seedling was more than twice as much in nkule plots than in sesa 

plots; canopy width about four times more, leaf length about live times, leaf width more 

than twice, seedling height almost six times, number of roots almost three times, root 

length almost twice, seedling dry weight almost ten times, overall seedling size index 

almost 25 times and root penetration index almost live times, more in nkule plots than in 

sesa plots.

(ii). Crop growth and yield

Results on crop growth performance in the nkule system of cultivation in 2002 are 

presented in Table 42. Practically, just like in 2001 there was no crop growth in sesa plots 

in 2002 worth any cultivation efforts. Results presented here on sesa plots are therefore 

only for experimental curiosity. Few plants that survived in the sesa plots up to harvest 

time were highly stunted and even though some managed to produce some panicles yield 

from these plants was very insignificant and reproductive growth was comparatively very 

late. Most of the attention in this experiment is therefore focused on performance within 

the nkule system of cultivation. In general plant growth and yield were much better in 

pilyala or pitoi areas than in apamsilinsi areas. Yield in apamsilinsi areas was more than 

twice as low as in pilyalalpitoi areas, so was the number of seeds per panicle. Seed 

weight per panicle (yield per plant) and average plant height (harvest time) were almost 
twice as much in pilyalalpitoi areas than in apamsilinsi areas; dry matter accumulation 

was about four times as much. Chlorophyll concentration in pilyalalpitoi areas was 
significantly higher than in apamsilinsi areas and this just reflects greater photosynthetic 

capacity and subsequently more growth in plants in the pilyala area.
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(2). Crop growth and yield

There was no difference in yield and many other growth and crop performance 

parameters measured between ntuniba and sesa plots in both 2001 and 2002 experiments. 
Some results on performance of finger millet under the ntuniba system of cultivation are 

presented in Tables 44 and 45. In 2001, some significant response (P < 0.05) to the 
ntuniba system of cultivation was observed in root and shoot growth 2 months after 

sowing (Table 44) and in overall plant growth (dry matter accumulation and partitioning) 

four months after sowing ( fable 45). In 2002 the system of cultivation did not have any 

significant effect on crop growth and yield worth reporting here.

Ill : Ntuniba system

(1). Effects on seedling emergence and seedling vigour

Except on seedling emergence count, the ntuniba system of cultivation in the 2001 

experiment had profound effect on all other seedling growth parameters and seedling 

vigour. As it can be seen in Table 43, there was absolutely no tillering in sesa plots at the 

time of seedling assessment while in mound plots it had reached 14%. Leaf growth, shoot 

and root growth, total dry matter accumulation and the seedling vigour indices as they 

appear in the table were highly significantly (P < 0.001) greater in the ntuniba plots than 

in normal (sesa) cultivation. In 2002 experiment, however, there was no significant 

seedling response to the cultivation system except in root length: which was less (P < 

0.05) in sesa plots than in ntuniba plots, as it appears also in Table 43.
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(2). Crop growth and yield

The ox-plough kuvundika system was very much associated with overall plant growth 

and yield. Tables 47, 48 and 49 and Figure 22 show the plant growth performance and 

yield of finger millet under the ox-ploughing system of cultivation. Field crop 
establishment in terms of plant count one and two months after sowing was the same in 

ox-ploughed and sesa plots (Table 47). Plants in ox-ploughed plots accumulated much 

more dry matter throughout growth period than plants in sesa plots (Table 48) and this 

was also evident in dry matter partitioning measured at the time of crop maturation (with 

exception of leaf sheaths). Plants in ox-ploughed plots maintained greater photosynthetic 

capacity (Fig. 22) than plants in sesa plots and this must be partially responsible tor the 

■ greater growth performance in the ox-plough plots. Plants in ox-ploughed plots were 

slightly earlier in flowering and gave much more seeds per panicle and yield both on per 

plant and per unit area (m2) basis (P < 0.05; Table 49).

IV : The ox-ploughing kuvundika system

(1). Effects on seedling emergence and seedling vigour

Results of the influence of the ox-ploughing kuvundika system of cultivation on seedling 
performance are presented in Table 46. The ox-ploughing practice increased seedling 

emergence and was responsible for better growth and vigour performance of seedlings 

than the normal hand-hoc sesa cultivation. Except tillering, all seedling performance 

parameters measured were significantly much more in ox-ploughed plots than in sesa 

plots. Seedlings in sesa plots were in general very small with very poor growth 

performance, in this experiment tillering had not yet occurred al the time of seedling 

assessment.
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□ Ox-ploughing
□ Control (sesa)
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B : Factors controlling crop performance

I : Slash and burn experiment

(1). Changes in soil nutrients

Tables 50-54 present nutrient levels in the soil in response to the slash and burn practice. 

In 2001 experiment (Tables 50, 51, and 52) before burning there was statistically the 
same quantity of each nutrient measured in both burnt and un-burnt plots. After burning 

(sowing time) soil extractable P was substantially increased (Table 50). Total N and NO]' 
-N did not change following burning but NllZ-N was increased (Table 51). Ca2+ and K+ 

(Table 52) were also increased but Mg2+remained statistically the same (P < 0.05). Soil 

reaction (pl I) was also substantially raised by burning. Significantly high quantities of P 

and Ca“' were retained until the time of crop maturation (4 months after sowing).
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i"1

■ !

1 MONTH 2 MONTHS 3 MONTHS 4 MONTHS HARVEST 
TIME 

Fig. 22. Variation in chlorophyll concentration (photosynthetic capacity) in 
finger millet under oxploughing system of cultivation
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In the 2002 experiment concentration of P in surface soil was positively correlated with 
overall seedling vigour (seedling size index) and leaf growth (length and width). In sub­

surface soil (15cm) P was significantly positively correlated with all seedling parameters 

measured except emergence count, tillering and seedling dry weight. The weaker 

response on P in 2002 experiment might be ascribed to the difference in the addition of 
ashes between the two experiments. Total N was negatively correlated with seedling

In 2002 very minor change occurred in soil readily available nutrients as a result of 

burning. It is only P al 15-20cm soil depth that was increased significantly and NTU'-N at 

0-5cin reduced (P < 0.05) following burning; other (readily available) nutrients remained 

statistically unchanged ( Tables 53 and 54). Total N and C were apparently reduced by 

burning action; their quantities were significantly less in burnt plots than in un-bumt 
plots (P < 0.05) in both surface soil (0-5cm) and sub-surface soil (15-20cm). Soil pH was 

increased but significantly only with KCL Increase in soil pH in water (pHw) was 

observed but not to the level of statistical significance (Table 53).

(2) Association of soil nutrients with seedling vigour

The observed good performance of seedlings in the slash and burn system are results of 

improvement in soil fertility following the slash and burn practice. In Tables 55 and 56 

correlations of seedling growth parameters and soil nutrients can be observed. In 2001 

experiment, soil P, K', Ca2+ and NH.t+-N were significantly positively correlated with the 

various seedling growth parameters under consideration (growth after seedling 

emergence). NI I4’-N showed strongest influence, being highly related (P < 0.01) with all 

parameters. Il was followed by P which was highly positively correlated with all the 

parameters except tillering, which was statistically not influenced. K+ was positively 
correlated with all parameters except tillering and seedling dry weight. Ca2+ was 

positively correlated with leaf parameters (number of leaves, canopy width, leaf length 

and leaf width); also with number of roots. Total N was significantly correlated with 

seedling emergence count but, together with Mg2+and NCh'-N they were not significantly 

con-elated with any subsequent growth parameter in this experiment. All nutrients except 
total N were not significantly correlated with seedling emergence count.
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(3)Association of soil nutrients and crop growth performance and yield.

The association of soil nutrients with plant growth and yield is presented in Tables 57 and 

58 respectively for 2001 and 2002. In 2001 (Table 57) total %N did not show any 

influence on plant growth and yield except on total dry matter accumulation one month 

after sowing. This influence is probably from mineralized NIU'-N which was highly 
positively correlated with dry matter weight one month after sowing (P < 0.05). The 

influence of NHZ-N was also observed on dry matter accumulation 3months after sowing 

and at the time of crop maturation (4months after sowing) on leaf blade and panicle dry 

matter weights. Strong positive correlations existed between this nutrient and dry matter 
accumulation and plant height at harvest (P < 0.01). NH4+-N was also positively 

correlated with the number of spikes per panicle, number of seeds per panicle, seed 
weight per panicle and grain yield. It is evident therefore that NH4+-N enhanced seed 

setting but not seed size. NH4+-N was significantly negatively correlated with days to

growth parameters in both surface and sub-surface soil. This indicates that substantial 

amount of Nitrogen was removed from soils through slash and burn treatment. NI U^-N in 

sub-surface soil was positively correlated with seedling emergence count and this was the 

only nutrient in this experiment that significantly supported seedling emergence count. 

Probably this is a reflection of adverse effects of high organic matter in the soil on 

seedling emergence as a result of decomposition microbial activity. Among micro­

organisms responsible for decomposition there arc also those that arc pathogenic on 

germinating seeds and emerging/young seedlings. High organic matter in the soil 

(therefore high total N) encourages microbial activity and via pathogenic microbial 

activity reduces seedling emergence and post-emergence seedling growth. Slashing and 

burning practice converts decomposing organic matter in the soil to volatile gases and 

mineral N notably N1I./-N. This is most likely the reason why there was slightly much 

more NH4+-N in the sub-surface soil in the slash and burn plots and this may be 

associated with soil burning effect with less loss of N through volatility and more 

accumulation of NITf-N via mineralization. While Nl l4’-N was accumulating the soil 

was also been cleansed against pathogenic micro-organisms responsible for seed and 

seedling rot, thus more seedling emergence count.
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Whereas growth would increase with increased nutrient level in the soil; in 2002 

total %N and NH.|'-N were significantly negatively correlated (Table 58) with most plant 

growth parameters meaning that plants grew much more where there was less of the 

nutrients. Apparently, this leaves phosphorus on safe margins as the only nutrient 
responsible for much of the increased crop growth. P was positively correlated with total 

dry matter accumulation one month after sowing and at harvest; leaf and stem dry matter 

accumulation at harvest; seed setting (number of seeds per panicle) and yield.

50% flowering and maturity. Phosphorus was significantly positively correlated with all 

growth and yield parameters measured except dry matter measurements two months after 

sowing, days to 50% flowering, days to 50% maturity (significant negative correlation), 
number of panicles per m2 and 1000-sccd weight. Potassium behaved in the same way as 

phosphorus except for root dry matter weight two months after sowing, days to 50% 
maturity (where it did not have any significant correlation), number of panicles per m2 

and 1000-seed weight. Calcium was also significantly associated with most parameters 
measured but not days to 50% flowering or maturity and yield. Association with Mg2^ 

was weak, only with 1000-seed weight, plant population at harvest (number of panicles), 

root : shoot ratio two months after sowing and dry matter weight of leaf sheaths four 

months after sow ing. Il is important to note that Ca2' and Mg2+ had significantly negative 

correlation with root : shoot ratio two months after sowing while N, P and had no 

significant association at all. They were therefore in favour of shoot growth, ft seems that 
Ca2+ did also significantly support root growth but at a slower rate than shoot growth and 

with much less influence than Mg2+. Soil organic carbon and C:N ratio did not have any 

significant correlation with any parameter measured.
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While soil nutrients could not show any relevance in comparing nkule cultivation and 

sesa there was a significant difference in soil reaction (pl 1) between the two practices. 

Soil pH was higher in nkule plots, and this is obviously a result of ash. Probably low soil 

pH may be held partially or wholly responsible for absence of crop growth in sesa plots.

II : Nkule system

(1) Changes in soil fertility in 2001 experiment

There is no evidence whether burning in the nkule system improves soil fertility when 

examined with no burning. Even though there is no soil analysis data at exactly the time 

of sowing in late October (because the experiment was in farmer’s field and the farmer 

was forced to plant the crop earlier than expected owing to un-usually early rains), 

samples collected in December when the crop was still al an early vegetative growth 

stage did not show any significant addition to the soil of any nutrient as a result of 

burning and against burning. In the contrary there was significantly less P, Mg and %N in 

the burnt {nkule) plots than in un-burnt {sesa) plots. This is shown in Table 59. In 

addition to this lack of soil nutrient data to associate with, performance of the nkule 

system, there was no crop that grew in sesa plots for comparison with nkule plots. Thus 

in this experiment the control treatment {sesa) has not been effective in conclusively 
determining reasons for crop performance in the nkule system. It was, however, able to 

conclude on the impracticability of sesa cultivation in the mbuga areas.

Even though there was no crop growth in sesa plots for comparability of nkule and sesa 

practices, within the nkule plots, however, patches of poor crop growth and nutrient 

deficiency symptoms (in particular nitrogen) were seen in apamsilinsi against pilyala 

areas. This was more conspicuous in the farmer’s field adjacent to the experimental plots. 

Soil samples were taken from this field from pilyala and apamsilinsi areas, on surface 
and sub-surface soil depths, at the time of crop harvest. Analysis of these samples has 
shown significantly different quantities of soil nutrients %N, P, K+ and Ca2+ in the pilyala 

and apamsilinsi areas; in surface or sub-surface soil (Table 60). On surface there was 

much more %N in apamsilinsi than in pilyala areas but deep down the soil (25- 
30cm) %N quantity was much more in pilyala than apamsilinsi. More P and K were also
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observed in apamsilinsi than in pilyala areas but at sub-surface soil level. More Ca was 

present in pilyala than in apamsilinsi areas; and this was at the surface (P < 0.05). 

Comparing nutrient concentrations in surface and sub-surface soil (0-30cm) revealed also 

different observations in pilyala and apamsilinsi areas. Total %N showed a very 

interesting trend (Tig.23); increasing with soil depth in pilyala areas while a truly 

opposite trend was maintained in apamsilinsi areas. It is most likely that burning was 

responsible for depletion of organic matter in the surface soil in pilyala areas, leading to 
less %N while in apamsilinsi areas high organic matter at the surface because of no 

burning retained higher levels of %N. Other nutrient elements (P, K, Mg, Ca) also 

showed trends that were nevertheless not as interesting as the trend shown by %N; 
therefore are not reported here.
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Among most pronounced soil attributes is the alteration of soil reaction following nkule 

burning. It is evident from data in Table 60 that presence of ash or burnt soil increased 

soil pH; as pH values in pilyala areas were much higher than in apamsilinsi areas where 

there is less ash and burnt soil. There was a general tendency of soil pH decreasing with 

soil depth though not strictly so (especially when pH was measured in KC1). At all soil 

depths pH in pilyala areas was significantly higher than in apamsilinsi areas (P < 0.05)

(2) Association of soil nutrients and soil reaction with crop growth and yield in 

the nkule system of cultivation in 2001.

evident that dry matter accumulation as
setting as 1000-seed weight and yield were also significantly positively correlated with 

soil pH. The reason why increased soil organic matter (%N, %C) was associated with less 

dry matter is, however, not certain. Probably the soil organic matter was actually a result 

of sheddings from senescing plants; as the significant association was evident only at 

harvest when older leaves and especially leaf sheaths had withered away and some of the 

dry matter incorporated into the soil. Significant positive association was also observed 
between calcium and total dry matter weight at the time of harvest while NH/-N was 

significantly negatively associated (P < 0.05) with stem dry matter weight at harvest (and 

not with any other parameter).

