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ABSTRACT

This study was conducted in Bukoba District where land shortage and poor soil
fertility are predominant thus limiting the productivity of thedarin this farming
system, grasslands form an integral part in land productivity. However, changes in
land tenure systems patrticularly for grasslands in recent years have undermined the
functionality of the agreecological system. This study was designeaexplore the

roles of grasslandsn sustainable improvements of land productivity through
intensification of three predominant land use types namédgnja, Kikamba and
Rweya Research methods involvedterviews, group discussions, and retrieval of
archival information on changing tenusystems; field experimentation and model
development. Data were analysed for descriptive statistics, principal component
analysis, ANOVA and modelling by SPSS, Conoco, GENSTAT and GAMS,
respectively. Results establish#état customary tenure and land use practices have
been destabilized by changes aimed at privatization of grasslands. Characterisation of
farming households revealed three virtual farm types (FT) distinguished by: soil
fertility management strategies, fosdcurity, and farm and efarm income being
important indicators of variabilityAll FT were found to be net food buyers annually.
Grassland productivity revealed annual biomass production of 7 4artta7.1 t ha

at high and low rainfall zones, resgively. The nutritive qualities of grasses were
generally low throughout measurement period, although was better during first six
months after burning implying the best grazing phase. Sustainability options for the
three virtual FT showed th#tibanja productivity can be maintaineid the absence

of cattle provided that sufficient area Ktkambato grow herbaceous legumes for
supplying adequate N and K for optimugfibanja productivity. Farm labour were
found amounting to only 35%, 25%, and 39% of thalaloke family labour for FT1,

FT2, and FT3, respectively, implying presence of excess labour that could be
allocated to offfarm activities. These findings imply that the productivityabanja

could be sustained even in absence of cattle provided thetdficient land area for
RweyaandKikambaaccessible to farming households.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Background

Despite the fact that stBaharan Africa (SSA) is relatively well endowedthwi
natural resources, this region has the lowest land and labour productivity in the world
(Mwangi, 1997). While the population growth rate is among the highest in the world
with average of 3 percent per yetre annual increase in food production is dhly
percent (Breman and Debrah, 2003). At the same time, poverty is at increasing trend,
while the policy on economic and institutional environment in these countries still
does not create the necessary incentives for improved agricultural productivity per
unit area (FAO and World Bank, 2006). The major challenging task therefore is to
promote a balanced and efficient use of natural resources including land and its
resources at farm and community levels in order to intensify agriculture production

in a sustmable manner.

Tanzania is one of the countries in SSA located in East Africa, with an €94&,087

sq km, and a population of 45 Million inhabitants (NBS, 20T3)e economy is
largely based on agriculture, which accounts for more than half of GDRAdpY
approximately 85% of exports, and employing about 80% of rural workforce. The
topography and climatic conditions, however, limit cultivated crops to only 4% of
the land area (ESRF, 2006). More than 80% of the population is rural and almost a

half of country population is under 15 yedNBS, 2013)



Kagera is one of 30 regions in Tanzania having eight administrative Districts among
which are Bukoba, located on the Noewrestern Tanzania along the shore of Lake
Victoria (Figure 1). Main economic adities in the District and the region as whole
include agriculture (crop and livestock production), fisheries, andaaofi small
business. In Bukoba Distrietgriculture employs about 90% of the rural population
(Mwijage et al 2009). Main crops are: Hitand bananaMusaspp L., 33% of the
total farm area), Robusta coffe@dffea canephor®ierre ex A. Froehneg22%), and
common beansPhaseolus vulgarid, 15%). The roots and tubers (cassava
Manihot esculent&rantz and sweet potatolpomoea batatadl..) Lam occupy 22%
and the remaining crops such as fruit trees, spices, pumgkutsipita pepao(L.)
Dumort, yams Discorea sp Molina, taro Colocasia esculenté..) Schott, tomatoes
(Solanum lycopersicurh.) and amaranthsAfmaranthusspp. L.) altogetér occupy
8%. Other economic activities include smsdhle fishing, and offarm waged

labour in the Bukoba municipal and neighbouring institutions.

BE
¢ ke e
P e '“_aﬂr.:"
_'_J{ -‘ [ ] I"-._\_ " e — ———%,.I.‘::':i."“
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TANZANILA a 2
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A Sampling
sites
Figure 1: Map of Tanzania showing the location of Bukoba District and

villages in which this study was conducted. (31°32°E and 1°-1 A3 06 S) (At

Shand, 2006)



Past efforts in agricultural research in Bukoba District has focused mainly on
production intensification that require purchased farm inputs which, incidentelly ar
beyond reach by most smallholder farmers. Consequently, this has resulted into
limited practical results as evidenced by continuously declining land productivity. In
order to focus on current gaps and challenges, the global research agenda is gradually
moving from center of attention on individual crop commodiised performance
towards improving the productivity of agro ecological system through improving
resource use efficiency at farm scale while targeting appropriate technologies across

the diverse ature of farming households (Gillet al, 2006; Tittonelgt al.,2008).

Avalilability and access to common land resources

Accessibility to, and availability of common land based resources that impacts on
land productivity to smallholder farmers are remtly limited to a small number of
farmers and is likely to continue like this in future until appropriate programs and
policies are put in place. Immediate strategies using faavetable resources are
therefore needed to reach more farmers for allienjgpoor productivity problems.
Although fertilizers are used in some areas, but are applied in very small quantities
and therefore insufficient to meet crop demands Smadingl. (1997). Organic
inputs are often proposed as alternatives to mineraliZers although traditional
materials such as grass mulch, crop residues, and animal manures cannot meet crop
nutrient demand over large areas because of limited quantities available, inherent low
nutrient content, and the associated high labour demandprmressing and
application. Accordingly, crop yields still fall short of their potential because of

inadequate nutrient inputs. Apparently there is rapid decrease of the area under



Rweya (Figure 3) which is the main sources of organic inputs to farmers th

amalgamate current threats to productivity ofKlteanja.

1.2  Characteristics of the Farming System

The farming system in Bukoba District represents a typical East Africa highland
bananecoffeebased farming system, considered as one of highly integystems

in SSA (McMaster, 1961; Baijukya, 2004). Inhabitants are mainlyHtga people

who makes majority of smallholder farmers. THaya divides their land use into
three main functional landse types namely (for convenience) in local vernacular as
() Kibanja, (i) Kikamba, (iii) Rweya(Plates 1 and 2)Here, a land use type is
defined not only as the actual cover of the land with vegetation, but also the

functional use of the land and the social values attached to different uses.

Rweya Kikamba Kibanjaclusters

Plate 1: Aerial photograph showing the position of theKibanja (A), the
Rweya (B), the Kikamba (C) river lines with riparian forest (D) and Lake
Victoria (E) and other features including beaches (F), on the landscape of
Bukoba District (Source Google Earth, 2014)



The Kibanja (plural bibanja) is a home garden with mixedops but dominated by
bananas. So a person is regarded to Kalvanja only if he/she has bananas growing
around. TheKibanja also has dwelling, economic and social impec&ato theHaya
community including burying the dead (FSRP, 1990; Maruo, 2002; Yamaguchi and
Araki, 2003). A group obibanjaof about 1000 households forms a community of a
village. Traditionally, theHaya people had devoted to bananas as staple food such
that they could eat cooked bananas for whole year round if available. Robusta Coffee
is grown as main cash crop in mixture with banana irkibanja subsystem. The
Kibanja is also mixed with other seasonal crops such as legumes, roots and tubers,
vegetdles, trees (fruits and timber), spices and local herbs. Often, soil fertility in this
land use type is enhanced by cushions of organic materials originating from the
Rweyagrass as mulghmanure, residues from thékambaand household refuse.

This meansthat Soil fertility management in thkibanja depends not only on
inherent natural fertility, but also on the degree of leaching and the availability of
organic manure. Generally, the status of soil fertility for Kiilganja subsystem is
gradually decrea@sg at the moment following low and yet declining supply of

intrinsic and external inputs.

However, Bukoba District is among areas rated to have the highest nutrient mining in
SubSaharan Africa, with an estimated annual nutrient depletion rate of 41 kg
nitrogen (N), 4 kg phosphorus (P) and 31 kg potassium (K) per hectare (Bekunda
al., 2004). These figures represent the balance between nutrient inputs as fertiliser,
manure, atmospheric deposition, biological nitrogen fixation, and sedimentation, and

nutrient outputs as harvested products, crop residue removals, leaching, gaseous



losses, surface runoff and erosion. The figures, therefore, are evidence that nutrient
inputs are limited, and the basis of argument that the future growth in agriculture in

theregion will depend primarily on improved land anagement.

The Kikambais intrinsically a piece of land adjacent to tibanja ordinarily away

from the homestead, with relatively low productivity or a deterioratiifignja with

poor soil fertility statusThis land use constitutes a small fallow land with mixed use
for growing seasonal crops like maize, sweet potato, cassava and yams. Often, it is
generally left to be reclaimed by grass and weeds or to lie fallow.Kikenba
continuously exports nutrient® the Kibanja via crop residues (Baijukyat al.,
2005). Several reasons constitute to the formation oKikembg for instance, the

farm unit may be too large, so that the farmer fails to maintain part of it due to labour
constraints, or he/she may to® old thus unable to till the wholabanja; change of
ownership of the farm where it may take some time before the new occupant
manages to cultivate the whole farm. This-sybtem is sometimes regarded as a

subtype under th&ibanjawith same tenurarrangements.

The Rweyaconstitute open grassland with several shallow and-os#pd grass
species, few trees and shrubs. This land use type is located between villages (Plate
1), mainly with shallow rock outcrops or steep slope gradients that ohygimas

owned and accessed communally for multiple uses including cultivation of crops,
grazing livestock and fodder collection, source of grasses for muldfilvanja,
thatching, and collection of grasses for house carpeting, drying sardines, habitat of

wild animals and provide places for social functions. It is, therefore an important



land use type for the livelihoods of rural communities. However, overall area cover
and the productivity of thRweyais rapidly declining due to many factors, including
popuation pressure, unfavorable climate (such as high rainfall, which results in high
leaching of soil nutrients) and changes in tenure systems. Other factors comprise lack
of awareness of the benefits of soil conservatiorongRweyausers which causes
themto continue with same farm practices. Besidedals on the use of tHieweya

do not give incentives for users to adopt soil conservation measures; therefore the
rate of degradation in thHeweyais rapidly raising leading to decreased efficiency of

entirefarming system.

The fertility status of th&ibanja has been maintained by continuous importation of
nutrients from theRweyain the form of mulch and manure. TiRaveyahas been
deemed sufficient to maintain the productivity of tk#vanja subsystem fopast

many years. With time, changes of economic policies since political independence in
1961 tedate have contributed to suppression of the role of traditional rulers in
control and management of tReveya Village governments have continued to have
very little regulatory power in the control oRweya use andmanagement.
Consequently, there has been shifting of balances among the three dominant and
closely interrelated land use typeKil{anja, Kikamba and the Rweyq, thus

threatening for continued systesroductivity.

1.3  Problem statement
The banandbased farming system in Bukoba District comprises an integrated

mixture of banana, coffee, annual crops, and livestock. Bananas are staple food in



Bukoba District.Due to intensive care by farmefarm prauctivity was flourishing
in the area until the beginning of the"26entury (INIBAB, 1990). Since 1970s,
banana production has been reported to decline. For ex&upglemeaet al (1994)
reports a decline d0% between 1970s and 1990s; while De Wee2003) report a
productivity falling from 10t ha to about 4t ha in the 2000sHowever, at Maruku
Agricultural Research Institute, the yields of 30t veere documented in the 1990s,
which may be considered the maximum potential banana yield for Biktilveana,

et al, 1997).

Major causes of present decline of land productivity in Bukoba District is linked to
poor soil fertility management practices, pests and diseases, land shortage and tenure
systems as well as poor marketing systems of agricultuoglupts just like other

parts of SSA (Yanggeet al, 1998). For example, the use of mineral fertilizers in
SSA averages to less than 10 kg per cultivated hectare which is less than 10% of
average intensity of fertilizer use in developed countries (EhdiiRender, 2005),

and in Bukoba District, the use of inorganic fertilizers is by just 5% (MAFC, 2012).
Although poor infrastructure and pricing policies are difficult to quantify, they are

also among constraints to farm productivity per unit area in theidis
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..Pemba South
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= Dar es Salaam

Figure 2: Distribution of Fertilizer Users (% of farmers) across Tanzania

(SourceMAFC, 2012)

In fact, fertilizer use in Tanzania is highly concentrated in the Southern Highlands
and just a few other regions applyingmadhan half the fertilizer consumed annually

(Figure 2). The low incidence and level of fertilizer use in Bukoba District is thus a
major contributor to low productivity and thus demonstrates a wide gap between

potential yields and observed yields.

