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The banana farming system in Bukoba, Tanzania is confronted with 
declining productivity contributed by shortage of external inputs such as 
mulch from grassland (Rweya) the source of organic materials for home 
garden (Kibanja). This was an explorative study, which used Multiple Goal 
Linear Programming (MGLP) model to indentify options for sustainable 
Kibanja productivity. The model allocated 0.021 ha for annual crops 
sufficient to produce at least 50 kg DM of sweet potatoes in all Farm Types 
(FT) as requirement of household food security. In the absence of cattle, the 
Rweya was not allocated for FT1. However, FT2 and FT3 would require 0.24 
and 0.53 ha of Rweya, respectively, during long rainy season, whereas 0.26 
ha and 0.57 ha were allocated during short rainy season for supplying mulch 
to the respective Kibanja. Herbaceous legumes were chosen by the model for 
growing in the Kikamba that would supply adequate nutrients nitrogen (N) 
and potassium (K) in form of green manure for optimum Kibanja 
productivity. Labour at family level for farm activities amounted to 35%, 
25% and 39% for FT1, FT2, and FT3, respectively. It was concluded that 
Kibanja productivity would be sustained if there is sufficient land to supply 
adequate organic materials. 
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INTRODUCTION 
 
The Haya is the dominant tribe residing Bukoba whose 
farmers classify land use into three main categories namely 
Kibanja (bibanja in plural), Kikamba and Rweya. The 
Kibanja is the archetype of the Haya rootedness and 
prosperity where farmers grow bananas inter-planted with 
coffee (Coffea canephora L.), maize (Zea mays L.), Phaseolus 
bean and root and tuber crops. Bukoba farmers’ life is 
anchored in the Kibanja where a person erects a family 
home. A cluster of several Kibanja each surrounding a 
homestead, forms a village community, which is described 
as island of fertility in the sea of infertile grassland by Milne 
(1938). The Kikamba consists of land used for cultivation of 
annual crops mainly maize, cassava (Manihot esculenta), 
sweet potatoes (Ipomea batatas), and yams (Dioscorea sp.) 
and occasionally taro (Colocasia esculenta) (FSR Project, 
1990). The Rweya is savanna grassland dominated by 

Hyparrhenia rufa (Nees) Stapf and Hyparrhenia hirta (L.) 
Stapf); Eragrostis olivacea (K. Schum) and Eragrostis 
mildbraedii (Pilg.); Loudetia kagerensis (K. Schum.) Hutch; 
and Hyperthelia dissoluta (Steud.) W.D. Clayton. The 
grassland is used for communal cattle grazing and as a 
source of grass for mulching in the Kibanja, for thatching of 
houses and for home carpeting. Shifting cultivation of 
Bambara nuts (Vigna subterranea), cassava and yams is also 
practiced on small areas of the Rweya – a practice known as 
Omusiri. The Rweya and Kibanja are interdependent and 
central to the livelihoods and food security of local people. 
The Rweya soils are intrinsically poor, developed on shales 
and sandstones that are well drained, very deep to 
moderately deep sandy clays to clay loams. 
In most other areas of sub-Saharan Africa (SSA) 
smallholder   farmers   in  Bukoba  face  complex constraints  
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regarding decisions in the allocation of scarce land 
resources for optimum crops and livestock productivity 
(Tittonnel, 2008). Often farmers’ decisions are influenced 
by socio-economic factors, which also vary with resource 
endowment of individual households (Tittonnel et al., 
2005). In addition, there is land shortage, degradation and 
ecological imbalance among the dominant land use types 
(Baijukya, 2004). Sustainable land use comprises ecological, 
agro-technical and socio-economic dimensions but these 
can be regarded as constraints because are often given 
different priorities by diverse farm types (Tittonnel, 2008). 
One of key strategy of increasing the resources use 
efficiency and their sustainability at farm level is to 
implement integration approach to the management of soil 
nutrients along with other complimentary measures (Giller 
et al, 2006).  