Correlation analysis for relating plant growth and yield parameters with soil condition is 

shown in Table 61. Soil pH as w'cll as soil organic matter showed significant association 

with dry matter accumulation in the plants particularly at harvest. Soil pH was having 

positive correlation while soil organic matter (%N, %C, C:N ratio) were having negative 

correlation. Therefore as soil pH was increasing, definitely from apamsilinsi to 
pilyala/pitoi areas, total dry matter accumulated in plant tissues also increased. It is 

influenced by soil reaction contributed to seed
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(4). Association of soil nutrients and soil reaction with seedling growth/secdling vigour in 

2002 experiment.
As already stated previously seedling emergence and establishment in the nkule system 

control plots (sesa) in 2001 was almost absent. In addition, data in the nkule (treatment) 

plots was collected for the first time in December two months after sowing. There is 

therefore no seedling data for any comparative analysis in the 2001 experiment. In 2002, 
however, seedling performance was good and sufficient data for comparative analysis 
was obtained. Correlation analysis revealed association of seedling performance with soil 

nutrients. All seedling parameters measured except seedling emergence count and 

tillering (Table 63) were strongly negatively correlated with soil organic nitrogen (%N) 

while all parameters, including emergence count and tillering, were significantly 

positively (P < 0.05) correlated with NHZ-N. Leaf growth (number of leaves, leal length, 
leaf width, canopy width), seedling height, seedling dry matter accumulation and overall 

seedling vigour (seedling size index and root penetration index) were significantly 

positively correlated with soil NO3’-N. Only number of roots in addition to seedling

(3) Changes in soil nutrients and soil reaction in 2002 experiment.

Results on soil reaction and nutrients variability under the nkule system of cultivation in 

2002 experiment are presented in Table 62. It was only N and K' among soil nutrients 

that showed some significant variation under the system. Total percent N at 15-20cm soil 

depth was significantly reduced by burning. NH.|'-N was significantly increased by 

burning action, in both surface (0-5cm) and sub-surface (15-20cm) soils. NO3’-N and Kr 

did not show any significant change as a result of burning but showed significant 
variation within the nkule system whereupon both nutrients were in greater quantities in 

pitoilpilyala areas than in apamsilinsi areas at 1 5-20cm depth. K’ in apamsilinsi areas 

was also significantly less than in sesa (no burning) plots, and it is difficult to tell why. 

On surface soil they did not show any significant variation (P < 0.05). NH/-N showed 

significant variation both within the nkule system and against sesa. Highest quantities of 

NH4+-N were found in pitoi areas. Soil reaction (pH) was significantly influenced only at 

15-20cm depth but not at surface (0-5cm). Burning increased 15-20cm depth soil pH both 

in water and in KCL
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i the same way as most nutrient elements did not show any significant association with 

le seedling parameters, soil reaction influence is associated with very few seedling 

arameters. Soil pH in water did not have any significant association with any seedling 

arameter. Soil pl 1 in KCI showed significant association only with seedling’s number of 

:aves, leaf width, number of roots and root penetration index (P < 0.05). The rest of the 

’edling growth and vigour parameters did not show any significant association.

mergence count and tillering were not significantly correlated with soil NCh'-N. We 

lay conclude from this finding that root formation is increased in presence of soil NH/- 

I while the whole in-organic soil N fraction is responsible for root growth (root length), 

hesc associations with soil N also suggest that the organic N fraction in the soil 

.ippresses both root formation and root growth. Association with other nutrients was not 

s pronounced as with soil N. P was significantly positively correlated with leaf length 

nd canopy width; seedling height and the overall seedling size index. Calcium was 

gnificanlly positively correlated with seedling emergence count and not other 

arameter. Il was only soil Ca2+ and NH/-N that were significantly associated with 

jedling emergence count.
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(5) Association of soil nutrients and soil reaction with crop growth and yield in the nkule 
system of cultivation in 2002.

Correlation of crop growth and yield with soil nutrients in 2002 is shown in Table 64. 

Association was weak and insignificant for most parameters. At surface soil depth (0- 

5cm) significant association existed between soil P and several plant growth parameters. 

The parameters were total dry matter accumulation 1, 2 and 3 months after sowing and at 

harvest; dry matter accumulation in leaves two and three months after sowing and at 

harvest and in stems 2 months after sowing; plant height one. two and 3 months after 

sowing; days to 50% crop maturity and yield (P < 0.05). N1i -N in surface soil (0-5cm) 

showed significant association with plant height at all stages of growth measured; leaf 

and stem dry matter accumulation 2 and 3 months after sowing; stem dry matter 

accumulation at harvest time; days to 50% flowering and maturity: number of seeds per 

panicle and yield. Association with plant height and yield was negative. The rest of 

significant associations were positive. Also at the surface NO,-N showed significant 

association with total and leaf dry matter accumulation tw o and 3 months after sowing; 

1000 seed weight and yield; and the association was positive. Soil pl I had very limited 

association. Soil pH in water showed significant positive association with days to 50% 
maturity and no other parameter. Soil pH in KC1 showed significant association with 

plant height 3 months after sowing and days to 50% flowering (negative association). In 

15-20cm soil depth association with soil pH was much more pronounced, for both pH in 

water and in KC1 there was significant positive association with plant height 1, 2 and 3 

months after sowing; total dry matter accumulation 2 months after sowing; leaf dry 

matter 2 and 3 months after sowing and yield. Total dry matter accumulation 3 months 
after sowing and stem dry matter accumulation 2 months, 3 months after sowing and at 

harvest were also significantly positively correlated with soil pHkci- Days to 50% 

flowering and maturity were significantly negatively correlated with both soil pH in 

water and in KC1. At the depth soil P was only significantly (positive) correlated with 
total dry matter accumulation 2 and 3 months after sowing and dry matter accumulation 

in leaves 3 months after sowing. Potassium was significantly positively associated with 
leaf dry matter accumulation 2 months after sowing, stem dry matter accumulation 2 and 

3 months after sowing and days to 50% maturity. Total %N was also significantly
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correlated with several parameters (plant height 1, 2 and 3 months after sowing, days to 
50% flowering and maturity and panicles/m2). It reduced plant height and plant 

population. This must be through encouraging vigorous and compact growth with a lot of 

vegetative growth under low plant population; against tall and slender plants with 

overcrowding. The nutrient with most pronounced effect at 15-20cm depth was probably 
NH4 -N. This was having significant positive correlation with plant height I, 2 and 3 

months after sowing; total, stem and leaf dry matter accumulation 2 and 3 months after 
sowing and at harvest and the number of panicles per m2. NO3 -N was significantly 

positively correlated with plant height one month after sowing, total and leaf dry matter 2 

months after sowing and stem dry matter 2 and 3 months after sowing. As already stated 

previously most parameters did not show any significant association with most nutrients 

in the 2002 experiment.
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(2) Association of soil nutrients with seedling growth and seedling vigour.
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HI : Ntumba system

(1). Changes in soil nutrients

The system of cultivation did not have any significant influence on soil nutrients (% N, P, 
Kr, Ca~\ Mg2', NI l.i'-N, NO3-N) and soil reaction (pHw and pHkci) in 2001. In 2002 it 

had influence on few soil nutrients. Total % N, KTand Mg2+ were reduced by practicing 

the ntumba system instead of normal (.w?.w) cultivation. There was likewise less % C and 

C:N ratio in the ntumba plots than in normal cultivation plots (Table 65). The reduction 
in K+ was observed in the surface soil but not l5-20cm deep. Reduction in Mg2K was 

observed at 15-20cm soil depth. Soil pl I in water was statistically the same in both 

ntumba and sesa plots. Soil pl I in KCl was significantly higher in ntumba (P < 0.05) than 
in sesa plots at 15-20cm soil depth.

Even though seedling performance in the 2001 experiment showed highly significant 

response to the ntumba system, correlation analysis against soil nutrients showed that it 

was only NOj'-N that was significantly associated with some few seedling parameters. 

These parameters were number of leaves per seedling (r = 0.76*), number of roots (r = 

0.79*) and root penetration index (r = 0.74*). No other nutrient had any significant 

association with any other seedling parameter. This suggests, therefore, that there were 
factors other than soil nutrients that were to a greater extent responsible for increased 

seedling growth and vigour performance in the ntumba system of cultivation. Indeed, as 
in the 2002 it was also root development that showed significant effect of the ntumba 

system, better seedling performance in the ntumba system is most likely related to 

improvement in soil tilth because of organic matter decomposition and incorporation into 
the soil during the “cultivated fallow” period. If this is true it may also be the reason why 

seedling response in 2002 was not as pronounced as in 2001. In 2002 rains were very late 
and during planting very little. Thus decomposition of organic matter in the ntumba and 

the process of the formation of the fine soil aggregate structure/tilth was incomplete 
before the ntumba were broken for sowing. Sowing was necessarily premature before the 

soil was wet enough for a fine soil structure because rains were late and inadequate.
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(3) Association of soil nutrients with crop growth and yield
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In both 2001 and 2002 there was very remote association between soil nutrients and plant 

growth and yield parameters in the ntiunha system of cultivation. In 2001 (Table 66) 

significant association (P < 0.05) existed only between soil P and leaf blade dry matter 

weight 3 months after sowing; Mg and total, shoot and root dry matter accumulation 2 

months after sowing and harvest time leaf sheath dry matter and yield; and between NO3- 

N and root dry matter 2 months after sowing and root : shoot ratio. Soil pH (H2O) was 

only significantly correlated with total dry matter accumulation 3 months after sowing 

and dry matter leaf sheaths 4 months after sowing. Association with soil pH and Mg 

except on yield was negative; the rest of significant associations were positive.

In 2002 (Table 67) significant association at 0-5cm soil was between soil P and dry 

matter accumulation 2 months after sowing (total, leaves, stems) and days to 50% 

maturity; and between soil pH and leaf dry matter weight 2 months after sowing (pH^o); 
total dry matter 3 months after sowing (pHkci); panicle dry matter weight 3 months after 

sowing (pHH2O and pl Ikci) and days to 50% flowering (pHwzo and pHkci)- Correlations 
with soil P were negative for stem and leaf dry matter accumulation 2 months after 

sowing. The rest of significant correlations with P at 0-5cm were positive. At l5-20cm 

depth significant correlations existed between soil K and panicle dry matter 3 months 
after sowing and 1000 seed weight; Ca and total as well as leaf dry matter 3 months after 

sowing; and between NH4+-N and total dry matter 1 month after sowing and number of 
seeds per panicle. No other significant correlation was shown in this 2002 experiment.
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(2) Association of soil nutrients with seedling growth and seedling vigour.

180

There was slight improvement in soil P and total %N as a result of the ox-ploughing 

cultivation. This was due to the incorporation of above-ground biomass into soils during 

the cultivated fallow period. The increased nitrogen level might have contributed to 

finger millet yield through mineralization during the growing period. Other nutrients 

remained statistically the same as in sesa plots (Table 68). Since NIl/’-N and NO3-N 

concentrations were not significantly any better in ox-ploughed plots than in sesa plots, 

most of the better crop performance in the ox-plough plots may be attributable to greater 

P concentration than in sesa plots.

IV : Ox-ploughing

(1) Changes in soil fertility

(3) Association of soil nutrients with plant growth and yield
Correlation analysis (Table 70) has shown to be to a great extent in favour of the 

involvement of P in influencing better crop growth performance in ox-ploughed plots 
than in sesa plots. Among soil nutrients P was strongly associated with most plant 

growth and yield parameters. Except for leaf sheaths three and four months after sowing 
and stems four months after sowing, dry matter accumulation was persistently strongly

Correlation of seedling growth/vigour with soil nutrients is presented in Table 69. All 

parameters measured (post-emergence) were significantly correlated with total %N 

except root length (and tillering). Seedling weight was moderately correlated (P < 0.05); 

the rest were highly correlated (P < 0.01). P in the ox-ploughing experiment behaved in 

the same way as total % N but the relationship was weaker. K' was significantly 

negatively correlated with all parameters except emergence count, number of leaves, 

tillering, number of roots and root penetration index. It is difficult to speculate reasons for 

this negative correlation. Ca2+ was positively correlated with leaf length, leaf width and 

seedling weight. No other nutrient was significantly correlated with seedling parameters. 

Seedling emergence count was not significantly associated with any soil nutrient or soil 

condition.
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correlated with soil P. The nutrient was also strongly positively correlated with yield, 

number of’seeds per panicle, seed weight per panicle and seed size (1000-seed weight). 
NI1.|+-N was only remotely associated with plant performance, having dwarfing effect on 

plant height (negative correlation) and no other significant association except with days 

to 50% flowering. NOf-N was to some extent significantly and positively associated with 

dry matter accumulation (one month after sowing, four months after sowing and at 

harvest) and plant height. Unlike N11Z-N, NO3-N had slowing effect on flowering. 

Association with total soil %N was also strong and positive (except root: shoot ratio) and 

this is most likely reflecting greater organic matter content in ox-plough plots as it is also 
observable with soil %C.

Among soil nutrients Ca2+ and Mg2r did also have some slight significant association 

with crop performance. K1 had significant negative correlation with many crop growth 

parameters and this is most likely because there was slightly much more K+; though not 

significantly (P < 0.05); in sesa plots than in ox-plough plots. As it can be seen in Table 

70, %N and P showed highly pronounced association with growth and yield parameters. 

Since correlation coefficients for these two elements were positive (with two exceptions) 

we may argue that most of the crop growth parameters and yield recorded owe to these 
nutrient elements. Most plant growth and yield parameters showed that they were 

increasing with increasing soil %N and P; showing growth-promoting effects of the two 
elements. Other nutrients that showed significant association with plant growth 

parameters in most instances were negative, indicating a suppressive effect to growth, 

development and yield (P < 0.05). More details are shown in the table of results.
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C : Overall multilocational performance
Even though this study has been carried out in an extensive area exploring a wide range 

of localized practices and environments, there is need to have a generalized view or 

statement of performance of the crop across locations and with a more critical evaluation 

of different production practices. In general, crop performance was very much dependent 
on method of land preparation which is very much related to soil fertility. Below is made 

a brief explanation of comparative yield performance of the crop under different 

cultivation systems and agro-environments.

Thus nkule and ntemele were the most productive systems of finger millet cultivation. 

Nkomanjila is also comparatively quite productive but not as productive as ntemele and 

nkule. The ntumba system of cultivation maintained yield at almost 120g/m (1.2t/ha) 
over two seasons (2001 and 2002). This system was not statistically better than normal 

cultivation that was it’s control (sesa). Among the systems of cultivation ox-ploughing 

was least productive but this is not because of cultivation system, it was instead because 

of very poor soil fertility in the area (Chapwa). As also reported previously, ox-ploughing 
improved yield but the yield was still low, in reality lower than yield under sesa 

cultivation in Bara. Regardless of area in consideration, the slash and burn or nkule 
cultivation practices improve production substantially; this is due to improvement in soil 
fertility resulting from ash and burnt soil; which will be elaborated more in section 4.4.

1. Multilocational yield performance
Results on yield performance of the finger millet crop in relation to cultivation system 

and the different experimental locations arc presented in Fig. 24. Best average yields 
according to cultivation system (557g/m2 or 5.57 tons ha’1 in 2002 and 500g/m2 or 5.0t 

ha'1 in 2001) were obtained from ntemele and nkule systems, respectively. Exceptionally 

high yield of 794g/m2 or 7.9t ha’1 was obtained from plants growing in the nkule mound 

area (pilyala or pilot) from where burnt soil and ash was spread to level off the mounds 

prior to sowing. Average yield in the nkule system must however be obtained by 

harvesting from both the pilyala/pitoi and ash spread (apamsilinsi) area and usually yield 

in the apamsilinsi/spread area is much less than in pilyala area.