According to Rutherford and Phiri (2006), the reduction of crop production and
losses pertaining from crop pests and diseases contributes significantly to poor

productivity by up to 30%. In fact, past practices of pesticide use cannot be
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sustained. Concerns arecreasing from pesticides use that compromise human
health; contaminate soils and water and damage ecosystems; exterminate species;
and |l ead to pesticide resistance, pestso
Evidences show that overuse of pedes leads to decreased food production
through toxicology to flora and fauna (Akter al.,2009). Therefore, environmental
sound alternatives i.e. integrated pest management, must be developed and adopted.
In the 1990s through 200s the government laedctwo projects namely: Kagera
Community Development Program (KCDP) and the Kagera Agricultural and
Environmental Management Project (KAEMP). The two projects, however, were
addressing declining productivity as emanating from pests and diseases as well as
poor planting materials and not land use and tenure systems as regards to the use of

grasslands (KCDP, 2000).

Other factors that hinder agricultural productivity comprise-tpwlity feed (Leng,
1990), and diseases to livestock as well as human diseashsas HIV/AIDS,
malaria, and tuberculosis that contribute to farm labour constraints. For example,
SSA remains the region most heavily affected by HIV, accounting to 67% of the

people infected, and 75% of AIDS death in the world (UNAIDS, 2008).

At the nroment, the farming system in Bukoba District is, therefore, challenged with
complex interaction of several constraints leading to declining farm productivity
(Tibaijuka, 1984; Flooret al, 1990; FSR, 1990; Rugalenea al., 1994; Baijukya,

2004). Although this decline has been a subject to number of investigation

(Friedrich, 1968; Mbwana, 1983; Wijnalda, 1996; Baijuletaal, 2005), most past
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research has focused on tk@anja subsystem and mainly on commodity based
research. Nevertheless, to understtmsl as well as similar farming systems in East
African highlands, it is important to analyze the interaction and dynamics of the

various elements that constrain the productivity in the context of system analysis

approach.
19603
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Figure 3: Conceptual model representing the dynamic nature of land use

and cover in Bukoba District as perceived over the last 45 years

Key: A) In 1960s, the ratio between thé€banja to Rweyawas estimated at
approximately 1:4 considered as adequ#tge;By 1980s, substantial area of the
Rweyahad been planted by state forests and some encroached by institQjidms;
2000s, a significant area of tReveyawas privatized or grabbed by individuals who
establish trees plantations, build institutions &itshnja expansion thus reduced the
ratio to about 1.2, regarded as inadequate for sustaining the productivity of the

Kibanja (Source: Baijukyaet al., 2005).
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The Rweyais basically used for grazing and therefore source of manure and mulch
for crop fields ad provide area for shifting cultivation of annual crops especially for
landless families. The overall area unédranjain the District has equally increased

due to population growthver the last 50 years at expense of Rweeya.Livestock
management igradually changing from free grazing system in the communal land
(Rweya to labour and capital intensive system that involve cut and carry under zero
grazing system. The contemporary socioeconomic developments in the country and
policy changes such as yatisation of parastatal organisations during this period has
aggravated land tenure relations thus hinder some households from accessing

adequate manure and mulch for th&ianja (KCDP, 2000).

1.4  Objectives of the study
The overall objective of tki study was to establish the roles of grasslands in
sustainable improvement of land productivity in the badzased farming system of
Bukoba District. Specific objectives for this study were therefore:
I.  To identify the factors contributing to decline ofagslands area along with
their impact on the productivity of the farming system;

i. To examine the impact of declining grasslands to various categories of
farming households;

iii. To assess the availability in quantity and qualityRefeyagrasses used as
fodder pr livestock and mulch grass for home gardens over different seasons
in the year;

iv. To determine the quality of fodder for livestock and mulch grass used in

home gardens;
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v. To explore for sustainability options for farm productivity.

Guiding Research Questios
The following research questions were guiding this systematic inquiry in the two
villages where the study was conducted:
I.  What are roles of land tenure system of communal lands in farmland
productivity and poverty alleviation?
ii.  How much is the customaggmmunally owned grasslands have been
affected by the contemporary land tenure arrangements at village level?
iii.  What are constraints and opportunities for agriculture development and
other norfarm activities in relation to pressure on communal land at local
level?
iv.  What and how much do grasslands contribute as resources to farm lands

and the livestock at household level?

From the cited literature no concise answers to the above research questions and in
fact land productivity has not improved to majority lmduseholds. This current

situation therefore aroused interests to warrant further investigation in this study.

1.5 Outline of the thesis
The motivation for, and major issues addressed in this thesis are summarized in the

preceding section of this genknatroduction in the following diagram:
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1. General introductio

L

Characterizabn of the farming syste

2. Land tenure changes and fe 3. Development of Household typolog

Productivity

Field experiment

4. Quantifying the roles oBrasslands in the farming systems

[

Analysis of resources allocation across household farms

5. Exploration for the impact of declining Grasslands to existing household types

to sustainability of th Kibanij:

v

6. Summary of findings and conclus

Figure 4: Summary organization of the contents in the thesis
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CHAPTER TWO

LITERATURE REVIEW
2.1 Impact of land tenure changes on subsistence agriculture.
Landtenure and livelihoods
Livelihoods in Bukoba District, like other places in Tanzania is directly or indirectly,
heavily linked to land as source of fundamental human needs of survival, for
habitation, subsistence cropping, or for foreign exchange ear(ihggage et al.,
2009). However, access to and controls over land resources by farmers have

frequently been determined by sogolitical structures.

Plate 2: The three main land use types existing in the banaraased

farming system in Bukoba District

Key: A: Kibanja; B: Kikamba; C: Rweya
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Plate 2 shows the three main land use types predominant in Bukoba District. The
study on landenure systems analyses the squmditical relationships between man

and land and beten man and man in respect of land. These relationships have
always been fundamental in any economy or society, and they remain particularly so
in preindustrial societies where land usually constitutes the primary form of wealth
and source of power, a deal factor of production and a major determinant of social

structure and prosperity.

Land tenure relationships among members of any society can therefore regulate the
security of individuals or group and hence influence social, political and economic
stability. They can dictate access to credit and to new technologies, and they may
also help to determine the levels of capital formation and investment. They may exert
considerable influence over income distribution and consumption patterns, over rural
employment and they may also present a primary obstacle to economic development,
to new enterprises, and to social change. They may reduce or frustrate economic
opportunities; legitimize existing inequalities (Mwijageal.,2009); limit the power

of choice ad action of families or individuals; or limit rights of association and

prevent the achievement of minimal social and political freedoms (Smith, 2004).

For these reasons, efficient land tenure systems should be of central concern for
political leaders, emomic planners, and architects of social policy, for they link

human with natural resources, and it is only through their examination and analysis
that this fundamental relationship may be understood and thereafter planned.

However, as observed by (Mwijaget al., 2011), community control and shared
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management over communal lands in Bukoba District sincegomial time tedate

has tended to decay, such that the system is now being advanced towards the
individualization of property rights. The unprecetihincrease in population in the
District has also tended to build a closer personal identification with a specific parcel
of land particularly theRweya This has promoted the spread of more intensive
methods of land use and as a result, the interdepeads traditional system of land
tenure has been found increasingly incompatible with a contemporary market

economy.

As for many African countries, weak governmental institutions appear to be a more
important cause of pathway to conflicts related to laidylobal scale, globalization

and centralization of power has grown, and the degree of insecurity has increased. In
fact, the world is facing global economic crisis, and, inseparable from this, is a crisis
of growing global inequality and rising powertThese urgent and unprecedented
economic and sockolitical changes pose huge challenges and the signs are there
indicating a ne-sattordl attentios todssued peréaining dor lang s

tenure systems.

Land tenure and agricultural productivity

In the ongoing debate on land rights and tenure change in Africa, an economic
model predicting increased agricultural productivity following the establishment of
privatized property rights continues to occupy a central position. The assumption that
transferable property rights wild@l i mprov

investment often underpins land tenure reform policies although empirical evidence
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shows mixed results or, suggests that the relation may be different (Deininger and
Jin, 2006). A common feature of studies on property rights and land tenure change,
however, do focus on tenure arrangements, that is, the set ofpsditical
arrangements by which access to land is regulated. Understandably, land tenure
revolves around is&s of governance, as the regulation of the access to land as well

as its use defines a tenure system.

Despite unprecedented thinking on transformation of customary land rights by non
customary tenure ideology and legislation provisions, customary tegst@ms not

only persists, but also is still by far the majority form of land tenure in most countries
of SubSaharan Africa (Wily, 2000). In fact, land tenure debate often becomes
focused on the failure of central government to enforce legislation @cogmize
particular local tenure arrangements, or on the need for government to implement
tenure change policies. Academic studies (Platteau, 1996), have focused on the
social, economic and/or legal ptenditions for tenure change, thus understanding
charge in tenure rights as an evolutionary process. Consequently, tenure
arrangements tend to become seen as mutually exclusive, and ordered along a linear
development path, and often discussed without an appreciation of the land use

practices to which theserangements are linked.

In the context of evolutionary model of land tenure change and agricultural
productivity, the World Bank argues that private property is a key incentive for
farmers to invest in land and that because of diversity and changing sratems,

agricultural modernization combined with population pressure makes privatization of
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land necessary (Toulmin, 2008). The critics of this-memlernization model argue

that the data on which these arguments are based are too weak to support such a
claim (Atwood, 1990). On the other hand, Haugerud (1989) shows evidence from
Kenya where privatization of land did not lead to significant investment in
agriculture because credit funds were most often diverged to othdarmoff
investments including landpeculation. Further evidence from Ghana and Rwanda
indicates that privatization of communal land had little effect on productivity of the

farming system (MigeAdhollaet al.,1991).

The point of departure is the farming system and its productivitycéitre focus in

this research is on the agricultural systems, which tenure reform policies claim to
promote. Building on an analysis of the development of the bamsed farming
system in Bukoba District, Tanzania, changes in land use astigith evdving,

and yet diverse tenure arrangements are described. Such arrangements cannot
simplistically be ordered along an evolutionary development path from open access
towards increasingly individualized forms of land tenure, as historically, different
tenurearrangements have applied for different land uses. It is these distinct land uses
and tenure arrangements combined, which constitute the structure of the farming
system and the livelihoods of farming communities. Hence, the case of Bukoba
District bringsout different perspectives that have wider (policy) relevance; that is
tenure arrangements have to be understood in conjunction with the diverse land use

practices that they regulate.
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Therefore, land tenure and conflicts prevention, mitigation and reggotisn in
Tanzania, like in other African countries need to place and interpret the land issues
within a specific and particular historical and social context. This would help sort out
the land related conflicts without applying or copying generic lafokm solutions

to intricate land problems.

In the Bukoba District context, farmers face complex constraints regarding decisions
in the allocation of scarce land resources for optimum crops and livestock
productivity. Often their decisions are influendaeyl sociceconomic factors, which

also vary with resource endowment of individual households. As matter of fact,
sustainable land use comprises ecological, -tggbnical and socieconomic
dimensions; but these objectives can be regarded as constraiatsédbey are
often given different priorities by different inherent farm types within any farming
community. One of key strategy of increasing the resource use efficiency and
sustaining them at farm level is to apply an integrated approach of systersisanaly

that integrates socioeconomic and biophysical components of the production system.

In this farming system, therefore, grasslands are important in nutrient cycling and
sustainability of the system not only through cattle, acting both as concentradors a
transporters, plant nutrients in the form of manure are moved from the grasslands to
crop fields, but also farmers enrich soils of crop fields by applying grass muilch
obtained from the grasslands, and harvest grasses for other purposes such as
thatching Nevertheless, in this areaccessibility to, and availability of communal

land-based resources that are important on productivity of smallholder farms are
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currently limited to few farmers and is likely to continue like this in future until
appropriate ppgrams and policies are put in place. The use of organic inputs such as
mulch grass, crop residues, and animal manures are often proposed as alternatives to
mineral fertilizers (Gilleret al., 2006). However, as observed in the general
introduction partthere is rapid decrease of the area umdenmunal land Rweya)

in Bukoba that is available for smallholder farmers and which is basic in supplying

of fertilizing organic materials to farm lands. Thifen worsened by a combination

of privatization pdcies and unrestricted market forces pertaining to land; and by greed
and corruption by the rich and powerful individuals leading to changes of tenure
systems and use of the land. As the results are limited access rights to common lands by
some smallholdefarmers in the farming system thus hampering the productivity in

their farms(Mwanukuzi, 2009).

In addition to economic policy issues, there is also increasing human population
which also has intensified the competition on the use of grassland resolinceis
because not only more people tend to use the grasslands but also part of the
grasslands is turned into other uses. For example, eucalyptus and pines trees were
planted in Bukoba since early 1970s through the recent time for timber and firewood
(Mwanukuzi, 2009). Mwijageet al. (2011) accounts for an imbalance of nutrient
flows within different land use types in the system following disruption of traditional
land tenure arrangements in the farming system. Since nutrients moves within the
system though manures and mulch grass, an estimate and quantification of organic
material resources from tlweyato farmlands is of supreme importance in an effort

to explore for system sustainability.
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should leadta ncreased quantities of manure bec
around the homestead, which in turn should result in increased productivity.
However, there has been no systematic collection of data on manure and mulch
availability, utilization and prodttivity in relation to accessibility to grassland
resources, and it IS uncl ear whet her th

improved soll fertility and productivity of smallholder farms.

2.2  Variability among farming households (Farm typology)

Smallhdder farming systems in Su®aharan Africa illustrate a high degree of
dynamism and heterogeneity due to complex interactions of-scoimomic and
biophysical factors (Gilleet al, 2006; Tittonellet al.,2007). This heterogeneity is
related to variabily in production objectives and resource endowment status of
individual households (Zingore, 2006). The inherent variability often influences
responses of farmers to various technologies that aim to improve farm productivity
and natural resource managem@ral et al, 2001; Emtage and Suh, 2005). This
means that many technologies that have been developed on research stations and
translated into blanket recommendations are not always appropriate for the entire
farming community. The underlying assumptiaofsresearchers and development
actors are that farms are similar within the particular farming system, and that less
productive farms would follow the target farms, thus adopting new technologies
considered superior (Kaihura and Rugangira, 2003). Howefamers with
relatively good access to resources can more easily afford the risk associated with

changing farm management practices than resource poor farmers (Chambers and
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Jiggins, 1987). Thus, efforts to disseminate improved management practices for crop

and livestock systems need to take account of this inherent farm diversity.

Bukoba District is one of the most densely populated areas in Tanzania,
characterized by the coffdmnana based farming system with ubiquitous land
shortage. As in many othernp&in Africa, the delineation of this farming system is
based on agrecological zones distinguished by rainfall, parent material and soils
(Lorkeers, 1995). Such broad classification does not take account of the variability

among farms in terms of socm®omic characteristics.

Currently, the productivity of the farming system is declining; a crisis connected to
land tenure arrangements that has resulted in an imbalance among basic land use
types prevailing in the farming system referred in local padaasKibanja,
Kikamba,and Rweya.However, understanding the variability in terms of spatial and
temporal resource use strategies and opportunities among the farming households is
needed to allow design of relevant interventions for improving resource use
efficiency at farm scale. Only few studies (e.g. Nkuba, 1997; Maruo, 2002)
attempted to classify households in the Bukoba farming system in the past based on
farm sizes and farming strategies. Yet, these studies did not take into account of the
socioeconmic characteristics, resource endowment base of households and the role
of social stratification in access to common property resources. Consequently, the
implications of their classification were limited in terms of policy recommendations

and technologyrénsfer at farm scale.
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2.3  Contribution of grasslands to farm productivity.

Grasslands play major roles in the development and sustenance of sedentary farming
systems in most parts of s@aharan Africa (Boonman, 1993; Bogaleal, 2008).
Through cate, acting both as concentrators and transporters, plant nutrients in the
form of manure are moved from the grasslands to crop fields. Farmers also enrich
soils of crop fields by applying grass mulch obtained from the grasslands, and
harvest grasses forther purposes such as thatching. With increasing human
population, competition on the use of grassland resources has intensified; not only
more people use the grasslands but also part of the grassland is turned into other
uses. For example in Bukoba Distrieucalyptus and pines trees were planted since
early 1970s for timber and firewood (Mwanukuzi, 2009). Though grasslands are
essential in African economies, their contribution to sustain agrarian systems remain

poorly understood and are often neglectimtibha, 1986).

This study therefore is aimed at: i) to understand how local communities use the
grasslands and their products; ii) to quantify monthly and total seasonal biomass
availability and the relative contribution of different species in the gradslaf

Bukoba District; and iii) to quantify the forage value of the available grass species.

2.4  Options for improvement and sustaining the production system

System description

The farming system in Bukoba District is bandr@sed and is distinct fromther
forms of crop production in Tanzania (Rald and Rald, 1975; Rugat¢mlg 1994;

Maruo, 2002; Baijukya, 2004). Originally, Bukoba was inhabited by Bantu people
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who practiced slash and burn shifting cultivation and grew finger mHetutine
coracara Gaertn.), and yamsD{oscorea sp. Molina.), for approximately two
millennia before banana came to dominance. In theceBitury the NileHamitic
pastoralists arrived in the Kagera region from the lower Nile Valley and brought
cattle with them. The tworgups mixed and formed a society, now calledHlaga,

who built up a perennial culture of banana plants by exploiting manure with careful
management to enrich the highly weathered soil. Even today replenishment of
fertility in banana fields depends mainbn grass materials brought from the
surrounding grasslands as mulch, and through cattle manure (Bagukya2005;

Mwijage et al.,2011).

The Haya farmers classify land use into three main categoRé@sanja (bibanja i

plural) Kikambaand Rweya The Kibanja is the archetype of thelaya rootedness

and prosperity where farmers grow bananas -pi@nted with Robusta coffee,
maize,common beanand r oot and tuber crops. A Buk
in theKibanjawhere he/she erects a family homecluster of severaibanja, each
surrounding a homestead, forms a village community, which Milne (1938) describes

as O6an island of fertil it yKikambacdndises ofsea o
land used for cultivation of annual cropsmainly maize, cassava, sweet potatoes

yams and occasionally taro (FSR Project, 1990). Riveyais savanna grassland
dominated bygiant yellow spike thatching grastyparrhenia rufa(Nees) Stapf and
Hyparrhenia hirta (L.) Stapf); CouchgrassE¢agrostis olivacea(K. Schum) and

Eragrostis mildbraedi(Pilg.); Russetgrasd.¢udetia kagerensié&K. Schum.) Hutch;

and yellow thatching grassHyperthelia dissoluta(Steud.) W.D. Clayton. The
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grassland is used for communal cattle grazing, as a source of grass for muiching i
the Kibanja, for thatching of houses and for home carpeting. Shifting cultivation of
Bambara nuts\{igna subterraneariL.) Verdc.), cassava and yams is also practiced
on small areas of theweyai a practice known a®musiri. The RweyaandKibanja

are irterdependent and central to the livelihoods and food security of local people.
The Rweyasoils are intrinsically poor, developed shalesand sandstones that are

well drained, very deep to moderately deep sandy clays to clay loams.

Like most other areasf SSA, smallholder farmers in Bukoba District, faces complex
constraints regarding decisions in the allocation of scarce land resources for optimum
crops and |ivestock productivity. -Often
economic factors, whichalso vary with resource endowment of individual
households. In addition, land shortage, degradation and ecological imbalance among
the dominant land use types. As matter of fact, sustainable land use comprises
ecological, agrdgechnical and socteconomicdimensions; but these objectives can

be regarded as constraints because are often given different priorities by diverse farm
types. One of key strategy of increasing the resource use efficiency and sustaining
them at farm level is to apply an integratepraach to the management of soil

nutrients along with other complimentary measures (Tittenal.,2007).

The existing variability among farming households in Bukoba farming system is
linked to the use of conventional farm inputs. However, research idomhailand
suggests that there is a significant scope to improve productivity through efficient

use of available resources such as organic and inorganic fertilizers, good planting
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materials, machinery, livestock, labour, and land (Cho and Zoebisch). 2683
example, incorporation of herbaceous legumes that fix atmospheric nitrogen in the
degraded soils is one of recommended solution to soil fertility problem in Africa
(Giller et al, 2009). In Bukoba farming system, the use of organic materials in the
form of mulch and manure has been widely used in soil fertility management for
long time past and tdate, remains the only affordable means to majority of
smallholder farmers. Certainly, organic materials alone are not enough and are
unlikely to guarantesustainable soil productivity particularly in the highly depleted
soils. Hence, an integrated approach that helps to design for efficient use of available
resources is recommendedt{onnelet al.,2005; Giller et al., 200%; To accomplish

this, and pdraps to reverse the deteriorating situation, appropriate policies are
needed because farmersd dependence on
alone to maintain or to improve the productivity of farms is no longer assured.
Therefore, the current studyas designed in order to determine future opportunities

available for keeping the productive farming system.

In order to address the sustainability objective, a Multiple Goal Linear Programming
(MGLP) model was developed to explore options of differantlluse scenarios. The

aim was to address these issues through
the productivity of theKibanja while considering environmental objectives of

positive N and Kbalances for th&ibanjathat addresses sustainabibiyenario.
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CHAPTER THREE

MATERIALS AND METHODS
3.1  Study Area
Bukoba is a District in Kagera region, noxtlestern Tanzania, located on the
western shore of Lake Victoria%1°3 0 6 S °&@2H) @ithin altitudes ranging
from 1150 to 1600 m.a.s.l, coveg about 786,000 halhe District is bordering
Uganda on the northern side, Lake Victoria on the east, Muleba District on the south,
and Karagwe and Misenyi District on the west as indicated in Figure 1. For purpose of
effective pl an hoodsgn tdrnesof agrieubupe larel sabural resaueds
management, the District is broadly divided into two main -&gajogical zones: the
high rainfall zone and the low rainfall zone, following the criteria of rainfall, soils,
population density and agriture. The District has total population of 290,000 and
around 66,000 households (NBS, 20¥8ka coverage fodominant land use types in
Bukoba District consist ohe following: Kibanja covers approximately 289%Rweya
25%, Kikamba 7%, and others planted and natural forests, institutions, water

bodies, swamps 40% (Baijukgaal.,2005).
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Figure 5. Map indicating the location of Bukoba District and boundering

Districts

Rainfall distribution follows a bimodal pattern and aahwainfall ranges from 900 to
1500 mm in the low rainfall zone (LRZ) and 1500 to 2200 mm in the high rainfall
zone (HRZ). Soils are classified as Alumihumic Ferrasols, inherently poor in
fertility, developed from sandstones and shale materials that ghty Heached
(Touber and Kanani, 1994). Soil fertility and productivity Kibanja depends on
large application of organic inputs mainly from the grassl&wlelyd as mulch and

manure.
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In the study area, there is large degree of soil heterogeneity, vididhe
consequence of the inherent daihdscape variability, high soil nutrients leaching
and the effect of past and current land management (Tigbél, 2010). The status

and variability of soil fertility within smallholder farms are therefore Ik vary
between households of different social status, cattle owners vatitenowners, or
between those pursuing different leteym objectives like market orientation or
subsistence farming. The district whose total ared,663.91 km?, is aengly
populated highland1(76 persons kifi (NBS, 2013). Thesmallholder farms range
from cashoriented coffee growers through secoimmercial cereal and roots and
tubersbased systems. In general, continuous cropping with few or no nutrient inputs
coupled wih removal of crop residues from the fields has led to a general poor

fertility status of the soils (Shephestial.,1997).

3.2 Communal Land Tenure in Relation to Productivity and Poverty
Alleviation (objective 1)

Questionnaires were designed to adllesocioeconomic information through

interviews to farmers within study villages. Historical data on changing land

tenureshipandsocioeconomic information was composed from archives and through

household interviews, focus group discussions, and fromichdil interviews as

well as by physical observations during transect walking in the study area.