Any attempt to practice sesa cultivation in nkule area, on the other hand, is wastage of

Yield (t/ha.)

0 1 2 3 4 5 6
7 8 9

Nkule sesa 2002

Nkule Apamsilinsi 2002

Pilyala/Pitoi 2002

Nkule 2002

Nkule sesa 2001

Nkule Apamsilinsi 2001

Pilyala/Pitoi 2001

Nkule 2001

JOx-ploughing sesa

Ox-ploughing

Ntumba sesa 2002

Ntumba 2002

ZZJNtumba sesa 2001

Ntumba 2001

Slash and burn sesa 2002

Slash and burn 2002

Slash and burn sesa 2001

Nkomanjila ■

Ntemele 2001

Fig. 24. Yield of finger millet in response to different cultivation systems in 2001 and 2002.
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As already stated the only multilocationally significant determinants of yield were the 

number of panicles/m2 and number of seeds per spike. Fig. 25 shows positive correlation 
between yield and number of panicles/m2 in all experiments except slash and burn 

experiment in 2001. Here, a question should be answered if the contribution of the 
number of panicles per unit area to the yield is either due to increased tillering or number 

of plants per area. The number of plants and tillers were measured only in the experiment 
of 2002. The results show that the number of plants/m2 is almost identical to the number 

of panicles/m2 (Fig. 26). Similarly, number of tillers was not very much different from 

number of plants and number of panicles (Fig. 27 and 28). If such result is extrapolated to 
the results of 2001, we could interpret the Fig. 25 more accurately that number of plants 
at harvest time is the most determinant factor to the yield in the area. As will be discussed 
in 4.4, prevailing poor soil conditions inhibit the growth of finger millet to the extent that

2. Yield components

fable 71 presents yield component analysis combining data from all multilocational 

experiments and also exploring individual experiments. Multilocational experimental 

data revealed the number of panicles per m2 and number of seeds per spike to be 

significant determinants of yield. When individual experiments were examined, however, 

the number of spikes per panicle and weight of seed (or 1000-sced weight) in addition to 

number of panicle and number of seed per spike, were found to be important 

determinants of yield in the slash and burn experiment in 2001. In 2002 in slash and burn 

experiment, however, it was the number of spikes per panicle and number of seeds per 
spike that were significant determinants of yield. Number of panicles per m2 and weight 

of seeds were not significant. The different components of yield were most pronounced 

as determinants of yield only in the slash and burn experiments. In ntumba (2001) and 
ox-ploughing experiments it was only the number of panicles per m2 that was 

significantly associated with yield (P < 0.05). In the nkule system of cultivation all yield 

components did not show any significance in determining yield in both 2001 and 2002 
experiments.



Data source
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Table 71. Multiple regression coefficients for the determination of yield from yield 
Components in multilocational experiments.

tillering and subsequent increase of harvest depend mostly on the main stem panicle; 
tillering and subsequent increase of panicles have less contribution to yield.

Multilocational experiments
Slash and burn experiment 2001
Slash and burn experiment 2002
Ntumba experiment 2001
Ntumba experiment 2002
Nkule experiment 2001
Nkule experiment 2002
Ox-ploughing

per spike
1.75*

2.545** 
2.367* 
-1.744 
0.278 
2.405 
2.166 
1.37

Seed 
weight 

70800.472 
30.345*** 

201248.713 
4.993 
0.204 

268.413 
1592231.75 
27657.729

* Significant at 0.05 level
** Significant at 0.01 level
*** Significant at 0.001 level

per m2
1.807**
0.394*

273.559
0.768*
1.072

-1.943
0.48

0.298*

Yield component and regression coefficient 
No. of panicles No. of spikes No. of seeds 

per panicle 
1.903 

78.626* 
145.298* 

-77.041 
1.324 

19.597 
34.142 

14.56

In the slash and burn experiment of 2001, negative effects of increasing number of 
panicles/m2.to the yield was observed (Fig. 25). Here yield was determined therefore by 

panicle size rather than number of panicles, and the multiplication of number of panicles 

and panicle size becomes well correlated with the yield throughout the experiment (Fig. 

29). In situations where soil fertility is very good, it seems that early plant growth is very 

vigorous and there is high interplant competition leading to reduction in plant population 

thereby overshadowing less vigorous plants. This could be what happened in ntemele 

plots in 2001. In low fertility plots (no burning and nkomanjild) comparatively high plant 

density was retained because plant growth was not very vigorous therefore no shading 

effect took place.
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Fig. 25. Relationship between number of panicles per tn2 and yield in different 
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r - 0.98***

Fig. 27. Relationship between number of tillers and number of 
panicles per unit area of land.

O

c 
o 
O-

E

CM
E—
S
i= 150

Plants /m2
Fig. 26. Relationship between number of plants and number of tillers per unit area of land.

200

Tillers /m2



300

250

200

100

50

0

0 250 30020050 100 150

1400 p

1200

1000

800

600

400

200

700600100

191

CM

E

CM

E—u>
2 
q»

Fig. 29. Relationship between finger millet yield and combined effects of panicle 
size and number of panicles/m2

in
150 o 

'c □ 
Q-

Plants /m2
Fig. 28. Relationship between number of plants and number of pancles per unit area of 
land.

200 300 400 500
seed wt. (g)/panicle x panicle /m

o



192

3. Vegetative growth determinants of yield

Results presented in previous sections of this report have shown trends in plant’s 

vegetative growth that were retained and reflected in crop yield at the time of harvest. 

There existed a strong overall relationship between seedling’s vigorous growth and 

subsequent plant growth (expressed as plant height and dry matter accumulation or total 
biomass) and yield. These arc illustrated in Figures 30 - 32 and Table 72. In general, 

vigorous seedling condition was related with more grain and biomass yields and taller 
plants. As it can be seen in Table 72, almost all seedling vigour parameters measured 

except root length and root penetration index were, most of them very strongly, 

significantly related with plant height (harvest time), lota! biomass and yield. It is only 

root growth notably root length and sometimes number of roots that were not having 

significant correlations. In addition to the seedling vigour parameters seedling emergence 

count was significantly positively correlated with total plant biomass (P < 0.05). No other 
subsequent plant growth or yield parameter under scrutiny here was having significant 

relationship with emergence count. Multilocationally plant count at harvest (expressed as 

number of whole plants; or number of paniclcs/m2 for 2001 experiments where number 

of whole plants was not recorded) was not having any significant relationship with any 

seedling parameter measured. When analyzed on individual experiments basis, however, 

plant count at harvest in ntumba experiment in 2001 and in slash and burn and ox­

ploughing experiments was significantly associated with seedling size index. This is 

illustrated in Table 73. Plant count at harvest for slash and burn experiment in 2002 was 

also significantly associated with seedling dry weight. Total plant biomass (also in Table 

73) increased with increasing seedling weight and seedling size index except in the 
ntumba system of cultivation (both in 2001 and 2002). Yield behaved exactly in the same 

way as biomass except in seedling size index in ntumba 2002 experiment; as it can be 

seen in the table.
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Table 72. Correlations of seedling vigour and subsequent plant growth and yield

Vigour parameter

194

Emergence count 
% number with tillers 
No. of leaves per seedling 
Leaf length 
Leaf width
Seedling canopy width 
Seedling height
No. of roots per seedling 
Root length
Seedling dry weight 
Seedling size index 
Root penetration index

Yield 1000-seed 
_ weight 

0.57 
0.17 

-0.02 
0.11 
0.17 
0.13 

0.003 
0.17 

-0.38 
0.32 
0.09 

0.62*

0.39 
0.78*** 
0.87*** 
0.83*** 
0.83*** 
0.83*** 
0.82***

0.7** 
-0.01 
0.61* 

0.78** 
0.12

Total 
biomass

0.66*
0.77**
0.71**

0.79***
0.75**
0.77**
0.73**

0.55
-0.16
0.65*

0.75**
0.37

0.3 
0.83*** 
0.79*** 
0.79*** 
0.76** 

0.78*** 
0.75** 
0.63* 
-0.08 
0.57* 

0.75** 
0.19

Plant count Plant height 
at harvest 

0.25 
0.37 

0.4 
0.42 
0.43 
0.41 
0.44 
0.36 
0.12 
0.29 

0.4 
0.19

* Significant at 0.05 level
** Significant at 0.01 level
*** Significant at 0.001 level

The first indication of success in growing a crop is to ensure its optimal establishment in 

the field. Proper crop establishment up to harvest time and yield are derivatives of the 

conditions that allow good seedling emergence and seedling growth as the first assurance 

of subsequent growth and yield performance. Though under good conditions crop 

establishment is likely to reach optimal levels, small changes can also bring pronounced 

results. This is usually what happens most frequently in crops grown in different 

localities or seasons. Fig. 33 shows multilocational crop establishment data in relation to 

different cultivation systems and cropping seasons. Crop establishment (in finger millet) 

is considered as number of seedlings that emerge and establish, into whole plants retained 

up to harvest; and the production of tillers and the number of productive panicles that 

ultimately contribute to grain yield. As it can be seen in the figure seedling emergence 

counts in 2001 were substantially better than in 2002 and this was because rains in 2001 

were very good and came on time. In 2002 rains were less and very erratic even during 

planting therefore less seed germination and seedling emergence in the field.



Plant Parameter Harvest time

195

Table 73. Relationship between seedling emergence count and seedling vigour with plant 

density at harvest, total biomass and yield in different cultivation system experiments.

Seedling parameter correlation coefficients 
Emergence Seedling Seedling Size
count weight Index

0.29
0.31
0.46
0.48

-0.21
0.54

0.35
0.33
0.55
0.52

-0.39
0.51

-0.18
0.17

0.2
0.2
0.3

0.36

-0.37
0.44
0.41

0.74*
0.02
0.66

-0.54*
0.63*
0.70*
0.80*
0.56
0.53

Quality of seed used for planting can also be a reason for poor seedling emergence but 

because usually it is most unusual to check quality of farmers’ own seed (in Tanzania and 
probably elsewhere) before planting we can not be sure of the influence of seed quality. 

Seedling emergence count in the slash and burn experiment in 2001 (in Bara) was almost 

twice as much as in 2002 (in Kakozi). In ntumba system while the highest seedling count 
in 2001 was as high as more than 400 seedlings/m2 in 2002 it was less than 300. Since the 

ntrnnba experiment was conducted in the same place (Kakozi) in both 2001 and 2002 we 

are sure that location of the experiment is not reason for variability in seedling emergence 

count; rather the reason would be as stated earlier (poor rains or seed quality); especially

Plant count/density
Slash and burn experiment 2001
Ntumba experiment 2001
Ox-ploughing
Slash and burn 2002
Ntumba 2002
Nkule 2002
Total biomass
Slash and burn experiment 2001
Ntumba experiment 2001
Ox-ploughing
Slash and burn 2002
Ntumba 2002
Nkule 2002
Yield
Slash and burn experiment 2001
Ntumba experiment 2001
Ox-ploughing
Slash and burn 2002
Ntumba 2002
Nkule 2002

0.75***
0.25

0.96***
0.75* 

-0.2 
0.84**

0.91***
0.42

0.91***
0.88“
-0.38
0.79*

0.85“
0.4

0.95***
0.83“
-0.36

0.91“

0.91***
0.46

0.91***
0.94***
-0.74*
0.85*

n = 15 for slash and burn 2001 experiment 
n = 10 for ntumba and ox-plough experiments 
n = 8 for 2002 experiments

* Significant at 0.05 probability level
** Significant at 0.01 probability level

*** Significant at 0.001 probability level



so because the same fanners were responsible for sowing in both years (seed rate).
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The experiments conducted in 2002 were all located at the same place. For this reason the 
number of plants/m2 and number of tillers/m2 whose data arc available only for 2002 can 

be discussed only in relation to system of cultivation. Few unusual observations arc 

obvious from the data (Fig. 33). The number of seedlings/in2 (emergence count) for nkule 

sesa and nkule apamsilinsi plots was less than number of plants/m2 at the time of harvest; 

there is no reason for this other than the fact that counts at the time of harvest were made 
after uprooting plants from 1.0m2 area for other measurements too. This 1.0m2 area was 

not exactly the one where seedling emergence count was made 2 weeks after sowing, as 

samples were taken from such areas at monthly intervals. Il is interesting to note from the 
data that the number of plants/m2 at harvest in sesa plots in 2002 experiments was least in 

all treatments (slash and burn, ntumba and nkule experiments). Il was highest in ntemele 

plots and slightly higher in nkule pitoi than in ntumba or nkule apamsilinsi plots. It is 

obvious from number of tillers data that plant growth was more profuse (vigorous and 

more tillering) in ntemele (288 tillers/m2) and nkule (256 tillers/m2) pitoi plots than in 

other plots and least in sesa plots (67 - 105 tillers/m2). Likewise the number of panicles 
per m2 was least in sesa plots than in other plots in all but one experiment (slash and burn 

2001) and both in 2001 and 2002. From these data on seedling emergence count, number 
of plants/m2, number of tillers/m2 and number of panicles/m2 we may conclude an 

obvious existence of beneficial effects of the systems of cultivation that fanners practice 

against conventional and more usual sesa cultivation which was the control for these 

experiments.

9
In previous sections it has been shown that the number of panicles/m was very 
determinant of yield. For the slash and burn experiment in 2002; ntumba experiment in 

2001 as well as nkule (pitoi, apamsilinsi, sesa) experiments in both 2001 and 2002 the 
more the number of panicles/m2 the more the yield. The slash and burn experiment in 

2001 was a very conspicuous exception where more yield was obtained from less number 

of panicles (number of panicles per m2 was highest in sesa plots). In this experiment yield 

determinant was panicle size rather than number of panicles. It is true in all situations that
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larger panicles will contribute to more yield; but for reasons of soil fertility and interplant 

competition the field situation docs not always allow larger panicles. Crop establishment 

in the slash and burn plots in 2001 was exceptionally good: seedlings were very vigorous 

and grew very quickly so that most vigorous seedlings suppressed many less vigorous 

seedlings (and plants) and replaced them completely therefore low plant population. 

Yield in the ntumba experiment in 2002 also took advantage of panicle size but the 

difference in yield between ntumba and control plots was very negligible.

Both plant population and accumulation of dry matter are very important in determining 

crop yield. Though they may be acting in different ways they both attempt to achieve the 

same goal of maximizing productivity. Water and nutrients from the soil contribute to 

increased dry matter accumulation with the help of atmospheric CO? and solar radiation. 

Plant population regulates how much these plant growth resources is taken and utilized 

by individual plants in presence of other plants. Shading effects of larger plants suppress 

and eliminate smaller plants leading to lower plant population. Competition for soil 

nutrients and w'ater may as well reduce plant population but mostly via shading effect 

when more competitive plants grow' vigorous enough to prevent solar radiation reaching 

smaller plants; otherwise it may just cause stunted growth therefore less biomass and 

yield.

Early growth performance of the crop can help to predict subsequent crop growth and 
yield. Fig. 34 relates seedling emergence count and number of plants/m2 at harvest time. 