The survey data were collected from twitlages namely Butahyaibega®7l6 S and
31°480E) and2BwWtSu 192ngd@ E3(11i n Bukoba Darestri ct

located in the High Rainfall Zone (HRZ) and Low Rainfall Zone (LRZ)),



31

respectively of the farming systef@ral historical data on changing latehureship

were obtained through focus group discussions and key informants interviews at
various stages. lie discussion started with 20 elderly participants per village (in
equal proportion of men and women) forming a focused groups in order to solicit
their perceptions as regard to access and control of available grasslands in their
village. Selected farmemsere those considered knowledgeable on use of grasslands
by the villagers at the meetings after we had explained the objectives of the study.
This was followed by household surveys in each village, i.e. Butahyaibega and
Butulage. Interviewed farmers werandomly selected from the village register,
initially by stratified sampling (wealth groups) followed by simple random sampling
for each strata of farmers. The generated information was collocated against time
lines of locally significant events includinig@mine and other significant political
events. Review of published and archival information provided policy information,
historical statistics, and dates against which to compare farms and community scale

trends in land management and productivity (Reini®$7; Rald and Rald, 1975).

Data analysis

The research was explorative and thus the data were analyzed using explorative
techniques for survey and interview information. The analysis began when data
collection started using various data collection taodtuding written notes or audio
recordings of what were observed during each session of data collection. Some

guantitative information was analyzed using SPSS software for descriptive statistics.
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3.3  Study on farming typology (objective 2)

Participatay rural appraisal

Administratively, the District comprises 94 villages in 29 wards. Based on the

aut horso previous knowledge of the farm
selected from each of the two rainfall zones: Butulage (724 households) iRZhe L

and Butayaibega (890 households) in the HRZ, to represent the farming system in the

District.

In each village, a meeting was initially held with village members to introduce the
objectives of the study. Participatory rural appraisal (PRA) techniqaes applied

in the course of the discussions with community members and in identifying
common property resources (Chambers, 1994). The introductory meetings were
attended by 225 and 193 members representing 25% of households in Butulage and
27% in Butayaikga villages respectively. During these meetings the participants
were split into three groups defined by gender and age: namely elderly women, and
elderly men (aged of 40 and above years), and youths (male and female under 40
years). These groups discuss@gndependently) issues related to available natural
resources, access and control of common resources as well as land productivity in
their farms. This process allowed the researchers to capture how different social

groups perceived common resources.

At the end of the meetings, each group elected three members who were considered
to be well informed about the soes@onomic environment of the area. These elected

farmers joined the village government leaders to form focus groups of 12 and 17 key
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informans in HRZ and LRZ respectively, who were involved in -sedfalth ranking

exercise of the households in the respective villages.

With the facilitation of a multdisciplinary research team and local extension
workers, the focus groups were asked to idemiiteria to distinguish wealth classes

in their village (Grandin, 1988; Sharrookt al, 1993). This resulted in the
identification of four wealth classes in each village. These classes were named
according to their distinguishing resources as wealthy1l)Raverage (RG2), poor
(RG3) and very poor (RG4) resource groups. The wealtking criteria were based

on livestock ownership, the assets owned (such as the quality of the house,
motorcycle, bicycle, television and a radi®ipanja area (for Butulagepnd tree
planting practices (which was mentioned in Butayaibega village as a land holding
strategy). Other socieconomic criteria used in wealthnking included ability to

hire labour or sell labour and access and use of farm yard (kraal) manure ahd mul

in fertility management of thiKibanja.

Using a village register, the focus group then allocated all households into one of the
four wealth groups (RG1 to RG4) (Guinand, 1996). In doing so, we aimed to capture
community perceptions regarding the exigthousehold diversity and to ensure that

the entire range of the community was adequately represented during the subsequent
stage of system characterization.

System Survey

A stratified sampling technique was used to select households from all wealth

caegories in each village for a rapid system survey. A final sample comprising 74
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households (out of 890) from Butayaibega (HRZ) and 77 households (out of 724)
from Butulage (LRZ) was interviewed. From each wealth group about 10% of the
households were ranthly selected within a group for further detailed enquiry and
monitoring. A standardized questionnaire was used to obtain qualitative and
guantitative information from these households related to land holding, labour
relations and availability, type andmber of livestock owned, the farm inputs used,
production activities and orientation (i.e. whether commercial or subsistence), farm
income, general overview of food security and farm assets. Table 1 lists the variables
identified by farmers from the focugroups during wealth ranking exercise and
variables identified by the researchers, i.e. .related to-secomomic and the use of

common property resources.

During the rapid survey, interviews were held with household heads (male or
female). In instancewhere the male headed household was absent, the spouse was
interviewed. The respondents consulted other members of the households when they

were uncertain how to answer questions.

The household (in this case defined as a domestic unit that consisasnif f
members who live together along with meatives such as servants, occupying
spaces and possessions), was used as basic unit of analysis. Table 1 presents a list of
variables that quantify the resource groups. However, household assets not related
directly to agricultural production (i.e. house quality, ownership of bicycle,

motorcycle, television and radio) were excluded from the analysis at this stage.
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Data Analysis

Data were subjected for analysis using multivariate analysis techniques usi8g SPS

for descriptive statistics and Principal Components Analysis (PCA) using CANOCO

for Windows version 4.5 (Braak, 1995; Braak and Smilauer, 2002). The first PCA
was based on researcherso6 variables and
original values bpredictor variables were transformed Yaslog (original variable

values) and also were standardized before the analysis so as to eliminate the effect of
differences of scales of measurements. Results were represented graphically as a

distance biplot (Brak, 1995).
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Table 1: Variables derived by key informants and the variables identified

by researchers for farm grouping in Bukoba District, northwest Tanzania

variable Farmer-variables Researchers' variable
HRZ LRZ HRZ LRZ
Livestock ownership
Indiginous cattlel¢attle) a a
Improved dairy cattle@airy ) a a
Goats GTS) a a
Chicken CKN) a a
Pigs a a
Household assets
House quality ISE) a a
Owning a motorcycleMotcy) a a
Owning a bicycleBicyl) a a
Owning a televisionTV) a
Owning a radio RAD) a a
Land holding
Kibanja area (ha)Kib) a a
Kikamba area (ha)Kik) a a
Rweyaarea owned (hajRvey) a a
Trees planted (ha) (ee) a a
Socioeconomic attributes
Labour hiring Lhire) a a
Labour selling I(sel) a a
Labour exchanged_éxh) a a
Family farm labourKHL ) a a
Farm incomeR_inc) a a
Off-farm income Off_inc) a a
Use ofRweyaresources
Bedding grassHedding) a a

an

Mulch (tons/ha yed) (mulch) a

Fodder cuttingKodder) a a
Access to grazing landazing) a a
Dependence oamusiri (msirwe) a a
Carpet grass (tons/yeapafpet) a a
Manure collection (kg/monthMNR) a a
Total 15 14 12 12

PD = Person-day, equivalent to labour provided by one adult person with age between 1
years working for 8 hours a day. The equivalence for different age groups in years is calc
as:060 (0.8); 14 - 17 (0.8); 5 - 13 (0.5), 1 - 4 (0.25).
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Detailed household characterization

Basedon pattern of the variables on PCA ordination biplot, and the relative location

of households, 19 households were identified for detailed characterization as case
studies. These households were selected to represent the observed variation indicated
by the PCAs analysis for each farm as a system (Heretral, 2007). The data
collected in the detailed study included: farm location; household income and
expenditure and market information; household economic information; crop and
livestock management; larfitblding and farm size; land management (including all
farm inputs and outputs); biophysical information, labour relations, and food
calendar. Triangulation approaches were used by visiting the households repeatedly
to validate the information obtained framh e r api d system char ac!

activities were monitored over a period of one year.

Annual income from the farm was calculated from total sales of crop and livestock
products. The costs of production incurred in the production process \gere a
estimated. Offarm income comprised all neilarm related income including
remittances, waged labour, trading, fishing, hand craft and tailoring. Income from
local brewing was considered farm income if over 50% of the used bananas for
brewing were co#icted from the farm; otherwise if more than 50% were purchased
for brewing it was considered an d&rm activity. Family labour allocated to farm
activities were calculated in persdays (PD) from the number of family members
working full time or part tne and corrected for age and sex (Hegdral.,2005). A

full time personday was defined as adult person ofSByears age working 8 hours

a day. Total labour input in the farm was calculated for one year. Qualitative
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variables were assigned rank nuntberf or t he anal ysi s. For
four different kinds of houses (mud with grass roof, brick walls with grass roofs,
burnt bricks with iron roofs, burnt and cemented bricks with iron roofs) were ranked

from 1 to 4.

All farm inputs and outpst were monitored throughout the data collection period.
Based on the data on organic inputs into the farm and the harvested products (outputs
in DM) and on the mineral mass fractions of nutrients in these inputs and outputs
from previous studies (Hereret al., 2005; Kop, 1995), nutrient balances were
calculated. The calculations were limited to N, P, and K foKibanjahome garden

and Kikamba plots by subtracting total outputs in the form of harvested products
such as bananas, coffee, beans, root abertorops and fruits used for household
consumption and sales. Nutrients inputs and outputs by natural processes siich as N
fixation, losses due to erosion, and leaching were not considered in these calculations
due to lack of data. In this farming systemowever, farmers do not apply mineral
fertilizers in their farms. Animal (farm yard / kraal) manure and grasses in the form
of mulch are the main inputs in the€ibanja with primary objectives of soil

fertilization, moisture conservation and weed suppoessi

The data on household food security included all family monthly consumption of
food from own farm and purchases from the market. These were all used to compute
family food intake in terms of energy and protein. Requirements of nutrient supply
were céulated on the basis of World Health Organization standards for energy and

protein requirement with minimum thresholds set for-Sabaran Africa; based on
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family size and consumption (Herreeb al.,2007). Data handling and analysis was
performed usingan Integrated Modeling Platform for Anim@rop sysTems

(IMPACT) tool (Herercet al.,2005).

3.4  Quantifying the contribution of grasslands to productivity of smallholder

farms (Objective 3 and 4)
Assessment of local knowledge on Rweya use and managemen
Local knowledge on the availability and usesRyeyagrasses was assessed using
participatory rural appraisal tools with a group of 18 and 21 elderly male farmers
(with age of above 55 years) in Butahyaibega and Butulage villages, respectively.
Farmersthat were involved to provide information under this objective were
identified by the community herdsman by involving farmers whom he thought were
experienced in making decisions in the selection of cattle grazing areas as criteria for
appropriateness fofarmers to participate in the study. Seven and ten of the
participating farmers in respective villages were cattle keepers. A questionnaire was
used to gather the information on land and livestock ownership, manure production
and grasses collected frometRweyafor different uses. fansect walking were
conducted in the surroundifweyawith participating group of farmers to ascertain
which grass species are used and for what purus&ng the assessment, farmers
were asked to list all grass specieslexied from theRweya,their uses, and

availability at different times of the year and described hovRiieyais managed.
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RweyaProductivity measurements

An experiment was established to measure productivity of Raeyain a
representative area of tli®weyaconsidered by local experts as representative for
grasslands that had not been cultivated for over 10 yé&agseriments were
conducted at two villages namely Nkengg {1.2438; E 31.6105; 1137m.salhd

Maruku (S 01.41668; E 31.78084,; 1342m.s.I}tbat the slope of approximately 2%.

The mean monthly temperatures for 30 years recof@ Ifinimum) and 2&C
(maximum) for Maruku station. Rainfall at the experimental sites follows a bimodal
pattern with the annual mean (for 40 years) of 2100 mm and 40 for Maruku

and Nkenge respectively having peaks in April and November. Composite soil
samples were collected at depths é#@cm, and 505 cm for analysis of physical

and chemical parameters. The samples were air dried, ground to pass a 2 mm sieve,
and analyzed for texture, pH, organic carbon, exchangeable bases and base saturation

following standard procedures (Pageal., 1982).