As it can be seen in the figure, where emergence count was high plant count at harvest 
was also high except for the slash and burn experiment in 2001. This means that except 

under specific conditions seedlings that emerged after germination were retained in more 

or less equal proportions up to harvest. In the slash and burn experiment in 2001 seedling 

count was highest in ntemele plots and because seedlings were also very vigorous here 
due to high fertility; intcrplant competition became very pronounced during crop growth 

and establishment, leading to reduction in plant population as observed at harvest time. In 
other experiments (except ntumba 2001) as it can be seen in the figure the higher the 

seedling emergence count the more the plant count at harvest showing that in these
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experiments plant population reduction factors during crop growth and establishment 

were more or less the same. Probably because of comparatively lower seedling vigour 

than where there was burning (see figure 35) intcrplant competition did not become 

intense therefore its influence on plant population was not very drastic.

Fig. 35 relates seedling vigour (expressed as seedling weight) performance with 

individual plant growth and yield. The relationship is evidently positive and 

complimentary in many situations. Panicle size (expressed as seed weight per panicle) 

and yield (among other yield parameters) can be singled out for reference in relation to 

seedling vigour. As it can be seen in the figure panicle size increased almost in direct 

proportionality w ith seedling weight ignoring individual trends shown in each experiment. 

1 his suggests that when we have vigorous seedlings it is a good prospect for good crop 

yield. Vigorous seedlings grow and establish quickly to exploit fully the radiation energy 
from the atmosphere and nutrients from the soil. They develop greater photosynthetic 

surface which enable them maximize on production of assimilates; they also establish a 
vigorous and extensive root system thus able to absorb more nutrients which contribute to 

quicker and more aggressive growth. During seedling growth the soil is richer in nutrients 

because leaching losses and crop removal have not yet taken place appreciably. Available 

nutrients concentration in the soil root zone matrix is gradually reduced as crop grows 
and may be depleted if soil fertility was not high or if nutrient losses from leaching and 

run-off are high. Because vigorous plants developing from vigorous seedlings are able to 

absorb nutrients from deeper and more extensive area of the soil they can take more 

nutrients from the soil than less vigorous plants even when soil nutrients concentration is 
becoming depleted. Thus vigorous seedlings is a very advantageous condition where 

variation in seedling vigour exists and is a good indication of good soil fertility and a 

warranty of good crop establishment and yield.
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Figures 36 - 40 show relationship between total plant biomass, plant height, plant count 

at harvest and yield. As it can be seen yield and biomass were strongly related (Figure 

36) to each other (almost in direct proportionality), with plant height; and in varying 

degrees with plant count at harvest. The relationship between plant biomass or yield with 

plant height (Fig. 37 - 38) was complimentary and almost in a straight line association. It 
reflects dry matter accumulation; the taller the plants the more biomass or yield they 

produced. The relationship between plant count at harvest and yield or biomass was 

available depending on type of land preparation (cultivation system). As it can be seen in 

Figures 39 and 40 in the slash and burn experiment in 2001 there was reduction in plant 

biomass and yield as respective plant counts increased. In the same slash and burn 

practice in 2002 there was increase in yield and biomass with increasing plant population. 

Interplant competition related to initial plant population (emergence count) is reason for 

these opposing trends. In the 2001 experiment initial plant population was very high and, 

as a necessity, interplant competition played a regulatory role and resulted in few, 

vigorous plants, so vigorous to record high biomass and grain yields. In 2002 experiment 
initial plant population was not very high and unit land surface could accommodate more 

plants that would contribute to yield or biomass increase; as it has invariably been 

discussed previously.
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4. Vegetative growth performance and soil condition relationships

Figures 41 and 42 show relationship between soil pH and seedling emergence count and 

seedling vigour (seedling weight). Overall, emergence count and seedling weight 

increased with increasing soil pH. This was for all experiments except ntumba in 2002 

where seedling weight (Fig. 41) remained almost unchanged with increasing soil pH. In 

the ntumba experiment seedling weight was reduced slightly with soil pH increase from 

6.3 - 6.5. In 2001 slash and burn experiment seedling weight between nkomanjila and 

ntemele increased very substantially while the change in soil pH was very minor.

The relationship between soil pH and seedling emergence count was almost of the same 

trend as with seedling vigour. In the ntumba experiment in 2002 seedling emergence 

count increased with some slight decrease in soil pH; as it can be seen in Fig. 42. The rest 

of the experiments showed increasing emergence count trends with increasing soil pH. 

We may conclude from these findings that in most situations increasing soil pH supports 

seedling emergence and seedling vigour. It seems that seedlings are particularly very 

sensitive to small changes in soil pH when the pH is low. As it can be seen in Fig. 41 and 

42 the slope of the trend-lines for nkule and ox-ploughing experiments was very steep at 

soil pH less than 6.5 showing high responsiveness of seedling emergence and early 

growth (dry matter accumulation/vigour) to low soil pH. Seedling emergence count was 

less responsive at pl 1 above 6.5. Seedling weight (vigour) was also less responsive except 
in slash and burn experiment in 2001 between nkomanjila and ntemele. It is difficult to 

predict what factors are responsible for high sensitivity of seedling emergence and early 

growth (vigour) to low soil pH and not so to considerably higher levels of soil pH. In 
addition to this conclusion, results from the ntumba experiment in 2002 and from 

experiments where ash and soil burning is involved suggest that other factors are also 

responsible for increasing seedling performance.

Among soil nutrients soil P, NH/-N and NO3-N played significant role in promoting 
seedling performance, as already shown in previous sections. Fig. 43 - 48 illustrate more 
the relationship between the soil nutrients and seedling emergence and weight 

(representing seedling vigour). More evidence can be obtained in correlation analysis



results presented in previous sections.
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Figures 47 and 48 show the relationship between soil P and seedling emergence count 

and seedling weight. Response to P for both seedling emergence count and seedling 
weight was not as pronounced in other experiments as it was for the slash and burn 

experiment in 2002.

Figures 43 and 44 show relationship between NIl/’-N and NO3-N with seedling 

emergence count. As it can be seen in Fig. 43 multilocationally seedling emergence count 

increased with either slight increase or slight decrease of soil NH./-N. Increase with 

slight increase of soil NH/-N was in nkule experiment in 2002: ntumba 2002 and in 

slash and burn experiment in 2001. Increase with slight decrease was in slash and burn 

experiment in 2002; nkule 2001 and in ox-ploughing experiment. The trends show that 

the influence of NFLT-N was minor, except in ntumba and nkule experiments in 2002 

seedling emergence count increased almost independent of NII4 -N. In Fig. 44 

relationship with soil NO3-N is shown. With NOf-N there was a more increasing 

seedling emergence count trend with increasing soil NO3-N. In ntumba 2001 experiment 

and in slash and burn experiment in 2001 between nkomanjila and ntemele emergence 

count increased with decreasing soil NOo'-N. It was also slightly so in ntumba experiment 

in 2002. Fig. 45 and 46 show relationship between soil NIL- N and NO3-N with 
seedling weight. Except in slash and burn and nkule experiments in 2002, changes in 

seedling weight did not seem to depend on extensive changes in soil NHZ-N (Fig. 45). 

Likewise response to soil NO3-N was quite limited but with positive trends in most 

experiments (Fig. 46).
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The relationship between plant height and soil NO3 -N is shown in Fig. 53. Except in the 

slash and burn experiment in 2001 between nkotnanjila and nteniele plant height 
increased with increasing soil NO3-N in all other experiments. In the ntumba 2001 

experiment, however, the increase in plant height was very slight, about 0.1cm as soil 

NO3 -N increased from 0.23 - 0.45 cmol(+)/kg.

In addition to relating the soil nutrients NH/-N, NO3-N and P with seedling 

performance as also revealed in correlation analysis, these nutrients were also most 

frequently associated with biomass increase and plant growth in height. Figures 49 - 54 

show relationship between soil NFL/-N, NO3-N and P and total plant biomass and plant 

height. Biomass increased with soil NI-LZ-N in the nkule 2002 and slightly in slash and 

burn 2001 experiments (Fig. 49). In the rest of the experiments increase in plant biomass 

was associated with al least slight decrease in soil NH4+-N. Total plant biomass response 

was more positive to soil NO3 -N and P. In all experiments regardless of location and 

season there was increase in plant biomass with increase in soil NCb’N; except in the 

slash and burn experiment in 2001 between nkonianjila and nteniele (Fig. 50). Likewise 

biomass increased with increasing soil P except with slight alterations in the ntumba and 

nkule experiments in 2001 (Fig. 51).

Figures 52 - 54 show relationships between soil NH.|r-N, NO3 -N and P and plant height. 

Relationship between soil NHZ-N and plant height is presented in Fig. 52. lhere was 
increase and decrease of plant height with increasing soil NHZ-N; there was also some 

increase in plant height with decreasing soil NUZ-N. Increase in plant height with 

increasing NH4+-N was recorded in the nkule experiment in 2002 and slightly in slash and 

burn experiment in 2001. Decrease in plant height with increasing soil NH4 -N was 

observed in the ntumba experiment in 2002. Increase in plant height with decreasing soil 

NH4+-N was observed in slash and burn experiment in 2002 and in the ox-ploughing 

experiment. The slope for the slash and burn experiments was very steep and also both 

positive and negative. This probably suggests irresponsiveness ot the plant height to soil 

NH4+-N.
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A very positive trend existed between soil P and plant height (Fig. 54) where in all 

experiments regardless of location and season plant height increased, at least slightly, 

with increasing soil P. The increase was most pronounced in the slash and burn 

experiment in 2002.

5. Multilocational yield performance and soil condition relationships.

Multilocational assessment of yield reveal similar trends relating the yield with soil pH, 
total N, C, N11./-N. P and K. Yield was most responsive to soil nutrients or soil reaction 

(pH) in slash and burn and nkule cultivation practices. Response in ntumba or ox­

ploughing cultivation systems was very much limited. Yield was generally low in these 

systems, and did not vary much between the systems {ntumba, ox-ploughing) and their 

controls {sesa) therefore a small response surface. In general these two systems behaved 

almost the same as the controls for slash and burn cultivation experiments in both 

locations (Bara and Kakozi) and seasons (2001 and 2002).

Based on trends in the nkule system of cultivation it is likely that soil pH plays a role both 

in increasing and reducing finger millet growth and yield. At pH levels 5.7 and 5.8 

respectively for 2002 and 2001 experiments crop growth in the nkule system was 
severely prevented; almost absent and therefore no yield. As pH increased from these 

levels yield also increased, as we can see from the figure. It is likely therefore that in

Fig. 55 illustrates multilocational relationship between soil pH and yield. It can be seen 

from this figure that as a general trend yield increased with increasing soil pH; especially 

so in slash and burn and nkule systems. The increase in yield with increasing soil pH 

seem to be extensive; from as low as about 10g/m2 at pH 5.7 up to about 450 - 800g/m 

(4.5 - 8 tons/ha) at pH range between 7.4 - 8.2. High pH range in slash and burn and 

nkule cultivation systems was due to ash which must also be partly responsible for 

increased yield. Soil pl I changes in ntumba and ox-plough systems were not pronounced 

with ranges not even as much as 0.5 units. Likewise yield changes in ntumba and ox­
plough systems were quite small and for this reason there is no much inference that can 

be made on these systems regarding soil pH and yield.
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nkule sesa plots there was no crop growth partly because of restrictively low pH; whose 
effect was most pronounced in retarding seedling growth.

Figures 56 and 57 show the relationship of finger millet yield with total soil N and C. As 

it can be seen in the figures there was a general tendency of yield either declining with 

increasing soil %N and %C or showing no response. Most notable response as trend-lines 
show was consistently negative and varying extensively in the nkule system of cultivation, 

apparently because of comparatively low organic matter of the soil/ash mixture after 
nkule burning. Response in the slash and burn cultivation was slightly negative but with 

very little variability in 2002 experiment at Kakozi while in 2001 experiment there was 
practically no response at all. This lack of response is likely due to low organic matter 

content in the soil prior to burning therefore lack of variability even after burning.

Except for ntumba experiments a general trend has been association of high yields with 

increasing soil pH regardless of location. Especially in ash-based systems {nkule, slash 

and bum) there is an obvious yield dependence on increasing soil pH. It seems that in 

these traditional cultivation systems farmers arc convinced that regulating the soil 

reaction (pH) among other changes in the soil associated with addition of ash is 

responsible for assurance of good crop yields. Even though it is difficult to relate soil 

reaction directly with good crop growth and yield farmers have been exploiting 

indigenous experience with good results and it is likely that soil pH alone can be 

contributing to increased crop growth and yield apart from other factors. Clues of this can 

be argued from nkule experiments where changes in available soil nutrients were not 
substantial following burning but crop growth and yield increased substantially with 

increasing soil pH as addition of ash to the soil also increased. Thus indigenous farmer 

cultivation practice is advantageous in multiple aspects including regulation of soil 

reaction (pH).
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Yield response to soil P is shown in Figure 58. There was practically no response in the 

nkule experiment in 2001 (Zclezeta). Response increased with increasing soil P in the 

slash and burn system and in the nkule experiment in 2002. Response was comparatively 

high in slash and burn experiments and in nkule experiment in 2002. There was 

especially very wide margins in yield with soil P fertility in the 2002 slash and burn 

experiment, but the rale of change of yield with changes in soil P was much lower than in 

2001 slash and burn and 2002 nkule experiments. All these trends are difficult to explain. 

Lack of response in nkule 2001 experiment in Zelezeta is likely due to lack of variability 

in soil P and in this experiment it is evident that factors other than soil P were responsible 

for growth and yield determination.

Figure 60 and 61 show plant yield response to nutritionally active N (in-organic) in the 

soil (NH4r and NO3’ -N). Probably response to soil NH4T-N is more variable than 

response to other nutrients. Unlike with the other nutrients in most instances finger millet 

yield response to NH4+-N (Fig. 60) showed opposing trends with respect to seasons (and 

locations) especially in nkule and slash and burn experiments. No known reason is likely 

to explain this. Fig. 61 shows yield response to soil NO3 -N. In this nutrient response was 
positive for almost all experiments. Response in ntumba 2002 experiment was very 

insignificant. More conspicuous response was observed in the slash and burn experiment 

in 2002 and in nkule experiments.

Yield response to soil K is presented in Fig. 59. There were generally more or less 

opposing trends between slash and burn systems and the other systems. In slash and burn 

experiments yield increased with increasing soil K. In other experiments except with 

minor exception of nkule 2001 experiment yield showed decreasing trend with increasing 

soil K.
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Except for the seed sample with the lowest germination capacity, all the wet-processed 

seeds were significantly better in mean germination time than the dry-processed seeds. 

The sample with the lowest germination was also slowest in germination.

Results from germination test of the seeds collected from farmers have shown that 

submersion or soaking-processed seeds were not discriminately different from those 

processed by normal, dry method. All soaking-processed samples collected from farmers 

were the same in germination capacity as dry-processed seeds. Probability is high, 

however, that submersion processing was associated with some deterioration of the seed, 
but this was not consistent. Drying after processing and storage conditions need also to be 

under consideration among determinants of germination. In this investigation soaking- 

processed seeds may be rated the best as both germination capacity and speed ol 

germination were comparatively very good. Despite high germination capacity the speed 
of germination for the dry-processed control was low and most of the wet-processed 

samples were better. One submersion-processed sample was slowest in germination but 
because it was also the one with lowest germination capacity, we may consider this 

sample as not typically representing the wet-processing method but probably having been

4.3.2. Crop processing and seed technology

I. Farmer’s practice

Results from this research have shown that submersion and soaking techniques as 
practiced in Ilejc District are viable methods of finger millet processing. Data on 

performance of seeds processed by submersion and soaking methods prior to collection 

from farmers are presented in Table 74. High percentages of germination were achieved. 

In quality, submersion and soaking-processed seeds seem to be as good as normal dry- 

processed seeds. Lowest germination percentage was 79.5. w ith as high as 97.8%. Two 

out of five wet-processed seed samples were significantly lower in germination capacity 

than dry-processed seeds. One submersion-processed sample and both the soaking- 

processed samples were statistically the same in germination capacity as the normal- 

processed seeds. The sample with lowest germination (79.5%): which was submersion- 

processed, was also significantly different from the other submersion-processed samples.
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subjected to adverse conditions unrelated to the processing method. In this view, 

therefore, we may argue from the rest of the data that wet processing improved the speed 

of germination. Literature advocates increased speed of germination following prolonged 

pre-exposure of seeds to wet conditions adequate for imbibition of water and initiation of 

germination. This concept relates to priming, and has been extensively researched on in 

many crops (1 leydecker and Coolbear, 1977; Bradford, 1986; Alverado et al, 1987). The 

seeds collected from farmers show some indication of quicker germination of wet- 
processed than dry-processed seeds, though inconsistently.

Results from the submersion-processing experiment point out aeration and dormancy as

II. Submersion processing experiment

Results from the submersion processing experiment are presented in Tables 75 and 76. 

When seeds were tested for germination about one month after processing germination 

was low for both Ileje and Katila varieties. Mean germination for the Ileje variety was 
only about 9% and highest germination was 17.3%. Germination of Katila variety one 

month after processing was 33.7% on average and highest germination 49.2%. Most of 
the un-germinated seeds were, however, hard seeds. Eight months after processing, the 

seeds’ germination capacity rose up to a highest percentage of 89 for the Ileje variety and 
89.5 for Katila. In both Ileje and Katila, germination capacity was substantially improved 

during storage except where aeration problem was severe.

There was substantial response of the submersion-processed seed to aeration during the 

submersion period; especially eight months after processing. When water in the 
submersion processing experiment was changed everyday, germination of subsequent 
seeds eight months later became highest (and significantly better than any other 

frequency of aeration tested). For the Katila variety, when water was changed everyday 

germination of seeds one month after processing was also better than other frequencies 
(with exception of 14 days). In the Ileje variety, germination of seeds aerated everyday 

when tested one month after processing was almost the lowest (and significantly lower) 
than in seeds aerated after 7 or 14 days and the control (dry-processed).
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Results of this study confirm that submersion or soaking are practical seed processing 

methods in finger millet. Good germinability is retained on condition that during the 

period of submersion water is kept as permanently fresh as possible. There is need to 
investigate also the improvement in brewing quality that farmers attribute to the wet 

processing method. Specific physiological changes that most probably happen during the

The submersion experiment confirms farmers success in practicing this rather 
characteristic method of seed processing. Considering seed germination capacity there 

seems to exist no problem seriously disqualifying the techniques. Farmers resolve the 

limitation of aeration by maintaining a running water condition on the trough where the 
harvested crop has been submerged. Questions remain, however, as to whether aeration, 

loosely as the word is been used here, maintains germinability through oxygen supply to 

the seeds or by removing chemical products accumulating in the water during the 

submersion period when water is made fresh continuously or occasionally.

having much influence on the seeds so-processed. Presence of dormancy is evident from 

germination data one month after processing and eight months afterwards. The dormancy 

seems to exist for both varieties but more pronounced in the Ilejc variety. Probably the 

dormancy plays a very significant role in ensuring that the seeds do not germinate or 

drastically lose in germination during the processing. Poor aeration, on the other hand, 

has proved to be deleterious to the seeds. When dormancy was arrested by storage (eight 

months) it was only the seeds aerated most frequently (water changed everyday) that 
reached high enough germination capacity. With increasing duration of suffocation from 

7-35 days germinability was reduced, almost continuously, to lowest levels in samples 

where there was no aeration at all. It is interesting, nevertheless, that some seeds could 

still germinate in-spite of been continuously submerged for a long time. What is thought 

to be the best aeration condition in this experiment, on the other hand, was not adequately 

imitating the perfect running water condition and was necessarily to be conducted in this 
way. Probably this is why seeds processed under this aeration condition could not behave 

exactly like the seeds collected from farmers concerning the speed of germination; which 
was the same as that of the dry-processed control (8 months after processing).
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Sample 
number

Collection
site

Sange 
Nguruguru 
Isoko 
Mgaya 
Magcngc 
Sange

Submersion
Submersion
Submersion
Soaking
Soaking
Dry threshing control

Processing 
method

93.2c
79.0ab
76.5a
80.2ab
93.7c
88.0bc

Germination 
time

Table 75. Germination performance of seeds processed by submersion method 
one month after processing

Everyday 
7 days 
14 days 
28 days 
35 days 
Control

1.
2.
3.
4.
5.
6.

Germination
%

1,08a 
1.05a 
1.65c
1,00a 
1.02a 
1.43b

89.3b
91.1bc
79.5a
97.8c
96.3c
97.5c

49.2c
25.7ab
39.0bc
28.7ab 
16.0a 
43.5c

3.3b 
3.1b
2.6ab 
2.4ab 
2. lab 
1.8a

30.2ab
32.7ab
21.5a
34.2ab
44.2b
47.0b

4.3a
10.8b
17.3c
8.0ab
2.5a

1 1.3bc

3.9 
0.39
14.1
***

33.7
4.66
19.5
***

35.0
5.55

22.4
**

85.1
3.30
5.5

* **

Mean
S.E.+
CV%
Probability

Mean
S.E.+
CV %
Probability

2.5
0.31
17.5

**

2.9a
2.9a
3.3a
5.5b
5.9b
2.7a

9.0
1.86
29.2
***

1.21
0.05
6.4
***

91.9
1.85
2.80
***

*** Significant at 0.001 level.
Means bearing the same letter in a column are not significantly different.
Mean separation by Bonferroni (P < 0.05).

'1'ablc 74. Germination performance of wet-processed seeds collected from 
various places in Ilcje District.

*** Significant at 0.001 level.
** Significant at 0.01 level.

Means bearing the same letter in a column arc not significantly different.
Mean separation by Bonferroni (P < 0.05).

Katila variety
Time Hard seeds

Ilcje variety
Time Hard seeds
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Table 76. Germination performance of seeds processed by submersion method 
eight months after processing.

Everyday 
7 days 
14 days 
28 days 
35 days 
Control

89.0a
70.0b
70.2b
26.7c
17.2c
83.5a

2.1a
2.9a
2.3a
4.8b
6.6c
2.1a

9.0a 
27.0c 
25.2bc 
62.7d
72.7e 
16.5ab

Mean
S.E. + 
CV % 
Probability

59.4
3.27
7.8
***

35.5
2.63
10.50

3.1 be 
2.0a

3.5
0.39
15.6
***

2.6
0.27
15.0

*

89.5a
46.2b

0.25cd 
5.0b 
2.5bc
8.7a
3.5 b 
O.Od

51.3
7.3
10.3
***

1.24
53.1

*** Significant at 0.001 level.
Means bearing the same letter in a column arc not significantly different.
Mean separation by Bonferroni (P < 0.05).

2.2ab
2.4abc

36.5bc 2.9bc
24.0cd 3.3c 
13.5d 
98.2a

Ilcje variety
Time Hard seeds

Kali la variety 
fimc 1 lard seeds
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Thus farming systems have multiple components. The farm household (operational unit) 
is the central component; cropping or livestock systems are other components and either

ICRISAT (1974) seems to advocate an all-embracing perspective of farming systems 
when it considers it as a complex of development, management and allocation of 

resources for production and use of an agricultural product, as already mentioned earlier. 

This outlook allows fitting of the different components of farming systems as categorized 
by Fresco (1986); as crop or cropping sub-system, farm household sub-system, livestock 

sub-system; and the existing socio-economic and environmental conditions. The 
interaction between the different components or sub-systems in an operational farm unit 

typifies the farming system (Fresco, 1986).

5.1. Farming systems

Farming systems is a complex study embracing many issues that interact with each other 

to enable achieving agricultural improvement and rural development. As put forward by 

Hilderbrand (1986) the word is often misunderstood and may represent different things to 

people with dissimilar backgrounds and training. Ibid predicts that because of this the 
term itself may disappear through time. A great deal of agricultural literature has treated 

farming systems with focus on specific concepts they address. It is not uncommon for 

farming system to be considered as cropping systems such as mixed cropping, 

intercropping, alley cropping etc (Ghai and Thomas, 1989; Kang, 1993; Sands, 1986) 
or as cultivation systems for example shallow cultivation, zero tillage, minimum tillage, 

slash and burn system, ridge or raised bed system, etc (Carter and Rennie, 1982; Terreos 

et al, 1987; De-Rouw, 1987; Dcstain et al, 1989; Hicks et al, 1989; Thurston, 1992). For 

an agricultural economist farming system is best analyzed as input-output or cost benefit 

relationships with respect to farm household characteristics such as household size and 

land ownership (acreage). Thus different criteria describing the same terminology are not 
rare in literature.
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or both components with respect with the household system must be in association with 

the social-economic, physical and biological environments. The work reported in this 

document attempts to reflect the multiple component perspective.

5.2. Cultivation systems
As already mentioned earlier land resource management is an important farming systems 
attribute. Methods of land preparation or cultivation systems are a very important 

descriptor of finger millet farming systems particularly in Southwestern Tanzania. During 
this research the slash and burn, nkule, ntumba, various forms of ox-ploughing and ridge 

cultivation have been encountered as important systems of land preparation for finger

Because of their complex nature the typology of farming systems has been very difficult 

to tell, as also put forward by Norman et al (1984). Different criteria have been used to 

make classification of farming systems (Ruthernberg, 1983; Norman 1979; Fresco, 1986; 

Richards, 1988; Beets, 1990) and each author seems to have been working with a specific 

opinion. Nevertheless there seems to be common understanding with respect to 1) land 

resource management 2) settlement. For this reason many authors recognize shifting 

cultivation as a typical farming system (Ruthcnbcrg, 1983; Fresco. 1986; Richards, 1988; 

Beets, 1990). FAO (1978) categorizes different types of shifting cultivation as simple 

shifting cultivation, where dwellings and cultivated area shift together; recurrent shifting 
cultivation where the cultivated area shifts more frequently than farm dwellings; and 

recurrent cultivation where settlement is permanent but some, not all, fields arc under 
shifting cultivation. Sanchez (1973) generalizes shifting cultivation as distinct from other 

systems of farming using cultivation frequency criterion as explained earlier in this 

manuscript. Other workers have used intensity of rotation, R, criterion to distinguish 

between farming systems. This has also been explained earlier and has been adopted as 

criterion for distinguishing the categories of farming systems that this research has made 

identification. These categories (i.e. shifting cultivation, fallow systems, continuous or 

permanent cultivation) are among farming systems recognized by Ruthenberg (1983).
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5.2.1. Slash and burn cultivation

The slash and burn system of cultivation is traditionally the most primitive form of 

shifting cultivation and has attracted attention of a number of researchers. Among 

pioneers in investigation of slash and burn cultivation include Sanchez (1987); Andriesse 

and Koopmans (1984); Stromgaard (1984;1985) and many others. The system is known 

to be advantageous in that it provides liming and fertilizing effects through ash and does 

not disturb the top soil (Sanchez, 1994). All slash and burn investigations reveal addition 

from burnt biomass to the soil of nutrients particularly mineral elements. Trapnel et al 

(1976) found increases in soil pH, extractable P and Ca as a result of burning. Stromgaard 

(1989) reports increases of soil P, K, Mg and Ca as a result of burning. Andriesse and 

Koopmans (1984) observed an increase of almost 300% of available P in soil during 

burning. Various workers have also reported increases of soil in-organic N in particular 
NH4+-N (Ellingson et al, 2000) as a result of burning; even though organic N and C are 

usually reduced (Roder et al, 1993; Ketterings and Bigham, 2000). Findings of this 

research have ascertained statistically notable increases due to slash and burn practice of 
soil pH, P, K, Ca and NH./-N. As already explained earlier ash is known to be a good 

source of P, K and Ca and this must be responsible also for the increment in this 
experiment. NH4+-N is known to arise from mineralization of organic matter within the 

soil under influence of high temperatures developing during burning. The high 

temperatures also cause mineralization of organic P. Andriesse and Koopmans (1984) 

found an increase of almost 300% of available P during heating up to 200°C.

5.2.2. Ntumba

The diversity of cultivation systems in Southwestern Tanzania particularly with respect to 

finger millet production is interesting. Unfortunately there is very limited literature 
detailing on or even documenting some of these systems. Apart from the slash and burn 

cultivation it is the ntumba (Fipa mound) system that has also been reported to some 
notable extent. Probably most published work on ntumba system of cultivation is 
reported by Stromgaard (1989) on his work with the tribal groups of Northern Zambia 

bordering Southwestern Tanzania, particularly the Mambwe. According to Stromgaard 
(1989) the ntumba system was developed concurrently by the Fipa (of Southwestern
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Even though the ntumba system of cultivation is considered to improve soil fertility, 
during this research no clear evidence was available in response to ntumba cultivation. 

Neither was crop yield improved in this system in both 2001 and 2002. Soil pH at surface 
level in 2002 experiment was significantly lowered following ntumba cultivation. From

In addition to improving the soil’s nutrient fertility, which according to Stromgaard 

(1990) depends on composition of the initial grass vegetation prior to cultivation; ntumba 

system also seems to improve soil’s physical characteristics which may play part in 
establishing a crop in the field. During conduction of this research seedling performance 

(vigour) was improved in ntumba cultivation with comparatively less vigorous growth in 

normal cultivation (sesa) plots (2001 experiment). This can be attributed to improvement 

in soil tilth as a result of ntumba cultivation. In 2002 poor rains did not allow proper 
formation of good soil structure; this is likely to be reason why seedling performance was 

not as good as in the previous year. Root penetration was however better in ntumba than 

in sesa and this suggests that probably the better performance in seedling vigour is 

primarily because of good and vigorous root growth in the well-structured humic soil 
condition that is characteristic of ntumba system. When roots have established quickly 

and penetrated in greater depth it means they can absorb more nutrients and water from 
the soil which at this stage is not likely to be deficient in nutrients; thus more vigorous 

growth.

Tanzania) and the Mambwc as their lands became deforested. Farmers practicing ntumba 

cultivation believe that the system improves soil fertility via the cultivated fallow 

condition which allows decomposition of organic matter incorporated into the soil. 

Stromgaard (1990) noted that following ntumba cultivation soil pH, CEC, P and Ca were 

increased, and claims that the comparatively better soil fertility is retained in the flat- 

cultivated field following ntumba cultivation in previous season. This is especially so if 

the flat-cultivated field has been in the previous season cultivated with legumes. 

Stromgaard (1990) has also found that after 4 years of alternating mound and flat 

cultivation soil P, Mg and Ca were 200% more than in the initial uncultivated fallow.
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5.2.4. Ridge cultivation

The slash and bum, ntumba, nkule and ox-ploughing form the foundation of finger millet 

cultivation systems. Another system that is practiced to notable extent is the ridge system, 
particularly cultivated fallow ridges. This system was however not tested experimentally

observations during this research it is evident that ntumba cultivation was not responsible 
for soil nutrient fertility.