Plate 3: An experimental area at Nkenge village fenced soon after burning

in the Rweyawhere measurements was done
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Plate 4: Identification of grass species personally at experimental area at

Maruku in the Rweyawhere sampling was done

To determine the available biomass of different grasses over a 12 month pexiod, t
identified experimental sites were burned during the dry season to mimic local
management of thRweya The burned areas at both locations were subdivided in
three blocks, each having 30 m x 10 m, and were fenced to keep away from
disturbances from gramy and harvesting. The first measurement was done one
month after burning and subsequently sampling was done at monthly intervals so as
to last for one year cycle. A metallic quadrat (1 m x 1 m) was randomly located for
sampling. Before cutting, all abaye®und biomass material within each quadrat was
carefully identified by species according to Clayton (1970) and (Clagtoal.,

1974). Common names for collected species were identified based on- Vesey

Fitzgerald (1973). At each sampling time, five quaglreere taken from each plot.
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For each successive sampling, the cuts were taken not closer than one meter from the
sampling point of the previous month. Harvested plots were marked by date of
harvest so that biomass ofgeowth could be estimated two mosthater. This re

growth is normally grazed and can be considered as biomass available for livestock,
whereas the biomass developing over time after burning is harvested for other uses.
The sorted samples were oven dried &C7fr at least 72 hours to cstant weight.
Average biomass available (kg DMaeach month was calculated by summing the
biomass of all species per quadrat, and subsequently averaged over all quadrats per
block and over the three blocks (Singhal., 1975). Final biomass productiomas

the total production (live and dead) at the last sampling month.

Analysis of Nutritive Value of Rweya Grasses

A composite sample of fifteen dry samples of every grass species was made from
three consecutive months (Julseptember; Octobér Decembe Jani March; and

April - June); comprising mixtures of green herbage and standing hay. These samples
were analyzed in the department of Animal science and Production at Sokoine
University of Agriculture (SUA) for quality parameters after were grindguhs a 1

mm sieve using &hristy Hunt Engineering Ltd Type 8 mill (England). The samples
were analyzed forcrude protein (CP) and ash using standard procedures (AOAC,
1990). Crude fibre (CF) and acid detergent fibre (ADF) were analysed using
ANKOM technobgy (ANKOM?® Fiber Analyzer, ANKOM Technology
Corporation, Fairport, NY).In vitro dry matter digestibility (IVDMD) was
determined using rumen liquor collected from fistulated dry cows before morning

feeding according to the procedure of Tilley and Tgt963). The liquor was
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filtered through four layers of surgical gauze into conical flasks submerged in a
stationary water baths for incubation at°@7(Grant Instruments (Cambridge),

England).

Data analysis

Descriptive statistics were used to analyserf@mation gathered from surveys and
discussions with farmers. Experimental data were subjected to analysis of variance
(ANOVA) using GenStat Release 10.2 (2007). The effect of sampling periods
(seasons) on different species and dry matter, and nualitijprality parameters was
determined byegression model for grass yield parameters:

y=ho+bx+Ué ééééééecccccceccééééééééééeée. (1)

Where: b, + bix was mean value of the dependent variaple Yield) when the
value of the independent variablexigsampling time) andlis the error term that
describes the effects on yield of all factotber than the value of the independent

variable i.e. time.

Biomass production from monthly increase for each species during the growing
period was estimated according to the procedure described by Milner and Hughes
(1968) using the following relationghi

DM(g/m2)=é_f(Bn-Bn.l)éééééééééééééééééé. . (2)
Where B, = biomass for isampling month at (time)t

Bn.1 = biomass of a previous sampling month (timg t
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3.5  Exploring options for system sustainability (Objective 5)

The boundary of th modeled system represent a typicalugebdf a smallholder farm

in the banaridbased farming system in Bukoba District where farmers operates
within three interrelated sefystems or land use types (iKdbanja, Kikamba,and
Rweya. The model is illustri@d in Figure 6 demonstrating the scenery of resource

flows between sulsystem components.
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: I
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: Y S : I
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Figure 6: Conceptual model representing resource flows (N and K) between

the subsystem components of the smallholder farmrein Bukoba District
demonstrating the boundary of the system involved in the model, and main

crops grown in each suksystem.Key: Sp= sweet potato; mz=maize; fa= fallow
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Production activities and inptgutput combinations

The Kibanja activities

The Kibanja subsystem is dominated by perennial crops mainly East African

highland bananas, grown as staple food crop in mixture with coffee as major cash
crop. Two perennial crops (banana and coffee) were considered to defiibahg

activities in the mdel. Based on literature we know, the current yield level of
bananas ranges from 600L000 kg DM hayr! (Mwijage et al, 2009), depending

on farmersd management . However, gi ven d
in the soil, the estimated bangpatential yield was calculated and set between 1000

i 8000 kg DM h# for the second growth cycle at dry matter content of 25% of field
weight (Nyombiet al, 2009). Yields of clean dry coffee were estimated ati300

2000 kg hd year' depending on soif erti |l ity and far mersbo
considered nitrogen (N) and potassium (K) as variables because these are the most
limiting nutrients in theKibanja. Although these nutrients work in synergy with
Phosphorus (P), the latter is generally not a consteaint is available in adequate

amount in Bukoba soils (Janssen, 1993; Deugd 1994)

Nitrogen and Potassium requirements as inputs for alternative production levels of
banana and coffee were calculated based on target yield oriented approach in view of
concentrations of nutrients in the products (lttersum and Rabinge, 1997), and farm
surveys for actual yields. The indigenous soil supply of nutrients i.e. the potential
soil supply for nitrogen (SN), and potassium (SK) in kg has estimated based on
chemcal properties oKibanjasoils (Table 2), and using the Quantitative Evaluation

of Fertility of Tropical Soils (QUEFTS) model (Janssral, 1990; Tittonell, 2008).
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Table 2: Average chemical and physical characteristics of topoil (0-30cm)

from Kibanja, Kikamba and Rweyasoils in the HRZ of Bukoba District

o land use type
Characteristics
Kibanja (n=24) Kikamba (n=24) Rweya (n=18)

7
© Sand (%) 67 59 70
e
3 Silt (%) 7 14 8
x
()
F Clay (%) 19 20 23
b%) pH (H,0) 5.7 5.5 5.2
5 OC (g kg 26 22 26
Q
g Total N (g kg') 2.2 1.7 1.3
<
© P-Total (g kg) 2.3 2 1
[
Lg’ P-Bray (g kd) 12.3 2.1 1.3
% Exch. Ca (cmol KQ) 4.9 1.3 0.9

Exch. K (cmol kg) 0.4 0.2 0.1

(Source: Touber and Kanani, 1994)

Estimation of the indigenous available levels for N and K were therefore calculated
based on the relationships:

SN=fN * 50 * 8OBlééééccéecéeecéee.eééee.. (3)
SK =1018.6 *Ksaurationt 13 . 8 €éé. . e&&eéee..eééée. . (4)
wheref = correction factor related to pH £0);

Ksaturation=0.0768i0 . 0018 * SOC. ééeé&e&éecéeeé&eée (5)
Soil organic carbon (SOC) and soil organicagen (SON) are expressed in g'kg
whereas exchangeable K is expressed in cmdl Kge correction factor for N was
calculated from the relationship:

,,,,,,,,,,,,,,

fN=025(pH3) ¢ééééeceeceeeéeéécecceeeéeée. . . eee.. (6)
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Nutrient recovery fraction for organic materigise. mulch and manure) in the
Kibanja was assumed at 75%. Mulch and manure inkio@anja has advantage of
adding soil nutrients, moisture conservation, weed suppression, and improvement of
chemical and physical properties of soils. The relationship leetwlee amount of

applied material inputs at the target yield, {,.,), the nutrient uptake at target yield

(NU,, ), indigenous soil nutrient supply N, ), and Nutrient Recovery

ndigenou

Fraction (NRF ) was expressed in the relationships:

NU, yger = deigenou;(NRF* Fopicd/€ €€ €€ 6€6cééeéeeé. . (7)
NU - N,
Fapp"ed=( ragel '”d'ge”"“’lééééééééééééééééééé. . € (8)
NRF
where NU, ... = total plant nutrients uptake by the crop at harvest of target yield (kg

ha', based on bunch weight for banana and clean hulled coffég),....= the
indigenous supply of nutrients (kg'Ha NRF = nutrient recovery fraction of applied
soil amendment materials artl= amount ofertilization materials applied (kg Ha

The indigenous nutrient supply, calculated according to equatiorgs Brovided 74

kg N ha', and 35g K ha'. The uptakes of nitrogen by the plant were assumed to be
5% of the organic nitrogen in the soil (@m, et al., 1985), and for Potassium, the
uptake was assumed at 10% of the soil supply (Schenk and Barber, 1980). Yield of
bananas were calculated based on planting density of 1100 rit4ts fare stand,

while in mixture with coffee was estimated at 27€es of coffee and 570 mats of
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bananas h& (Simmonds, 1966; Rald and Rald, 1975). Nutrients supplied by the
added materials as inputs and those taken up by crops through harvestable products
of bananas and coffee (outputs) were calculated based onfraesssns in the
products (Table 3). Kibanjawas assumed to contain 60% bananas and 40% coffee
with two thirds of the banana planted close to homestead, while one third of banana
are planted in a mixture with coffee farthest from the homestead. Havingrtp
architecture, two land use activity was defined for Khilganja namely: banana in

pure stand, and the mixture of banana and coffee, each at three technology levels

defined by input levels (i.e. low, medium, and high).

Table 3: Nutrient concentration in organic inputs and outputs in the

Kibanja (g kg™ DM)

N K Source
Inputs materials
Mulch (nativeRweyagrass) 5 8 Research data, 2011
Mulch (forage legumes) 32 7 Baijukya, 2004
Manure (free grazing) 15 12 Kop, 1995
Manure (zero grazing) 20 17 Kop, 1995
Maize Stover 6 7 Palmet al, 1997
Outputs
Banana harvests 66 265 Nyombiet al, 2009
Coffee harvests 170 33 Winstonet al, 1992

Fertilizer inputs
Inorganic fertilizers are potential input for tH€banja to supply the required
nutrients for production of banana and coffee. However, parts of nutrients are lost

through natural processes such as leaching, erosion, volatilization, and
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denitrification. Nutrient losses from fertilizers in this farming systemubnothese

processes were estimated at 43% for N, and 7% for K (Eijk, 1995).

Cropping seasons

The cropping calendar in Bukoba District is based on two broad periods referred to
as long rain and short rain, respectively, each being divided into two mesrese

as illustrated in figure 7, for which the model was based. Main farm operations
during the cropping seasons includervesting for maize, sweet potatoes, coffee,
and banana; land preparation for sweet potatoes, maize; manure application;
mulching tle Kibanja, detrashing and desuckering bananas as well as planting maize

and sweet potatoes.

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Oct Nov Dec

NN, e A A A A

: . DS‘1 : B P F RIS = [ R R R R . . . . . DS2 . . . . . B R - Y PR
-—Kanda»ie———Toigo >« Kyanda- >« Muhanguko@——
N 2N /

g N
Long Rain (LR) Short Rain (SR)

Figure 7: The four seasons Kanda, toigo, kyandaand muhangukg in the

bananabased farming system in Bukoba District indicating thetwo main
periods (long rain and short rain) on which the farm model was defined i.e. long

and short rain periods.Key: DS: Dry spell; RS: Rain season
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Description of Kikambaactivities (annual crops)

The Kikamba refers to reserved land for cultivation of annual crops in various
rotations. Two food crops: Sweet potatogminea batatgsand maize {ea mayy

six herbaceous legumeBephrosia candidaLtc), Clotaralia grahamiana(Lcg),
Mucuna pruriengLm), Macrotyloma axillare(Lma), Macroptilium atropurpureum
(Lmat), andDesmodium intortum(Ld) were involved in defining th&ikamba
activities. The weeds in ¢hrotations were considered as a crop because could be
used as input to thikikambaduring land preparation for sweet potatoes cultivation.
The outputs from th&ikambainclude harvests of food crops (maize grain and sweet
potato tubers). Sweet potato véném, Lma, Lmat, Ld and maize stover can be used
as fodderLm can also be used as mulch in tianja and incorporated in the
Kikambaplus Ltc, Lcg, Lm and weeds can be incorporated intokKikembasoils
during sweet potato cultivation, while maize&ocan be mulched in thébanja.