5.2.3. Ox-ploughing (kuvundika system)

The cultivated fallow or kuvundika technique seems to be most significant concern 
among farmers in ox-ploughing practice. No wonder nothing scientific has been 

investigated concerning technological validity and sustainability of this technique. 
Farmers insist on this technique very much and it seems the practice is a very reliable 

way of sustaining soil productivity since farmers rarely use chemical fertilizers in the 

area particularly on finger millet. During this research evidence was obtained of 
beneficial uses of the cultivated fallow ox-ploughing against normal (se.wr) cultivation in 

increased finger millet yield and overall crop growth. Benefits of cultivated fallow 
practice are evident from very early stages of crop growth beginning with increased 
seedling emergence from the soil and more vigorous seedlings. Among cultivation 

systems investigated during this research significant increase in seedling emergence from 
the soil was observed in the ox-ploughing system; which is a typical cultivated fallow 

practice. This can be attributed to presence of pre-emcrgence pathological problems in 
the soil where ox-ploughing was not practiced, leading to pre-germination/pre-emergence 

rot of seeds/sccdlings. Those rot organisms, most likely fungi, must be those that are 
more or less also involved in decomposition of organic materials that are buried during 

sesa cultivation. Those materials are still decomposing at the time of planting and seed 
trapped in the vicinity of the decomposing materials become also infested with the 

decomposition organisms thus no chance of germinating or seedlings emerging from the 
soil. Some seedlings must be lost via post-emergence damping off since seedling 
assessment was conducted 14 days after sowing while seedling emergence begins as early 
as 5 days after sowing.
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Observations during this research have shown that the pattern of intercropping and crop 
rotations is almost the same for all cultivation systems. Companion crops and planting 
density are almost the same for all systems except nkule where the companion crop is 
Irish potatoes, and in ridge system. Intercropping finger millet with potatoes is unique to 
the nkule system and not practiced in other systems. In ridge system the planting density

and information available is only that that was obtained from farmers. Nevertheless this 
system seems to be comparable with the ntumba system in performance but it is probably 

more adapted to soil conservation especially in sloppy areas. It is a system that shows a 

step towards continuous cultivation. Prc-dctcrmincd fallow periods for ridge cultivation 

are usually shorter than for ntumba. The ridge system is much more representative of 
grass fallow where woodland characteristics of the fallow field are not an important 

consideration.

Systems of cultivation for finger millet cultivation in Southwestern Tanzania are 

particularly efforts to sustain no input agriculture. The systems arc characterized with 

adaptive strategics that aim at manipulating natural conditions to sustain production. 

Greatest focus is on soil fertility but in general the aim is to avoid monetary cost of 

production whenever there is a chance. Consideration of use of improved seed of the crop, 

for example, is unthinkable because farmers can use their own farm-saved seed and 

obtain good crop yields where soil conditions are favourable.

5.2.5. Nkule cultivation and cropping systems
The interplay between cultivation system and land use pattern in farm household and 

crops make a good point in farming systems analysis. Findings obtained during this 

research have shown that finger millet production in the area is appreciably in monocrop 

systems with minor degree of intercropping. In intercrop systems, usually with maize and 
sorghum; or sunflower, pigeon peas etc the companion crops are very few in population 

and they are usually of no consideration for land equivalent ratio analysis. This is 
probably because finger millet is planted as a cash crop and insistence on it is very high 

essentially because it is often the sole cash crop in the area.
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5.3. System interactions

5.3.1. Livestock interaction
The interaction between livestock keeping especially cattle and cultivation system has 
already been explained. We have seen that farmers practicing ox-ploughing were having 
more cattle and that farmers practicing the more traditional systems like nkule and 
ntumba were among those having the least number of cattle. Ox-ploughing technology 
seems to be of great importance among finger millet farmers. For this reason many 
farmers in Rukwa Region and quite numerous in Mbozi District have shifted from

The sequence of cropping before fallow period is indeterminate with respect to system of 
cultivation, except for nkule system. As it has already been explained previously it is 

usual after harvesting finger millet as an opening crop to plant maize (or occasionally 
beans) then other crops in succession or rotation before the field is abandoned again for 
fallow; and this is true for all cultivation systems except nkule and the few cases of 

continuous cultivation. In nkule system the field is usually abandoned after cultivating the 
field for one season and planting finger millet. Few exceptions to this have already been 

explained.

for the companion crop is comparatively high in particular situations when the 

companion crop is the major crop. This is in situations where the companion crop is 
planted on ridges during the first rains and finger millet planted during weeding the 
companion crop after breaking the ridges. In this system, density for the companion crop 
may be optimum or sub-optimal depending on priority that is given to finger millet in 

relation to the other crop which is usually food crop. When sub-optimal, crop yield for 
the companion crop is still a significant consideration in land-equivalent ratio 

determination and contributes appreciably to the household food supply. There seems to 
be no finger millet yield advantage, however, when optimum population of the 

companion crop is used. This is because the companion crop overshadows the finger 

millet crop which is in this system sown late and its canopy is always below the 
companion crop. Because of the shade especially in maize and cassava intercrops growth 

of finger millet is very poor and yields arc almost totally absent.
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traditional cultivation for example ntumba (Fipa mounds) to ox-ploughing which enables 

them utilize their manpower more effectively. Literature on oxenization in the area of this 

research particularly in Rukwa Region is not rare/un-available (Lyimo and Kangalawe, 
1997; Birch-Thormscn, 1993).

5.3.2. Household parameters

Household parameters in relation to findings of this research arc not different from what 

can be found in literature. The societies where this research was conducted arc patrilineal 

where major household decisions like settlement, marital status el cetera arc determined 

mostly by men. These arc traditional customs as also explained by Willis (1966) and 
Knight (1974). Many other societies elsewhere arc composed of men as household heads 

(Turrittin, 1988; Suda, 1997; Wilson, 1997; Kisyombc, 1996). Marriage of more than one 

wife was partly related to having more labour and this is a well-known tendency (Suda, 
1997). This research established a positive relationship between household size as well as 

available active labour force and total acreage the household owned and finger millet 
acreage. Thus both having more wives and more children can be interpreted in relation to 

1) having excessive farming prospects (wealthy) thus increasing family size because of 
perceived no land resource limitation. 2) necessity of increasing manpower to be able to 

utilize household land resources more effectively. 3) other reasons for example search for 
more male children to maintain patriarchy lineage; prestige and lack of family planning; 

monogamous conflict etc. Households with more workforce seemed to be more wealthy 

and this is probably why household workforce was strongly related to household’s total 
income as well as finger millet income. Having more wives increased finger millet 

income but not total income. This suggests that household wives are much more involved 
in ensuring sufficient food production for the family rather than increasing overall 

household’s production of food and cash crops. Having more wives does not seem to 

contribute in producing excess food but it contributes in increasing cash crop production. 

Finger millet is a very dependable source of cash for the family thus both men and 

women strive to obtain as much cash as their opportunity for finger millet production 

allows while producing enough food for the family. The trend seems to work in like 
manner for household size. When there is more manpower (workforce) for the household,
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however, the household seems to acquire more capability to produce even excess food, 

which they sell thus increasing household’s total income in addition to finger millet 

income. Thus having larger households docs not necessarily increase production level for 

the family but having more of the active workforce increases production.

Even though the societies where this research was conducted arc patriarchial men and 

women participation in field agricultural activities arc seen to be about equal. Especially 

for finger millet most farm activities were performed equally by men and women. Only 

very specialized activities like cutting trees in woodlands during slash and burn 
cultivation and ploughing or crop haulage with oxen arc restricted to men; most other 

activities are shared between men and women. Because of the patrilineal system women 

are, in addition to participation almost as equally as men in field activities, also 

responsible for domestic household activities (cooking, cleanliness, tending children etc) 
and this is a well-known phenomenon elsewhere (Harris and Kate, 1977; Suehara, 1988; 

Netting, 1993; Suda, 1997).

Income, particularly from finger millet and other food crops was very much determined 

by market conditions; was high where prices were also high. Proximity to important

Cash economy of farmers cultivating finger millet was generally severely constrained 

with inadequacy. With the only exception of farmers also producing coffee as another 
cash crop majority of farmers producing finger millet were having very low cash income. 

Considering the reference sample of farmers in Kakozi village average income as they 

reported was about TSh.92150/= or USD 88/=. This is only about 14.3% of mean annual 
income for an average Tanzanian who according to 2001 poverty line indicators 

(Tanzania, 2002) would need about TSh.644,568/= (or 593,280/= in rural areas) in excess 

of food subsistence per year. Even among finger millet farmers having the highest 

income (Tsh.241200/=) were having a deficit of about 62.6% below an average 
Tanzanian. However, few farmers who were producing coffee in addition to finger millet 

were having income as much as TSh. 530,000/= which is very close to TSh. 593,280/= 
(89.3%) for an average rural Tanzanian.
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5.4. Farming systems and the quest for technology transfer and technology 
development.

The critical question in farming systems concepts is that of technology transfer, 

development and adaptation for the purpose of increasing agricultural production and 
improving rural life. It entails an agricultural strategy to revamp existing conditions with 

application of all technological opportunities. The starting point for any farming systems 

research approach is farmer’s indigenous knowledge base and this is critical for 

technology development or application. Many scientists who have investigated 
indigenous technology in agriculture have voiced their criticism to occasional scholarly 
notions that indigenous agricultural practice particularly in Africa and other developing 
regions of the world is conservative, primitive, irrational and wasteful of resources 
(Tsuno, 1988; Ngware, 1997). Such notions have often led to misunderstanding that 

traditional agriculture must always be changed or transformed (i.e. modernized) from the 

external (Shigeta, 1988). Experience from all over the world has shown, however, that an

market centers (towns) is therefore very important in determining farmer’s income. For 

those remote farmers their livelihood is more determined by subsistence in food rather 
than cash. Farmers practicing ox-ploughing were much better-off in terms ofcash income 

whereas farmers practicing ntuniba or ridge cultivation especially in Ndalambo Division 

were having least income. Ox-ploughing can play a significant role in poverty alleviation 

in the area.

Production constraints limiting finger millet production in Southwestern Tanzania have 

probably been discussed sufficiently in previous chapters. Lack of reliable markets, poor 

transport and communication infrastructure, lack of capital resources, land degradation 

and declining soil fertility, under-developed information and knowledge systems, 

political and institutional problems etc are well known problems (Paul, 1988; Uyolc, 
1994; Anandajayasekeram, 1981) that limit agricultural production and rural 

development elsewhere or in the area of this research (Birch-Thomsen, 1993; Lyimo and 

Kangalawe, 1997).
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attempt to completely overhaul indigenous agricultural systems and replace them with 

modern western type technology has not been successful.

Farming systems research was launched to correct flops of the green revolution which 

was in it’s time viewed as the problem-solving strategy to agricultural development. The 

green revolution strategy was based on the same grounds as the industrial revolution 

which was realized almost a century earlier. The strategy was a conscious and systematic 

application of basic scientific discoveries (science and technology) to problems of 

economic production (Hayami and Otsuka, 1994). The green revolution started with 

development and diffusion of high yielding varieties (HYV) of crops after breakthroughs 

in crop genetics and plant breeding research. Though increased agricultural production as 

a result of plant breeding research started in United States in 1930s (Hayami and Otsuka, 

1994); full realization of the green revolution came about 20 to 30 years later particularly 

in Asian countries when modern semi-dwarf varieties of wheat and rice were developed 

and released to farmers. These high yielding varieties were associated with modern 

chemical inputs and cultural practices and led to phenomenal increase in agricultural 

output to the extent that it was considered as an agricultural revolution. Soon afterwards 

the High Technical Package approach was perceived as the way of improving agriculture 

elsewhere. Mushrooming of national and international research centers, organizations and 

programmes followed this perception only to realize few years later that the anticipated 

achievements of the green revolution worldwide were far from reach. In 1970s therefore 

an alternative approach was sought, and this was the farming systems approach.

The green revolution strategy for developing countries was in reality an attempt to 

transfer prototype technology existing in more developed economies to less developed 
and marginalized countries. For this reason it’s intended impact was not achieved in 

many places. It was severely criticized for lack of triability and divisibility, lack of cost 
effectiveness, complimcntarity and traditionality (Byerlee, 1994). It ignored indigenous 

communities preferences and priorities and was capital intensive in characteristics. It did 

also ignore indigenous technology of farmers in the developing countries thus not 
offering new avenues for agricultural development opinion while at the same time
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In more straight language farming systems was a bottom-up approach (Byerlcc, 1994) 

aiming exactly at replacing top-down planning and implementation of agricultural 

technology application and agricultural change. It was designed to involve the clientele 

(farmer) in the process of technology adaptation and verification of the need for 

technology change in order to speed up adoption process.

During the period of execution of this research we have witnessed the functioning of 

traditional and contemporary agricultural systems that arc responsible for economic 

survival and existence of the farming communities. Particularly on finger millet 
traditional or indigenous technology predominates with only traces of modern 

agricultural practices. All cultivation systems except ox-ploughing, ridge cultivation and 
the use of chemical fertilizers fall under the category of indigenous technology 

(traditional systems). Ox-ploughing and ridge cultivation are intermediate technologies 
(contemporary systems i.e. neither traditional nor modern but in transition between the 
two). Ox-ploughing is particularly an interesting technology; it has widely been adopted 
and has particularly changed agriculture of Rukwa Region; increasing production via 
more acreage; relieving farm household workload and enabling more efficient utilization

It was also designed to incorporate indigenous farmer’s knowledge as baseline for 
technology development, adaptation and technology transfer. In so doing farming 

systems research approach was also a learning process for the researcher and a source of 

new scientific ideas. Farming systems approach also enables assessment of conditions 

surrounding farmer’s activities, priorities and criteria for selection of technology or 

technology change and this is imperative for appropriate agricultural development 

planning.

overwhelming and scaring the poor peasant farmer who would not be able to 

accommodate very drastic changes. Farming systems approach was a more 

compromising strategy that put into consideration all aspects of technology application 
for agricultural development; focusing mostly on appropriate technology rather than 

imposing technological change.
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of natural resources to improve soil fertility (via kuvundika practice). It has proved that 

farmers arc not resistant to change as often stereotyped (Shigeta, 1988); instead they arc 

very rational, cost effective and adopt technology that is convenient and relevant to their 

situation and priorities. Therefore what matters to them is appropriateness of the 

technology they are to adopt. Appropriate technology has been interpreted as that which 

is compatible with local environmental, social and cultural constraints (Schumacher, 

1973); that is efficient and fully reflects the abundance or scarcity of particular resources 
in the composition of necessary inputs (Robinson, 1979); or that technology which is low 

in capital cost, using local materials whenever possible, employing local skills and labour 

and creating jobs, small enough in scale and affordable, can be easily understood and 

maintained by users, and is community-based (Carr, 1985). Technology to be introduced 

to farmers must therefore meet these criteria and this is exactly what is befitting ox­
ploughing.

The art and science of cultivation (land preparation) is a very important technological 

base of the agricultural system in the area of this research. All agricultural production and 
sustainability (i.c. maintenance of land productivity) depend on cultivation system and 
cropping cycles. Through their own experience through practice farmers are able to 

manipulate their land resource and sustain subsistence food production and some cash to 

support household’s other needs. The scientific validity of the different cultivation 

systems with respect to soil fertility has already been explained in previous sections. 
What we can probably say repeatedly is the great relevance of cultivation systems with 

seedling emergence and seedling and crop establishment in the field; which are critical 
aspects of yield determination. The cultivated fallow practice and presence of ash in the

In all cultivation systems where relevant the cultivated fallow or kuvundika is a 

traditional or indigenous practice. This is a very convenient way of improving soil 

fertility, reducing weeds, increasing rainwater infiltration, reducing run-off and providing 

proper soil tilth for sowing the seeds. This sort of practice is rarely known in modern 

agricultural techniques.
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aiming exactly at replacing top-down planning and implementation of agricultural 
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It was also designed to incorporate indigenous farmer’s knowledge as baseline for 
technology development, adaptation and technology transfer. In so doing farming 

systems research approach was also a learning process for the researcher and a source of 
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surrounding farmer’s activities, priorities and criteria for selection of technology or 
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imposing technological change.

a more



239

of natural resources to improve soil fertility (via kuvundika practice). It has proved that 

farmers arc not resistant to change as often stereotyped (Shigeta, 1988); instead they are 

very rational, cost effective and adopt technology that is convenient and relevant to their 

situation and priorities. Therefore what matters to them is appropriateness of the 

technology they are to adopt. Appropriate technology has been interpreted as that which 
is compatible with local environmental, social and cultural constraints (Schumacher, 

1973); that is efficient and fully reflects the abundance or scarcity of particular resources 

in the composition of necessary inputs (Robinson, 1979); or that technology which is low 

in capital cost, using local materials whenever possible, employing local skills and labour 

and creating jobs, small enough in scale and affordable, can be easily understood and 

maintained by users, and is community-based (Carr, 1985). Technology to be introduced 

to farmers must therefore meet these criteria and this is exactly what is befitting ox­

ploughing.

The art and science of cultivation (land preparation) is a very important technological 
base of the agricultural system in the area of this research. All agricultural production and 

sustainability (i.c. maintenance of land productivity) depend on cultivation system and 

cropping cycles. Through their own experience through practice farmers are able to 
manipulate their land resource and sustain subsistence food production and some cash to 

support household’s other needs. The scientific validity of the different cultivation 

systems with respect to soil fertility has already been explained in previous sections. 
What we can probably say repeatedly is the great relevance of cultivation systems with 
seedling emergence and seedling and crop establishment in the field; which are critical 

aspects of yield determination. The cultivated fallow practice and presence of ash in the

In all cultivation systems where relevant the cultivated fallow or kuvundika is a 

traditional or indigenous practice. This is a very convenient way of improving soil 

fertility, reducing weeds, increasing rainwater infiltration, reducing run-off and providing 

proper soil tilth for sowing the seeds. This sort of practice is rarely known in modem 

agricultural techniques.
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soil and soil burning arc such manipulations and have been of great significance in 
successful growing of finger millet in the area of this research.

Not only on finger millet, the use of modern technology in the whole agricultural system 
in Southwestern Tanzania is very much limited. It is probably only on coffee in a 

restricted area of Mbozi District (and in very limited cases in vegetable production) 

where modern agricultural technology (improved seed or planting materials, fertilizers 

and pesticides) is practiced. These arc crops only of secondary importance in the area of 
research. In other crops it has already been stipulated that it is maize, the major crop, in 

which application of modern technology has been attempted. The situation regarding 
modern technology use in form of agricultural inputs (improved seed, fertilizers etc) has 

been explained, and it is pathetic. No single farmer among those interviewed in Mbozi 

and Sumbawanga were strictly adhering to use of improved maize seed and only 20% of 

the farmers in Sumbawanga and 7% in Mbozi would use the improved seed sometimes 

when their material conditions allow. There is no single improved variety of finger millet 
in the area and nothing like quality seed for the crop. Again, it was only about 30% of 

interviewed farmers in Sumbawanga and 10.7% in Mbozi that were using chemical 

fertilizers on maize (13.3% and 4% respectively for finger millet). For this reason the 
marketing situation for the agricultural inputs in the area is also most unpredictable. 

Quantities of fertilizers and improved seeds purchased have been shown to be usually 

very small proportions of projected requirements and this is because of unccrtainities in 
the use of these inputs; which is technological instability. Therefore, we can sec that 

indigenous technology is much more responsible for agricultural sustainability in the area 
of this research, than modern technology. These findings seem to be almost universal in 

most parts of Tanzania. Minde and Mbiha (1993) conducted a study in Mara, Shinyanga, 
Mwanza, Singida, Dodoma and Rukwa Regions and established that the proportion of 

farmers who ever used improved seed or chemical fertilizers (modern technology) was 
very little. Highest percentage of those who ever used improved seed was reported in 

Dodoma (21%) for white sorghum and in Rukwa Region (17%) for maize. Only about 

1.1% of the farmers interviewed in Dodoma and 6.7% in Rukwa Region ever used 

chemical fertilizers. In other Regions no farmer ever used the fertilizers.
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Other aspects of great technological significance in finger millet production include 

processing techniques of the crop after harvest. Submersion and soaking processing 

techniques, probably not found anywhere else in the world, have been reported in this 

research. These techniques have great significance in seed science and may have 
industrial application. Seed processing is a great industry and if this 

possibility is much more investigated probably it may be of significant use.

Probably most important and the major driving force behind finger millet crop production 

in the area of this research and beyond is brewing technology associated with use of this 
crop. The finger millet grain is of indispensable significance in the local alcoholic brews 

making. In the market the crop is usually sold both as grain or as pre-germinated seeds 

(kimea). The pre-germinated seeds usually fetch better prices and are used straight 
forward for brew making to by-pass pre-germination process. In all or almost all local 

brews made from fermentation of cereal grains (flour) finger millet is a necessary raw 

material either as an additive or the only raw material; and this is true for all such brews 
allover the country regardless of whether the crop is locally cultivated in the area or not. 

Because there is no other crop in the country that indigenous people can utilize so 
effectively for brewing as finger millet, the crop finds irreplaceable market in those areas 
where the local brews arc made. Hydrolytic enzymes particularly alpha-amylase arc 

known to be in high concentrations in pre-germinated finger millet seeds and those are 

the ingredients responsible for alcoholic fermentation during brew making.

Many scientists have investigated the use of finger millet in brewing and its’ associated 
science particularly in local brews in Tanzania (Kilonzo and Pilknen, 1992; Shayo, 1993; 

Shayo et al, 1998). Probably there is no research, however, that has been conducted 
detailing on the local brews in Southwestern Tanzania. Significance of local brews 

produced elsewhere, however, in the subsistence economies of both finger millet farmers 
and various categories of traders involved in the marketing and utilization of the crop, is 

very well known. It suffices to say here, however, that the brewing industry involving 
finger millet is of un-preccdcnted importance in indigenous industrial technology and it is 
probably the only indigenous industry remaining vibrant and in full scale production.

new processing
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5.5. Indigenous technology and sustainability of agricultural system

It is evident from findings of this research that indigenous or traditional practice is what 

is sustaining the finger millet farming system in the research area and there is almost 
absolutely no input from modern technology. Production seems to be normal with respect 

to local conditions, needs and priorities. Even though we can not say that everything 

scientific has been investigated concerning indigenous practice in the production of the 

crop, farmers’ effort in sustaining production is of great significance. Well comprehended 
indigenous scientific conduct is evident particularly in cultivation technology (soil 

management) in the use of composting and green manuring (cultivated fallow), soil and 

water conservation, and in the use of ash and forced mineralization of nutrients in the soil 

through soil burning; also to increase soil fertility. Probably not adequately emphasized, 
we have witnessed maintenance of high yielding plant genetic materials without any 

control of seed quality, with materials producing among the highest known yields under 

typical indigenous conditions (7.9t/ha reported in nkule system). We have also witnessed 

great heritage of knowledge in brewing technology and sccd/crop processing. From these 

findings we are sure that the following can be considered to make much more use of the 

indigenous systems:-

1. Consolidation and improvement of indigenous cultivation systems and practices

i) intensive rather than extensive use of slash and burn practice, in agro-forcstry or well 

planned land use rotations that do not pose environmental hazards [in Zambia for 

example in citemene system farmers can reduce the long time of tree 

regeneration in slash and burn systems through lopping of tree branches rather 

than cutting the trees completely]. Agroforestry has not been attempted as a 
slash and burn cultivation possibility. Well-planned rotations of slash and burn 

cultivation can be practical especially where vegetation re-growth is fast (for 

example regeneration of tall-growing herbs and shrubs in Ilcjc) and where land area 

for comparatively long duration rotations would not be a constraint.

ii) more extensive utilization of nibuga areas for finger millet production using nkule 

cultivation system. This is a method which docs not need improvement but it is 
obviously under-utilized in its relevant agro-ccosystem. The nkule system can also 

be used to open up the nibuga area for subsequent cultivation with other crops.
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It is important to conclude here that the trend of events (evolution) that describes the 

finger millet farming systems in Southwestern Tanzania including the shifted staple food 
from finger millet to maize gives an example of agricultural development pathway that is 

socio-culturally oriented. Socio-culturally oriented indigenous approaches form the base 
of future resource management.

iii) investigating possibility of introducing nkule cultivation of mbuga agro-ecosystems 
in areas other than Mbozi District/Southwestern Tanzania.

Suitable crops for this cultivation possibility, however, are not yet clearly 
established.

5.6. Controversial and evolving issues in Farming systems

As already stated earlier there has often been some controversies on conceptual details 

and interpretation of what constitutes farming systems. More important have been 
challenges on ways to enable application of appropriate technology among farmers and to

iv) more investigation to establish more information on soil fertility improvement 

characteristics of cultivated fallow practices.

v) study on improvement of soil physical characteristics in addition to soil nutrients 

replenishment in cultivated fallow practices; and association of soil physical 

properties with crop performance attributes such as seedling emergence, seedling 

growth and establishment, crop growth, establishment and yield.

vi) more extensive use of ox-ploughing, particularly in Ndalambo Division in Mbozi 

District, where linger millet cultivation is a very important activity.

2. More investigation of the submersion and soaking method of seed processing and it’s 

industrial worth possibilities.

3. Scientific study on alcoholic characteristics of different brews made from or with use 

of finger millet.

4. Studying methods of improving and promoting the indigenous brewing industry with 

finger millet as an important raw material

5. Closer examination of constraints to pave way for more organized and self-compelled 

effort to maximize on beneficial use of indigenous systems.
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During on-station research stage FSR was conducted only with consideration of systems 

analysis. Many Agricultural Research Centers, according to Lynam (2002). developed 

farming systems programs which were conducted on-station not on specific commodities 

but on various systems such as meteorology, mechanization, hydrology, post-harvest 

technology etc. Results of this type of research were not readily available for adoption in 
farmer’s conditions and most of them remained as experimental information in research 

stations. To correct this problem on-farm research was doomed necessary.

obtain best attainable results from agricultural activity in prevailing farmer’s agro- 

ccological conditions, which is the farming systems goal. Since the widespread adoption 

of farming systems concepts in 1970s Farming Systems Research (FSR) has been widely 

accepted as the mechanism of achieving farming systems goals. FSR has however been 

evolving and it’s true position in optimizing farming systems and agricultural 

improvement changing with time and operational challenges. Lynam (2002) traces the 

history of FSR and recognizes different stages of it’s development as on-station research 

stage, off-station/on-farm research stage and Farmer Participatory Research (FPR) stage. 

FPR has not yet, however, assumed a true and permanent position in FSR.

While off-station/on-farm FSR was widely accepted as a way of effecting the farming 

systems goal, problems were encountered on proper institution that would carry on the 

FSR and development activities sustainably. Even though researchers were enabled to

Ever since on-farm FSR approach was launched it became the operational FSR 

methodology. This led to better understanding and improvement of farming systems and 

became an effective bridge between research and extension. Ibid considers on-farm FSR 

to be the transition towards achieving the FSR goal. It involves the crucial 

methodological FSR steps (Classification, Diagnosis, Recommendation, Implementation 

and Evaluation) (Maxwell, 1986; Collinson, 2000); and specifically beginning at the level 

of Recommendations (which is based on experimentation or the existing body of 

knowledge), on-farm FSR plays a vital role in bridging the knowledge gap between 

farmers and researchers.
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Modern On-farm FSR (commonly referred to as Adaptive research (Lynam, 2002) and 

Farmer participatory research have assumed a convergent role and at the same time been 

pioneered essentially from two different institutions : research and extension. Farmer 

participatory research methodology has involved diagnosis, problem ranking, and 

solutions (Collinson, 2000) assuming that there are ready solutions; and where ready 

solutions arc not available it also involves Participatory farmer experimentation (Lynam, 

2002; Ashby, 1986; Rhoades, 1987; Fujisaka, 1989) under the umbrella of adaptive 

research (Lynam, 2002). Because of the convergent role FSR approach has been more or 

less swayed in the adoption of participatory methods. At this juncture many people have 

started to question the relevance of FSR approach in presence of extension-based FPR.

Thus the problem of un-challenged implementation of the farming systems agenda is in 
the open. It is the weak link between research and extension and inability to assume an 

institutional structure that integrates activities of researchers, extensionists and farmers to 
a common goal. As Lynam (2002) puts it though working more or less independently the 

synergies between FSR and FPR have been very positive and argues that it is not useful 

to draw a border between the two.

test their recommendation packages in farmer’s conditions and obtain feedback, adoption 

of innovations from researchers was still constrained. One reason for this was that 

participation of farmers (especially in the planning of experiments and generation of 

knowledge) was not adequately considered. Most focus was placed on off-station/on- 

farm experimentation involving multidisciplinary teams of researchers sometimes with 

absolute exclusion of farmer participation. Methodologies like “Researcher-managed 

trials/cxperimcnts” and “Farmer-managed trials” were common practice, which limited 

participation of farmers. Even though Farmer-managed trials involved farmers this was at 

the level of implementation of the experiments but not at planning level with critical and 

positive examination of indigenous technology. This approach was not effective in 

optimizing the rate of adoption of innovations and led to the most current trend of Farmer 
Participatory Research.
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Whether the FSR and development idea was coincidentally re-born in extension-based 

participatory research or whether both FSR and extension-based FPR were attempting to 

assume an operational state that would accomplish the task of agricultural system 

development is not an important point. What is important is to remove all doubts 

concerning the relevance of FSR in tackling the problem of agricultural and rural 

development. To this end understanding the systems is very important and FSR will 

remain a powerful tool towards achieving the farming systems goal.

While convincing ourselves of the relevance of both FSR and participatory research 

approaches, the question of institutionalization remains valid. It is not rare times the 

problem of poor linkage between research and extension has been claimed to be reason 

for poor agricultural development performance (World Bank, 1985: Koimowitz et al, 

1989). FSR seems to have been attempting to remove the problem of poor linkage both 

between researchers and farmers and between researchers and extensionists and

development planners, but seems to have been swayed, as it has already been stated, 

towards assuming probably its final operational dimension. In other words this very 

extensive task seems to have been stranded because of overlapping roles. At this point the 

great FSR idea and methodology can be very easily neutralized. Problems confronting 

researchers especially in tropical conditions are very well known, especially those related 

with allocation of resources. Many research programmes have always been faced with the 

problem of lack of sustainability and distraction of research goals, especially when 

resource interests are shifted elsewhere. Probably extensionists in their participatory 

approach came to the rescue of the great idea advocated in FSR agenda when the 
approach began to be distracted. We cannot assume, however, that FPR as an extension 

service can fully reflect the research mandate bestowed in FSR. We can be sure, however, 
that if an interactive institution/authority existed that was able to integrate participation 

efforts of the already existing institutions, that is research, extension and farmers/farming 
community, the problem of in-adequately institutionalized FSR would be solved and 

sustainability in agricultural development would be achieved. This is a task that has not 

yet been attempted and as Lynam (2002) argues even in Universities success has not yet
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been made in designing programmes that would train generations of scientists that would 
spearhead the evolution of the FSR motives for sustainable agricultural development.