Different options for use dfikambaresidues are summarized in the Table 4 below:

Table 4: Summary of different uses of Kikamba outputs in relation to

fertility management considered in the modk (herbaceous legumes and crop

residues)

Use of outputs Ltc Lcg Lm Lma Lmat Ld weeds Mstover sp
Incorporation into a

Kikamba a a a

Mulched in theKibanja & a a a

Used as fodder t a a

an
an
an
an

livestock
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Conditions on whichKikambarotations were fixed:

No maize grown during the long rain season;

No Tephrosia candidgLtc) or C. grahamiana(Lcg) during short rain season and
can only be used as a green manure;

No fettilized maize in combination with legume(s);

No sweet potatoes in combination with legume(s);

Only one legume type in a rotation;

Only same legume in legurmeaizelegume combination;

Sweet potato is only grown during the long rain season.

Description of Rweyaactivities

The Rweyaprovides mulch for th&ibanja, and livestock feeds through either direct
grazing or cut and carry system. In this study, grass was regarded as crop because of
the functions mentioned above, i.e. often harvested for mulchimgpges for the
Kibanjaor grazed directly by cattle or collected as fodder for feeding the livestock in

the stable.

Description of livestock activities

Livestock is an important component in Bukoba farming system and is linked to crop
activities. Animas kept by farmers in this system include cattle, goats, pigs, and
chicken. However, cattle and goats were the animals considered in the model
because are the most land binding animals in the system. These were converted to
Tropical Livestock Unit (TLU) usig a standard unit usually based on live weight of

one mature zebu breed cattle with 250 kg, although there are variations in their
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computation (Pratt and Gwynne, 1977; Field and Simpkin, 1985). The conversion
factors used were: zebu cattle (1 TLU), anditg®.17 TLU) (Frantkin and Roth,
1990;Otte and Chilonda, 200kresh and Verwimp, 2006). In case of non grazing
dairy cattle, a 1.6 TLU was considered which are generally managed under zero

grazing system.

Two feeding systems for livestock were defimainely free grazing system and stall

feeding system. Main outputs from livestock are manure, meat, and milk. Manure is
applied in the crop fields to replenish soil nutrients. Meat and milk are consumed
within the household and some sold to the marketain encome (Figure 4).
However, since manure production i's the
livestock in the farming system, therefore, manure was regarded as output in
livestock activity. Milk production is also an important output in dairy calie are

managed under zero grazing system, but were not considered in this model.

Feed requirements and supply to animals, therefore, can be met from among four
sources: 1) nativ®Rweyagrass, 2) crop residues including herbaceous legumes, 3)
Kikambaweals, and 4) concentratésmaize bran and seed cakes. The type and
quality of feeds determines the amount and quality of manure. Therefore, constraints
were given in the model for maximum amount of feed in the farm available in terms
of dry matter productio for livestock feeding. Table 5 shows different feed sources,
their digestibility and Ncontent which were all used in the computation of manure
production. Forage requirements by cattle represented by mature zebu (1TLU) which

graze in thdRweya was estnated to consume 6.25 kg DM and 0.150kgligestible
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protein daily, equivalent to annual requirements of 2BGODM and 57 kgof
digestible protein (Le Houerou and Hoste, 1977; Stéphenne and Lambin, 2001). It is
estimated that a maximum of 30 per cengiasses on offer in tHRweyaare grazed
during the yearound (de Ridder and Breman, 1993). The rest are harvested as
fodder (10%) meant for cut and carry system for dairy cattle, and the remaining

(60%) is used as muich in tkébanja.

In feeding dairycattle, the DM intake depends on body weight, milk yield, stage of
lactation and pregnancy of the cow. In this study, we estimated DM intake at 3% for
an animal with 400 kg body weight (1.6 TLU) producing 10 kg of milk per day,
would need 9.2 kgDM dayand 0.22 kgof digestible protein daily equivalent to

3358 kg DM yi* and 80 kg yt* of protein (Chamberlain and Wilkinson, 2002).

Table 5: Feed materials and their respective digestibility and MNontent
values
. Digestibility N content

Fodder material (% of DM) (g k") References
Native Rweyagrass 34 16 Research data, 2011
Maize bran 70 53 Mlay, et al, (2006)
Sunflower seedcakes 61 27 Milay, et al, (2006)
Kikambaweeds 34 12 Mwita (2003)

. Kabatange and Shay
Maize stover 49 6 (1997)
Sweet potato residues 63 14 Mwita (2003)
Residues oM. pruriens 62 35 Palmet al, (1997)
Residues oM. axillare 64 32 Mwita (2003)
Residues oM. atropurpureum 68 32 Mwita (2003)

Residues ob. intortum 56 32 Mwita (2003)
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Manure output wa®stimated using the relationship described by Lascarno et al.,
1992 (cited by Baijukya, 2004) as:

aDM. O, . . 2 4 s s oxos s
Dgg—=*ge éeééé.eééeééé (9)

Manure produced (kg) ®M, cqiea-
c 100 X

where:DMingested= dry matter of feed materials (kg) ingested and @igestibility of

feed materials (%). Activities considered in the model are summarized in Table 6

Table 6: Definition criteria and distinguishing variants per criterion of

land use and livestock activities for MGLP model

Activities Definition criterion Maximum number of variants

Kibanja Crops grown 2 (banana, coffee) present in the field

whole year round

Fertilization techniquey 4 (grass mulch, manuwmongrazing,

manure grazing, legume mulch )

Rweya Grass uses 3 (free grazing, fodder cutting, mulch)
Kikamba | Crops for rotation 8 (sp, maize, Ltc, Lcg, Lm, Lma, Lmg
Ld)

Uses of crop residues| 3 (fed to livestock, applied iKibanja as
mulch, incorporated in the soil)
Rotation seasons 4 (SR1, LR1, SR2, LR2).

Livestock | Type of management | 2 (free grazing, stall feeding)

Animal products 1 (manure)

Forage types 7 (native grassmaize stover, Sp residue
Lm, Lma, Lmat, Ld)
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Data analysis
All data collected from the field and those mined from archives wdsjeded to the
General Algebraic Modeling System (GAMS) for optimization of the research

objectives.

Objectives functions

Based on main research problem referred to in this study that is associated with land
use in the farming system i.e. decline sysfggoductivity; the objective functions for

this study were linked to ecological imbalance and maintenance of sustainable
productivity of theKibanja subsystem, thus: to maximiz&banja productivity in
relation toRweyaand Kikambaactivities; and to optinzie the nutrient balances for
Nitrogen (N) and Potassium (K). The mathematical optimization was done using

General Algebraic Modeling system (GAMS) model.

Indices:

Different land use activitiesLUA) were considered as decision variables in the
model. Thes activities were defined as crop or livestock production on a given area
of land according to farm type characterized by inputs and outputs for each activity,
given one hectare ®weyaland. The indices included crop cod®, Kibanja (KB),

land type LT), in different seasonssif), rotation codesR), labour type lp), and

main working periodswp); area of respective land used in Ra [nputs and outputs

of all activities were quantified using data collected from field survey and
calculations based otarget oriented approach (Ittersum and Rabinge, 1997). All

calculations were based on major farming seasons, i.e. long rain (LR) and short rain
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(SR) seasons, thus a time frame of four seasons (two years) were considered (Figure

5).

Constraints and freeariables

The Land

Land areas for th&ibanja, Kikamba Rweyaere considered as constraint in all
farm types. The&ibanja area occupied by crops (bananas and coffee) must be equal
or less to the availabl€ibanja area. In this case the available areas Ve8¢ 0.6,

and 0.4 ha being mean values for FT1, FT2, and FT3, respectively. Moreover, a
certain area from thKikambaor Rweyamust be allocated in every LR season per
household that is sufficient to produce at least 50 kgDM of sweet potatoes for food
secuity reasons, thus constraining the available land for production of mulch,
cultivation of other crops, and keeping cattle. Free variables in the model were
nutrient balances, manure production, and mulch production. These are considered as
output from theKikambaor Rweyabecause manure is produced for #ibanja.

Area ofKibanjafor crop activities in every season was fixed for every farm type.

A VKBXs |uaks casn: = a (VKB)%B_LUA,KB_C,a,sn) ééeéeececéé.eéée(10)
a

a

wherea=nutrient source (mulch, manure, herbaceous legumes, oregiojpes)

Area ofKibanjaland used in a season:

,,,,,,,,,,,,,,,,,

a VKBX; Luaks basn ¢ TFs eceéeceéeeééeeéeeée(1l1)
KB_LUAa
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However, bearing in mind that crops irKébanja are architecturally arranged such
that two third ofKibanjais under banana monocropping while one third mixture

of banana and coffee, thisbanja activities is expressed as:

= I v ~., 0 2z z£ £ £z

a (VKBX(B_LUA,KB_C,a,sn)e eeee. (12)

a vKBx , ., *VKBX, . ., = KB_ratio*
a o h KB_LUAC,a
whereb=bananalB=banana2] F=total farm size¢c=crop codea=nutrient source
Area ofKikambais reservedluring long rain season which is suiint to produce at

least 50 kg DM of sweet potato (ha):

VKK, = VKK, 6 6 éééééééééééeeéeééeé.6eéeééeée. (13)

VRW, = aVRWXLU_AVRW_anééééééééééé.ééééééé. (14)
TLU_ARW_c

Total area (ha) dkikamba and Rweyased in a season (farsize) is expressed as:

(VKK,,+VRW) ¢TFR, ,; TF= total ®taedméeiée. (15ha)
Whereas th&ibanja area in the mixture of banana and coffee for every season was
expressed as:

VKBX: 1unasn =VKBG 1inasn€ €€ €€ céecéééceceeecee. . (16)

Yield

Sweet ptato yield in theKikambaper season:

,,,,,,,

R,snsp

a (KK _yield
R

Where:sn= seasonsR=Rotation code;Sp= sweet potatoy=variable
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Kikambaoutput:

VKK _yield,_, =VKK_yield, *VKKx, 6 6 6 6 6 6 6 66666666, . (18)

Total yield intheKibanjais provided in the equation

VKB_yield _a; casn= @ (VKB_Yieldyg yacasn®* VKBXs uacasn € € € (11 9)

KB_LUA

Kibanjayield per crop activities is expressed as:

VKB_yield,; . =8 (VKB_yield _a ¢ en* VKBXg (ypcas) €€ €€ €€ . (120)

a,sn

Rweyayield for crop activities (grass) is provided by:

VRW_yieIde_c = a (VRW_yieIdTLU_A,RW_C,Sn*VRW_XTLU_A,RW_C,sn) ee. -(21)

TLU_A
Nitrogen balances
Nitrogen balances for each rotation in ikambaare expressed as

VKK _No=KK N *KKx, 6 666 6666666666666666..(22)

111111111111111111

R

Nitrogen requirement in thi€ibanja

VKB_N, = @ KB_nutrients_IN,; | aanen® VKBXs Luake casn € - €. -...(24)

KB_LUAC,a

Nitrogen production froniKikambaresidues
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vKK_ N

snop R,snop

=4 KK_Res_N *VKKxy, e e éeéeé éeéeéeéeée. . (25)
R
Nitrogen production fronRweyaresources

VRW_N, = g RW_nutrients, , aew cnsn™ VRWX G arw can€ €€ €. . (126)

TLU_ARW_C

f) Nitrogen balance in thKibanja per season:

vTLU_N_manurg, +VRW_N_mulch,+§ vKK_N_mulch,, 2 vKB_N_need,é & ( 2 7 )

op
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1  Tenure systems and soil fertility management

Land acquisition and cropping system

The acquisition of land in Bukoba takes several forms. Although inheritance through
paternal lineage was already the doamihmeans of acquisition to land before and in
1960s, there were also other forms of land possession such as purchase, gifts from
the chief or relatives, and renting. However, this study found that 74% and 39% of
the interviewed households in the high falhzone (n=74) had acquiredibanja

and Rweyalands, respectively, through inheritance (Table 7). Other means of land
acquisition including allocation by village government, leasing, renting, has now
diminishing but purchase dfibanja land is still impatant, as it was before and in

the 1960s. A significant change is observedRareyaland that gained significant
market value in recent years such that about 24% and 30% of the respondents in the

HRZ and LRZ, respectively had purchasedRweeyaduring ths study (Table 7).