The history of FSR as edited by Collinson (2000) and reviewed in Lynam (2002) 

publication makes clarification of very important points the conceptual framework, 

systems thinking, institutional orientation and operational practice. Though many 
institutionalization attempts (Stoop el al\ Kean and Ndiyoi1; Stroud; Kean and Ndiyoi2; 

Gilbert; 2000) as reported in Collinson (2000) have experienced many operational 

challenges few threatening even to abandon FSR activities (Kean and Ndiyoi, 20001); the 

motive behind FSR is very strong and very relevant and without FSR approach problems 

of resource-poor farmers will most unlikely find proper refuge.
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Finger millet is produced in the research area mostly in monocrop systems; only 

sparingly intercropped with other crops like maize, sorghum, sunflower, beans, 

groundnuts and sesame. Considering the other crops produced in association with finger 

millet the crop’s farming systems in Southwestern Tanzania can be conveniently 
categorized as maize-based systems; in the sense that maize is most important crop and 

almost always takes the advantage of succeeding finger millet in the newly opened field 
where finger millet is harvested. Production of finger millet is almost exclusively 

commercial and in most of the production areas except where coffee is produced the crop 
is the leading source of cash. The crop is utilized mostly for brewing. Peasantry is the 

overall feature of finger millet production and most farmers are small scale producers 

with low income.

The study has described and made classification and description of the farming systems 

for finger millet production in Southwestern Tanzania. Based on intensity of rotation, 

nine land preparation techniques observed in the field were grouped into three farming 

system categories, i.e. shifting cultivation, fallow systems and continuous cultivation, and 
finally fifteen cultivation systems were categorized in the study area. These include slash 

and burn systems (ntemele, nkonianjila etc.) two long fallow ox-ploughing (cultivated 

fallow and un-cultivatcd fallow), long fallow (woodland) mound (ntuinbu'). re-cultivated 
nkule, un-rc-cultivated nkule, grassland ntuniba mounds, short fallow ox-ploughing, 

ridges cultivated fallow and un-cultivatcd fallow, rotational ox-ploughing and rotational 

ridges, and rotational hand-hoc cultivation. The “cultivated fallow-’ practice or kuvundika 

is a common and unique feature of all the cultivation systems in the area except slash and 
burn, nkule and continuous cultivation. Among the systems of cultivation ox-ploughing 

predominates in both Mbozi District and Rukwa Region. Great diversity of the 

cultivation systems is found in Mbozi District.

Important finger millet production constraints include unreliable markets as a result of
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Indigenous technologies of finger millet production in the research area are quite 

significant in scientific opinion. Farmers strive to maintain production in limited resource 

conditions. Among farmers indigenous technology strongholds include cultivation or land 

preparation techniques, the technology of making local alcoholic brews from finger 

millet; and submersion or soaking processing of the crop after harvest.

The ntumba system of cultivation did not have any significance in improving soil nutrient 
levels. There was very remote association between soil NO3-N and seedling growth and 

vigour. This nutrient seemed to improve seedling root and leaf growth. The ox-plough 
kuvundika system significantly increased soil %N and P. Under this system there was 
strong association between soil nutrients and crop performance. Seedling growth and 

vigour were associated with soil %N, P, K. and Ca. Plant growth in the field was found to 
be in significant association with all soil nutrients measured (%N, P, K, Ca, Mg, NH4+-N

poor transport and communication, limited prcfcrcbility and reliability of traditional 
cultivation systems and un-affordability of agricultural inputs, lack of adequate research 
focus and insufficiency of agricultural extension service.

Evaluation of indigenous cultivation systems reveals slash and burn and nkule systems as 

responsible for comparatively very good crop growth and yield. In addition to these 

systems, the ntumba mound system and ox-plough kuvundika have shown to influence 

seedling growth and seedling vigour. Good seedling performance can assure subsequent 

good crop performance, particularly in slash and burn, nkule and ox-ploughing systems.

Burning practice in the slash and burn and nkule systems have been found to have some 

influence on soil fertility. The slash and burn practice has most pronounced effect, being 

invariably held responsible for increment in the soil of extractable P, K, Ca and NH4+-N. 

The nkule system of cultivation had very substantial promotion of crop growth and yield, 

but there is no indication of any increment in soil fertility as a result of burning; except 

some addition of NH4+-N and increase in pH detected after repeating the experiment in 
2002.
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Multilocational and individual experiments analysis revealed that in most instances 
seedling growth and field crop establishment were determinant of the yield. With few 

exceptions, results of this study show that where seedlings were vigorous subsequent 
crop growth and yield were comparatively high. Seedling vigour can therefore be very 

accurately predictive of yield. Land preparation techniques that improve seedling 

emergence and seedling vigour, especially when associated with improvement in soil 

fertility, seem to be of incomparable significance in determining crop performance and 
yield.

This research has also been able to investigate validity of the submersion and soaking 

techniques of finger millet seed processing. The seed so-processed is of no less quality 

than seed processed in the normal, conventional dry threshing technique.

This study has described the characteristics and features of finger millet cultivation 

systems in Southwestern Tanzania. One important feature of the crop production in the 

area is that it has been produced almost exclusively in traditional, indigenous technology 

systems. In other words the crop has benefited very little from modern agricultural 
technology such as use of modern, commercial crop varieties seeds and fertilizers. 

Indigenous strategies to counteract these technological questions have revealed 

themselves mostly in the form of cultivation systems. Farmers manipulate the land for 
sowing the crop in a way that ensures maintenance of soil fertility, proper seedling

Yield component analysis also revealed that the number of panicles per m and number of 

seeds per spike were most important yield components multi-locationally. There was also 

evidence that panicles per m" is almost identical with the plant per m" under poor soil 

conditions that tillering did not contribute in increasing the number of panicles. Adverse 

effect of the number of panicles (plants) per m2 to the yield was compensated by the 

increase in panicle weight per plant under relatively nutrient-rich conditions in 2001 slash 

and burn experiments.
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emergence and seedling and crop establishment in the field; attending the problems of 

soil productivity and seed quality. Even though the traditional production systems can be 
criticized in few aspects, farmers have generally been able to maintain sustainable 

production of the crop for a long time without serious problems. Farming systems 

research and development approach can greatly enhance indigenous farmer’s effort and 

solve problems of technological gap between indigenous and modern technology.

Among farming systems intervention strategies that can help promote indigenous 

technological base in the research area include well planned and carefully controlled land 

use and rotation systems that allow long enough fallow for soil fertility and vegetation 

regeneration while at the same time enabling continuity of finger millet production year 

after year. In other words farmers must be advised to systematically contrive from 

extensive systems to more intensive systems that allow maximization of productive 

resource use while at the same time making best use of indigenous technical innovations. 

Where necessary modern technology applications especially use of industrial chemical 

fertilizers for soil fertility amendment have to be used to support the intensification 

process. These actions must go hand in hand with overall rehabilitation of the socio­

economic system in which the crop is being produced to enable farmers cope up with 

changing situations. The overall rehabilitation strategy must therefore be 

multidimensional. It must first and foremost involve maximization of appropriate 

technology use that gives best opportunity for integration of both indigenous and modern 

technological innovations. These are internal dimensions within material capabilities of 
farmers. Other dimensions include creation of outlets that ease the problem of market as a 
function of transportation and crop utilization.

This research has generally made a component analysis of the relevant finger millet 

farming systems, with technology integration. Component analysis has involved thorough 
description of the activities pertaining to the finger millet crop cropping systems, 

associated livestock production activities and interactions, and characteristics of the crop 
producing household systems. There are generally no very wide boundaries between 
component characteristics of the two major farming systems identified during the study,
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that is, shifting cultivation and fallow systems; except in the use of livestock for 

cultivation, and burning of woodland or grassland vegetative materials. Ox-ploughing can 

be argued to have been a breakthrough in the evolution of finger millet (also other crops) 

farming systems in the research area particularly in Rukwa Region where the great 

majority of households use ox-ploughing for land preparation. It is only the techniques 

of land preparation that show minor differences between cropping practices particularly 

the cropping calendar in the different farming systems, otherwise the cropping systems 

allover the research area arc almost the same regardless of farming system. The farm 

household systems arc also of the same characteristics between the farming systems 

because all the farming systems identified have the same settlement characteristic; that is 

permanent settlement in established villages.

This study has also shown that in addition to information characterizing farming systems 

in the study area, there was quite significantly wide range of scientific technology within 

and among the systems. This study has shown that indigenous technology can sometimes 

be comparable or even superior to modern scientific technology as, for example, some 

cultivation systems, crop varieties and seed technology have revealed. These findings 

make the idea of technology integration; with thorough exploration of indigenous 

technology as a necessary compliment and constituent of modern technology application, 

a very pertinent idea.
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APPENDIX 1

FINGER MILLET CULTIVARS CULTIVATED IN MBOZI, 1LEJE, SUMBAWANGA

AND NKASI DISTRICTS OF MBEYA AND RUK.WA REGIONS.

Location where reportedVariety

Allovcr Mbozi District; Sumbanga and Nkasi Districts.Katila1.

Inyego (Nyego) Chitete Village, Ndalambo Division. Mbozi District: Ilcjc.2.

Nambinzo, Zclezeta, Bara, Maninga; Igamba Division,

Mbozi District.

Nyimbili Villagc/Location, Vwawa Division. Mbozi.

Ekatilc Cbitctc Village, Ndalambo Division, Mbozi District3.

Chitete Village, Ndalambo Division, Mbozi District.Eng’ombc4.

Msangano, Msangano Division, Mbozi District.

Bara village, Igamba Division, Mbozi District.Ulczi upiti5.

Nambinzo, Igamba Division, Mbozi District.6. Okachonjo

Chitete Village, Ndalambo Division, Mbozi District.7. Enaupule

Igamba Division, Mbozi District.8. Vidolc ngumi

Zelczeta Village, Igamba Division, Mbozi District.9. Makopera

Nambinzo Village, Igamba Division, Mbozi District.10. Hapoli

Nyimbili Village/Location, Vwawa Division, Mbozi.11. Zeeru

Mbuza Village, Mtuntumbc Village, Matai Division,12. Kikclckwele

Sumbawanga District.(= Chikwclckwele)

Ntalamila Village, Sumbawanga District.

Kipande, Mlundikwa, Swaila Villages, Nkasi District
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Msangano Division, Mbozi District.13. Ilomba

14. Makulukulu Kipande Village, Kate Division, Nkasi District.

15. Imbulunjc Nyimbili Villagc/Location, Vwawa Division, Mbozi

District; Ikonya Village, Igamba Division, Mbozi.

Swaila Village, Chala Division, Nkasi District.16. Mambwe

Nyimbili Villagc/Location, Vwawa Division, Mbozi.17. Yumbayumba

Bulambya Division, Ilcjc District.

Sumbawanga and Nkasi Districts, Rukwa Region.18. Kawulunge

Nkundi Research Substation, Uyole Agriculture Centre.19. Kawulunge nkulu

Nkundi Research Substation, Uyole Agriculture Centre.20. Kawulunge ndogo

Nkundi Research Substation, Uyole Agriculture Centre.Mpiti21.

Sumbawanga/Nkasi22. Mkambu

Sumbawanga/N kasiMkasi23.

Mtuntumbe, Ntalamila Villages, Matai Division,24. Mautila

Sumbawanga District.

Kamsamba Division, Mbozi District.

Kipande Village, Kate Division, Nkasi District.25. Naameka

Mtuntumbe Village, Matai Division, Sumbawanga26. Tungumi

District.

Kipande Village, Kate Division, Nkasi District.27. Katila nycupc

Kipande Village, Kate Division, Nkasi District.28. Katila nyeusi

Mlundikwa Village, Kate Division, Nkasi District.29. Kafumbata

Swaila Village, Chala Division, Nkasi District
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Mlundikwa Village, Kate Division, Nkasi District.30. Kwawamakukulu

Katuka Village, Sumbawanga District.31. Kizembc

Kapewa Village, Mpui Division, Sumbawanga District.32. Changara

Bara, Maninga Villages, Igamba Division, Mbozi DistrictKachoncho33.

Chikoma Kamsamba Division, Mbozi District34.

Msangano Division, Mbozi District

35. Makulu Kamsamba Division, Mbozi District.

(= Chikoma) Chitete Village, Ndalambo Division, Mbozi.

Kamsamba Division, Mbozi District.36. Mawenza

Chitifi (= Kitifi)37. Kamsamba Division, Mbozi District

Msangano Division, Mbozi District

38. Ukopora Maninga Village, Igamba Division, Mbozi District.

Msangano Division, Mbozi District39. Namimwe

Iwandampalala Msangano Division, Mbozi District.40.

Msangano Division, Mbozi Distict.41. Isanga

Ndalambo Division, Mbozi District.42. Intiswe

Ndalambo Division, Mbozi District.Intiswe ndogo43.

Ivuna, Kamsamba Division, Mbozi District.44. Namsukuma

Kamsamba, Mbozi District.45. Mawenza

Kamsamba Division, Mbozi District.Nampwani46.

Kamsamba Division, Mbozi District.47. Sanga

Utambalilo, Igamba Division, Mbozi District..

Kamsamba Division, Mbozi District.48. Sanga ndogo
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Sul i la49. Chipumpu Village, Ndalambo Division, Mbozi.

Nsulila Mfuto Village, Ndalambo Division, Mbozi District50.

Kainsamba Division, Mbozi District.51. Machcnyentc

Zembe Msangano Division, Mbozi District.52.

Mitingi53. Msangano Division, Mbozi District.

Matitu54. Bundali Division, Hcjc District.

55. Nakilenjc Bundali Division, llejc District.

56. Msosia (= Yumbayumba) Ikonya Village, Igamba Division, Mbozi District

57. Mamvwoli Bulambya Division, llcje District.

58. Mbala Bulambya Division, llcje District.

Bundali Division, llcje District.59. Ngopa

60. Chibwuli Bundali Division, llejc District.

Bundali Division, llcje District.61. Manjelc

Bundali Division, Ileje District.62. Balonia

Bundali Division, llcje District.63. Ndonc

Bundali Division, llcje District.64. Ndwanga

65. Wild finger millet

Kainsamba Division, Mbozi District.Kalolo

Bara village, Igamba Division, Mbozi District.Ndezya
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Appendix 2. Field plan for slash and burn experiment in 2001

Replication 1Replication 4Replication 5

Random burningSystematic burningNo burning

No burningRandom burningSystematic burning

Systematic burningNo burningRandom burning

Replication 2Replication 3

Random burningSystematic burning

No burningRandom burning

Systematic burningNo burning
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Appedix 5. Field plan for ntumba (mound) and nkule experiments in 2001.

Mound cultivated plots

Plot 5 Plot 5

Plot 4Plot 3 Plot 3 Plot 4

Plot 2 Plot 1 Plot 2 Plot 1

NKULE EXPERIMENT

Normal (sesa) cultivated plots Nkule cultivated plots

Plot 5Plot 5

Plot 3 Plot 4 Plot 3 Plot 4

Plot 1Plot 2 Plot 2 Plot 1
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