61

Table7: Changes in means of land acquisition oKibanja and Rweyaby
households among the respondents (%) in two villages of Bukoba District, in

1965 and 2005

Butahyaibega (HR) Butulage (LRZ)
Means of land Kibanja Rweya Rweya
acquisition

1965(n=53) 2005(n=74) 2005(n=74) 2005 (n=77)
Inheritance 30 74 39 16
Purchase 13 12 24 30
Gift from relative 13 0 0 0
Tenant from landholde 13 0 0 0
Tenant by inheritance 13 0 0 0
Contracttenant 8 0 0 0
Gift from the chief 6 0 0 0
Gift from landholder 2 0 0 0
Inherited /purchased 2 14 3 0
Allocation by village 0 0 4 6
Renting 0 0 11 10
Do not have 0 0 19 38

Source: °Reining, 1967; °Mwijageet al, 2011

About 69% of thefarmers in Bukoba do not owRweyaland privately, and 79% of

the interviewed farmers who own tReveyaprivately had plantated trees (Table 8).
The distribution ofKibanja size differs considerably among households in the high
rainfall zone and the lowamfall zone areas. While it is only 12% of farmers in the
HRZ haveKibanja exceeding 1.1 ha, it was found that about 40% of farmers in the
LRZ owned Kibanja larger than 1.1 ha. The implication #&fibanja acreage is
reflected in the manure and mulch requients for respective farming families.
However, for theRweyathat is owned privately, it was 4% and 3% for farmers
having above 1 ha in the HRZ and LRZ, respectively (Table 8). This is due to the

relatively high population density in the HRZ.
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Table 8: Land use in Bukoba District and the area owned by farmers (ha) among respondents for different land use types
Land use type Land area (ha) Number of households (%) with respective range of land area owned and trees planthgRweya
HRZ (n=74) LRZ (n=77) Overall (n=151)
Kibanja Nil nil Nil Nil
0.1-0.5 47 33 40
0.51-1.0 41 27 34
1.1- Above 12 40 26
Kikamba Nil 27 40 34
0.1-0.5 55 44 50
0.51-1.0 15 8 11
1.1- Above 3 8 5
Rweya Nil 74 63 69
0.1-0.5 16 30 23
0.51-1.0 5 4 5
1.1- Above 4 3 3
Trees plantation  Nil 77 80 79
0.1-0.5 15 17 16
0.51-1.0 4 0 2
1.1- Above 4 3 3

Roles of grassland on fertility management in relation to tenure system
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Traditionally, the Rweyawas the &nd reserved for grazing and cultivation of
seasonal crops that do not demand high fertility of soils through shifting cultivation
system. At present, the large portionRiveyais mainly occupied by trees. Some
farmers are expanding cultivation of banan#s the Rweyafollowing population
growth and land shortage. THeweyaalso provides offarm employment and
income generating opportunities such as collecting and selling mulch grass and

carpet grass.

Simultaneously, cattle form an integrated parttioé farming system and are
important for concentrating nutrients from tReveyato the Kibanja. In old days,
grazing in grasslands was centrally regulated by appointed person by villagers known
as6 mk o nwdhm as responsible to select grazing sites, rsigee cattle herders,
monitoring and isolation of diseased animals (Lorkeetsal, 1996). Such
centralized control suggests that, despite its poor soil fertilityRineyaland was
valued for its capacity to sustain the productivity of Kikanja through exporting

nutrients in the form of mulch and manure.

Another important use dRweyaof this farming system was shifting cultivation for
what is termed locally a®musiri system. To ensure for long term productivity, in
the past, the land would be |é&llow for 6-8 years to allow the soil to regenerate.
Such shifting cultivation in thRweyawas controlled by the traditional chief through
male or female overseers known @muharambwawho made sure that people
abided to the rules of cultivati@musiri Thus, in order to cultivate one hectare with

annual crops, a farmer would need 8 hectares of grassland and about 75% of
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households was estimated to cultiv&musiriin the 1960s (Rald and Rald, 1975).
During the fallow period, th&weyacould only be usd for cattle grazing and grass
cutting for mulching, thatching, and home carpeting. After Riveeyawas fully
regenerateddmuharambwaeported to the chief who would allow people to use that

piece of land again famusiricultivation.

Historical devebpment of tenure systems and cropping pattern

In the late 1880s, there was an outbreak of rinderpest that killed about 90% of all
cattle in the District. Consequently, the pastoralist way of life became untenable
(Steenhuijsen Piters, 199%aving lost tleir source of wealth, the pastoralists were
forced to reorient towards crop production. Although their experience in farming
may have been limited, their cattbased wealth had yielded them considerable
political power. It was during this time when a néudalistic form of land tenure
known asNyarubanja (large banana plantation$ believed to have emerged in
Bukoba. However, the actual origins of this form of tenure remain conjectural, based
on interpretations from court proceedings and chiefs belgnigirthe ruling clans
(Pokorny, 1973). TheNyarubanjalands were controlled by the chief who could
allocate it to individuals of the ruling elite, leaving the former owners as tenants,

obliged to pay tribute to the new owners.

Although the emergence dfda Nyarubanjasystem meant a discontinuation of co
evolution of tenure and land use and drastically altered property and labour relations
on the affected farms, its significance as a distinct land tenure system should not be

overestimated. FirstNyarubang did not compromise the structural links between
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different land use types of the Bukoba farming system. Nutrient transfers between
different land use types were maintained, albeit now by cattle owning tenants.
Second,Nyarubanjatenure was of little sigficance in comparison to customary
tenure arrangements. By the end of' t@ntury, it was estimated that tKébanja
underNyarubanjatenure occupied about 10% of the totabanja area whilst the

rest remained under customary tenure arrangements (Kalik®w4).

BesidesNyarubanja freehold tenure was introduced in Bukoba as the territory that
currently comprises mainland Tanzania became incorporated into the German empire

in 1885. Characterised by a complete and unrestricted entitlement to théhkand,
freehold system served to facilitate Eur
agriculture. However, such new tenure arrangements had limited impact in Bukoba
because its inhabitants had been given usufruct rights for large parts of land that was
treat edwmnsd®umMURT, 1994). However, freehc
2% of the arable land area in the District (Mutahaba, 1969). Its introduction,
therefore, hardly affected the existindlyarubanja and customary tenure
arrangements, and thesmsure forms remained unaltered during both the German

and the succeeding British colonial administration (Mutahaba, 1969).

While new tenure arrangement was introduced during the colonial period, also new
cash crops notably coffee (during second halflgf century) and tea (in 1950s)
which had impact on land use were introduced. Since coffee was a perennial crop, its
introduction reinforced for the development of continuous cultivation and permanent

settlement of farming households on tibkanja. Howe\er, tea was only grown in
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estates at the beginning occupying about 365ha, which is a relatively small area in
the District. Later in the 1960s smallholder farmers were involved in tea farming
whereby each farmer was allocated about one third of a hedt®eeyafor tea
cultivation occupying a total of 1245ha. The cultivation costs and important inputs
were provided by the state, thus marking the appropriation of comrRuvejaby
outsiders - the stateAs matter of fact, the introduction of such cash srop

contributed to the commoditization of land as Cory and Hartnoll (1945), states:

Aféesale of Il and in Bukoba was practically

and therefore there were no rules wunder

Although the exstence oKikambaland is tied up with th&ibanjaand was there for
long time past, its significance and use increased with time in response to declining
productivity of theKibanja. Therefore, in the context of this discussion, as coping
strategies, farers were compelled to cultivate sweet potato in rotation with maize in
the Kikambaas theKibanja failed to produce adequate bananas, the staple food of
farming families. To substantiate this, an elderly farnserates:
fiDuring the old days when thi€ibanja was still productive, we were not
eating emyaka because people would as much as possible avoid
contemptuous attitude fromeighboursbeing regarded as a hunger stricken

household Elési, 2006, Bukobarmeri personal communication).

To summarize, upo the end of the colonial period new tenure arrangements had
been introduced in Bukoba District, yet their impact on the ground remained limited

because only a small proportion of the land was affected by these new tenure
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systems. However, rather than obas in land tenure systems, there was
incorporation of the area into colonial economy and the introduction of new cash
crops (coffee and tea) that <changed Buko
farmersdé | and use pr acthicltaegss dd Ra, lIhavevarn d R a

end the long established structural link betwi#anjaandRweyaands.

Population pressure induced tenure change

Below, we first show how population growth drove both the fragmentation of
Kibanjalands and expansion &fbanja andKikambalands at the expense Biveya

| and. Both developments reduced rur al h «
from the land, and forcing many into nagricultural income earning activities. The
population increased in the District from 1@80 in 1967 to 290,000 in 2007 (up to

233% in forty years) might also have contributed to a decline in system productivity
because available grass cannot satisfy the ever growing demand. This comes from

the fact that establishment of one acre (0.4 hajeof Kibanja on poorRweyasoils

needs 16 tons of mulch for the first time, followed by 8 tons every year continuously

to maintain the standard productivity (Rald and Rald, 1975).

Figure 8 demonstrate how the area unKédranja and Kikamba expands at the
expense oRweyalands since newibanja get established on tHeweyafollowing
increasing population density while experiencing shrinkage of the areaRwega.

In addition, averag&ibanja size per farming family declined slightly according to
availabk evidence (Table 9). Two reasons, can account for this limited subdivision

of Kibanjato smaller plots: First, the habit of purchasing the land which was already
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common in the 1960s, mitigated further land fragmentation (Table 7). Second, the
inherent lad inheritance system in Bukoba society slowiegvn the subdivision of

land in some families where only one son inherits the portion d{ithemnja, forcing

other siblings (who only get a token share) tomigrate or seek for neagricultural
sources of ncome. SinceRweyaland resources were characterised by communal

control, the productivity of the farming system was sustained.

Table 9: Average Kibanja size per household estimated in different studies

from 1984 through 2005 forselected Wards in Bukoba District*

Ward 1984 1997 2005

Kanyangereko (HRZ) n.a 0.6 (120) 0.5 (74)

Izimbya (LRZ) 1.8 (20) n.a 1.6 (77)

Source *Tibaijuka (1984) °Nkuba (1997) °Mwijage et al.,2009.

* In parenthesis denotes sample size on which th@saorements were based in 1

respective years. n.a: not available in the respective years

The demand for cattle manure has also increased as farming population increased.
Table 10 illustrate the number of farming households and those with cattle inedBukob
between 1958 and 2002. However, the proportion of households owning cattle
declined almost by half during same period. This implies that few households tend to
have more cattle (4 heads in 1958 to 7 heads in 2002) than in the past thus facilitate
social differentiation among cattle owner households in terms of farm productivity.

In fact, households lacking cattle tend to have ntaneusiri plots hence termed as

Omusirtdependent households; while those with enough manure have a tendency to
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rely more onKibanja and are less reliant o®musiri hence termed aKibanja-
specialized households (Maruo, 200%H).the level of nutrient transfer from the
Rweyato the Kibanja is to be sustained, therefore, increasing cattle population is

therefore necessary. Howevtris is constrained by the availability of grazing land.

Table 10: Cattle ownership per households in Bukoba District from 1958 to

2002
Year Number of Number Households Average Source
households of cattle  with cattle (%) household size

1958 62924 50339 20 4 Rald and
Rald (1975)

1967* 101440 78000 14 5.4 Rald and
Rald (1975)

1978* 73253 84176 13 5.5 MALD
(1984)

2002 90502 65849 11 6.8 NBS
(2002)

* Between 1958002 years the District was split into two namely Bukoba and Mu

because of increased population; NBS: National Bureau of Statistics.
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Sociceconomic forces of tenurial dinge

Traditional land tenure systems, as hypothetically outlined in the previously section
were by this time already undergoing modifications. For example, through the
replacement of hereditary chiefs by appointed territorial authorMeseover, he
introduction of perennial crops and technological improvements facilitated for
agriculture development in terms of making more permanent settlement and more
profitable farming. Growing of cash crops (coffee and tea) offered further
possibilities for individuh exploitation. The rising shortage of land and various
investments in improvements imputed a more functional and commercial attitude
towards land, and a monetary value Rweyaincreasedremendously to a tune of
more than 400% between 1985 and 1995; land.80% between 1995 and 2005,
despite its inherent poor qualivy this landuse type (Table 1However, previously

the Rweyawas considered as free good to all farming community menthgra
recent decades, these lands are grabbed by local weatthor aolitically powerful

individuals.

Over the same period, community control over land has tended to decay. In some
villages where little land are available for allocation, often the rights of allocation
that is vested to political leaders on behaltted community are seldom exercised.

The unprecedented increase in population also has tended to build a closer personal
identification with a specific area of land in tReveyaand to promote the spread of
more intensive methods of land use. Thus thedet@endence of traditional society

has been found increasingly incompatible with evolving market economy. At the

same time, power went away from the traditional chieftainship towards elected
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councils and educated elites: rights of control over land wereasingly divorced
from the other powers and responsibilities of chieftainship; and traditional
relationships were further eroded by the acquisition of new skills and development

opportunities.

All these internal changes were related to, and deeplytedfdry socioeconomic
development among the community that acquired different attitudes towards land,
and different views on cultural transformation. Farmers developed ideas that land is a
fully negotiable commodity that all land must be owned by someame,tlzat
individuals rather than communal ownership of land is the cornerstone of a
progressive societylhus, with time the customary land tenure arrangements were
increasingly undermined by soeswonomic and political changes. In some
instances, the custhary tenure systems were condemned as inefficient, and blamed
as potential catalysts to capitalist class formation if allowed to evolve on their own
(Nyerere, 1967). In his article titledThe Basis of African Socialisr(il967),
President Nyerere explictistates:

AThe TANU government must go back to

land holding. That is to say, a member of society will be entitled to a piece of

land on condition that he uses it. Unconditional or freehold ownership of land

(whichleadsa specul ation and parasitism) mu
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Table 11: Esti mated market value inYHffranzani

Kibanja and Rweyain Bukoba District, 19552005

Land use 1955 1965 1975 19878 19978 2006
Kibanja 3 542 10(1.4) 25(0.62) 496(1.05) 1270 (1.47)
Rweya - - - 1.26 (0.03) 62.5(0.13) 200(0.23)

"Values in parenthesis indicate US$ equivalent during the respective year.
Sources: a) Rald and Rald (1975); b) based on discussion with elderly fe

(n=4), Bkkoba, 14 July 2006.
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During socialistinclined government, all lands in Tanzania were declared
government properties vested in the president following the principles of Arusha
declaration of 1967. Durinthis time, theNyarubanjaand the freehold land tenure
system was abolished and thus, somewhat reduced the land use rights of farmers. The
nationalisation of |l and was f oVijjiowed by
1976 whereby people were resettlatb Ujamaavillages where the land would be
worked communally. In Bukoba District and other areas in the country with
perennial crops and permanent settlement, the situation was slightly different.
Villagers were not resettled, but required to createrconal farms in what were
considered t o Bweyaddgresult, traditienal aréangenehtewere

di srupted. As we argued before, the | an
meant that the administration Biveyaland was transferred from triéidnal chiefs

to village development committees following the abolition of chiefdoms. In doing so,
the capacity of ordinary villagers to regulate the use of communal resources was
reduced. Village Development Committees became the administrative organ for
allocating unoccupied land formerly vested in the chiefs but now claimed by the
government. They also provided a link between political and administrative
institutions rather than intervening directly. The role of tMkondo and
Omuharambwadiminished grdually, destabilizing the traditional mechanism that
regulated the use oRweyalands. Consequently, there was lack of regulatory
mechanism of land use that was basis for rapid degradation &wbgasuch as
uncontrolled fallow periods fo®Dmusiri cultivation resulting to low productivity on

those plots.
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During the second phase government after 1985 onwards, there was a comprehensive
village land registration programme with intention to survey and demarcate village
borders. Thus, a single right of occapg was proposed for an entire village
(including theRweyaland). In Bukoba, this land titling policy was most evident in
t he 0 o p-eaheRweymwhe mdividuals were gradually increasingly claiming
those areas especially those with economic aoidigal influence. The claimants
started planting trees, setting institutions, or establishing private ranches (Figure 8).
In doing so, lhe earlier roles oRweyaas a major source of nutrients fidibanja
through provision of grass and manure were griyuaplaced by new uses. Figure
9 illustrates relative land cover of different land use types and their dynamics in
Bukoba District within recent decades. The figure indicates a rapid decline of the
area cover under thRweyaover the last 40 years fronP@l to 19991t must be
emphasized that the absence of an effective regulatory mechanism constrains
smal | hol der f ar me r Rweya as cworaen sinteraiewdd wihile e of
cultivatingOmusirielucidate:
6Thi s season Rweyapve woe altivéedBantbdrae nuts.
However, we were only allowed to plant for this season only as the owner
will plant trees after the crops are removed, and this is the trend year after

year nowadays?©o

During the 1980s, there was publandc di s-¢
policies that triggered the formulation of the new land policy. In 1991, the then
President Mwinyi appointed a commission of inquiry into land matters, mandated to

review laws and policies and to make recommendations to the government for



1

necessaryr e f or ms . Foll owing the | and c¢ommi
Policy (NLP) was formulated in 1995, followed by the Village Land Act of 1999.
The policy recognizes a dual system of tenure i.e. the customary and statutory rights
of occupancy and supperthousehold farming through decentralized land
administration at village level. Under NLP, individual title deeds are supposed to be
issued by the village government for a piece of land they occupy after a formal
application to the village council, whereupthe applicant is required to pay a fee.
According to NLP, the title deed granted under this procedure is given equal status to
that granted by the commissioner of lands responsible for issuing land titles in central
government. The aim of this provisiavas to provide peasant farmers with tenure
security so that their land could be used as collateral in financial institutions.
However, of all interviewed farmers in this study (n=151), none had such a title for
the land they owned, nor were they awaretbé existence of such provisions,
suggesting that the impact of the new land policy on tenure arrangements was
limited. Apparently, tenure arrangements obanja land are regarded as secure by
the farmers, which contrast plainly with the tenure arrangéngertaining to the

Rweydand.

In most villages, land grabbing is common and individuals involved are rewarded
with strong, nodformal, individualized land rights, particularly in tiRaveya Field
observations indicate that tree planting is done byéas as economic venture and
also as ways to legalize the ownership of land, thus imposing restrictions for access
by rest of villagers. This contradicts the infamous claim that privatization of common

land could potentially benefit the entire communitygbrogol, 2005). In fact, this

S S
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transformation is subject to unfair implementation by benefiting only few local elites.
Al t hough the NLP recognizes Aicommunal
allocation to individuals must be blessed by the village aslserm practice this
rarely happens. Lacks of awareness of official policy documents and/or deliberate
negligence by local actors are often the cause of this. Not surprisingly then, land
conflicts are on the rise whereby communal access and individuddiaddrights

clash just like elsewhere in Africa (Chimhowu and Woodhouse, 2006).

Then again, the decline of productivity in this farming system might have been
aggravated by prevailing socioeconomic developments and changes that also have
weakened the wictural link between th&ibanja and Rweya.Among the three
predominant tenure systems, thgarubanjasystem was abolished on grounds of its
perceived exploitative features, whereas the customary and freehold tenure became
officially allowed through forral legal rules. The recognition of customary rights did

not, however, mean that local ‘traditional’ institutions could enforce them. The
socialism @jamaa) ideology for example undermined such institutions that had
enforced customary tenure arrangemeStdsequently, ideological shifts in policy
notably nediberalism did not abolish or introduce new forms of tenure, and they
strengthened a tendency to privatize the previously communally accessed lands.
Thus, government policy had an indirect effect ordlase change in the farming
system as illustrated in Figure 8 showing how nutrient transfers fromRwlegato

the Kibanja lands have declined emanating from changes in land use resulting from

population pressure and socioeconomic developments.
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Impact of tenure changes on cropping patterns and farm productivity

One criterion for gauging the social implications of land tenure change is
productivity. At the initial stages of any land reform there is a likelihood of a decline
in productivity due to instabty and apprehension on the part of the farmers, the
former landlords, and the governing class, who have to provide essential supportive

services and guidelines.

As the Rweyaland in the Bukoba farming system became under control of
individuals, tensions rad disputes arising from competition for available land
resources have been growing. Restriction of access to such resources has had
negative impacts on the productivity of home garddfbanja) which heavily
depend on soil organic matter (Batioab al., 2007). Table 12 compares average
productivity for selected crops over time signifying a general decline in productivity
for all selected crops, except t€@amellia sinensijs In this farming system, the
productivity of tea plantations depends on subedlimineral fertilizers through a tea
company which, during the reporting period was distributing farm inputs to farmers
for their plantations. This arrangement did not apply to other food crops, thus
explains why tea productivity is not affected by chanigdsnure systems during the

said period. However, up to the 1980s, farmers in Bukoba obtained cash from sale of
mainly coffee and tea (Smith, 1984). Falls in sale prices of these crops in the world
market during this period led to some farmers to abaritieir coffee and tea
plantations, thus making the land less productive. Besides, the continued decline in
banana production led to crops like maize, cassava, and sweet potato to gain more

importance as food crops and as alternative sources of incomearioers.
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Moreover, increased demand for wood as source of fuel energy and construction
materials also encouraged establishment of more trees oRwiega.The link

between the productivity dfibanja and the tenure system, therefore, ighis case

establs hed through tenure arrangemeRRwewm t hat

resources that are essential for soil fertility replenishment.

Table 12: Estimated productivity for selected crops at two periods (kg ha

yry in the three main land use types in the HRZ, Bukoba District

Kibanja Kikamba Rweya
Period Bambara
Banana Beans Cassave Potatoes nuts Tea
19601980 13188 450" 6682 11702 1500 661°
19902000 2400 125 4843 788¢ 1377 83d

Source: a: Rald and Rald (1975) measurement on average 0Ribaaja
b: Mbwanaet al., (1997); based on surveys and measurements (n=
c: FSR, (1990), based on household surveys (n=120)
d: Mwijageet al, (2009) data based on farmers' estim@ies)
e: NEI, (1994), data based on factory records

f: Wijnalda, (1996); data based on factory records of farmers' sale:

It must be emphasized here that landlessness in Bukoba was rare prior to 1970s (llife,
1979). However, since then, it is gettingmmon in recent years due to increased
population pressure. Simultaneousfykambalands have gained relative importance
among farming households for food crops production because the crops grown in the

Kikambaare annuals that allow short term flexityilin mitigating the complexity of
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tenure problems. Maize for example, is increasingly planted inKtkemba in
rotation with sweet potatoes compared to some decades agoKiKanbabased
maize was almost neexistent. At the moment, landless farmersl ahose with
insufficient land and manure, tend to réfikambafrom neighbours for growing
maize or sweet potatoes, or cultiv@eusiriin the Rweya When rentingKikamba
the tenants are usually not allowed to apply mineral fertilizer, due to wrongly
conceived perception among landowners that mineral fertilizers spoil the land,
reducing its longerm productivity, as per the confirmation by a farmer found
growing poor maize field in the 2006/7 season who recounts as follows:
0 L 0 o k mtaadgamwe(expert) | rented this plot fromMzee Yona with
condition that | can plant maize so long as no mineral fertilizers are applied in
his land; so | should abide to his condition so that | can be allowed to

cultivate h eMr. shemgemat2003persosabomimunitation)

Non-use of mineral fertilizers emerged during the 1970s when farmers were supplied
with fertilizers special for tea plantations, which, apparently, some farmers applied
this fertilizer in the banana fields exceeding the recommended ratesthdted in

soil acidification in those fields. Since then, most farmers felt that inorganic fertilizer

has detrimental effects on their soils. From above empirical evidence and field
observations, the effect of complexity of tenure systems in Bukoleaisasflected

in limited rational supply of inputs for rented land, resulting to poor productivity per

unit of land.
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The productivity of major crops indicated in Table 12 does not account for the
guantity of used inputs for the realized outputs perdnectind therefore may not be

a sufficient indicator for the sustainability of the system. Hence, these data presents a
sign for declining productivity for most important crops grown in the farming
system. Explicitly, nutrient balances, i.e. net lossegains of the most important

soil nutrients on which crop growth depends, may provide a better understanding of
sustainability of the productivity of the land. When the nutrient balances were
calculated foKibanjalands in selected farms, we realized th&tKibanja managed
without adequate farm inputs of organic materials such as manure and mulch, were
negative for important soil nutrients notably N, P, K, Ca, Mg, and S (Table 13),

implying a threat to sustainability of the system.