The existing variability among farming households in 
Bukoba farming system is linked to the use of conventional 
farm inputs. However, research done in Thailand suggests 
that there is a significant scope to improve productivity 
through efficiency use of available resources such as 
organic and inorganic fertilizers, good planting materials, 
machinery, livestock, labour, and land (Cho and Zoebisch, 
2003). For 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 organic 
materials in the form of mulch and manure have been 
widely used in soil fertility management since long  and are 
affordable to majority of smallholder farmers (Baijukya, 
2004). Certainly, organic materials are not enough and are 
unlikely to guarantee sustainable soil productivity 
particularly in the highly depleted soils. Integrated 
approach that helps to design for efficient use of available 
resources is inevitable (Tittonnel et al., 2005; Giller et al., 
2006). To accomplish this and perhaps to reverse the 
deteriorating situation appropriate policies are needed 
because farmers’ dependence on farm inputs based on 
organic resources only to maintain or improve the 
productivity of their farms is not certain. Therefore, this 
study was designed in order to determine future options for 
sustaining productivity of the farming systems in Bukoba. 
Based on the available literature and various observations 
the research questions developed were: (1) what are the 
existing options to improve and sustain the productivity of 
the banana homegarden (Kibanja) in the absence of the 
grasslands (Rweya)? and (2) Can annual cropping systems 
(Kikamba) substitute or supplement the role of Rweya in 
providing adequate mulching materials for the Kibanja? In 
order to respond to these questions a Multiple Goal Linear 
Programming (MGLP) model was used to explore options of 
different land uses.  
 
 
MATERIALS AND METHODS 
 
The boundary of the model system represents a typical set-
up  of  a   smallholder   farm  in  the banana–based farming  

 
 
 
 
system in Bukoba district where farmers operate within 
three interrelated sub-systems or land use types i.e. 
Kibanja, Kikamba, and Rweya (Figure 1). 
 
Production activities and input-output combinations 
 
The Kibanja activities  
 
Two perennial crops (banana and coffee) were considered 
to define the Kibanja activities in the model. The estimated 
banana potential yield was calculated and set between 
1000 – 8000 kg DM ha-1 for the second growth cycle at dry 
matter content of 25% of field weight (Nyombi et al., 2009). 
Yields of clean dry coffee were estimated at 300 – 2000 kg 
ha-1 year-1 depending on soil fertility and farmers’ 
management.  

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 (Ittersum 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 ha-1 was 
estimated based on chemical properties of Kibanja soils 
(Table 1), and using the Quantitative Evaluation of Fertility 
of Tropical Soils (QUEFTS) model (Janssen et al.,1990; 
Tittonell, 2008). 

Nutrient recovery fraction for organic materials (i.e. 
mulch and manure) in the Kibanja was assumed at 75%.  

The indigenous nutrient supply calculated was 74 kg N 
ha-1, and 35 kg K ha-1. The uptakes of nitrogen by the plant 
were assumed to be 5% of the organic nitrogen in the soil 
(Azam 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 mats ha-1 in pure stand while in mixture 
with coffee was estimated at 270 trees of coffee and 570 
mats of bananas per ha (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 on 
mass fractions in the products (Table 2).  

Having the above crop architecture two land use activity 
was defined for the Kibanja 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). 
 
Fertilizer inputs 
 
Nutrient losses from fertilizers in this farming system 
through these processes were estimated at 43% for N, and 
7% for K (Eijk, 1995). 
 
Cropping seasons 
 
Long and short rainy seasons each is divided into two 
minor seasons for which the model was based (Figure 2).  
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Figure 1: Conceptual model of the smallholder farm in Bukoba indicating the 
boundary of the modelled virtual farm. Key: Sp= sweet potato; mz=maize; fa= fallow. 

 
 

Table 1. Chemical and physical characteristics of top soil (0-30cm) from Kibanja, Kikamba, and Rweya land use types in 
the HRZ of Bukoba district (Source: Touberr and Kanani, 1994) 

 

Characteristics 
land use type 

Kibanja (n=24) Kikamba (n=24) Rweya (n=18) 

T
ex

tu
re

 

Sand (%) 67 59 70 
Silt (%) 7 14 8 
Clay (%) 19 20 23 

C
h

em
ic

al
 

ch
ar

ac
te

ri
st

ic
s 

pH (H20) 5.7 5.5 5.2 
OC (g kg-1) 26 22 26 
Total N (g kg-1) 2.2 1.7 1.3 
P-Total (g kg-1) 2.3 2 1 
P-Bray (mg kg-1) 123 21 13 
Exch. Ca (mmol kg-1) 49 13 9 
Exch. K (mmol kg-1)  4 2 1 

 
 
 
Description of Kikamba activities (annual crops)  
 
Here annual crops are cultivated in various rotations. Two 
food crops sweet-potatoes (Ipomea batatas) and maize (Zea 
mays);  herbaceous legumes Tephrosia candida (Ltc), 
Clotaralia grahamiana (Lcg), Mucuna pruriens (Lm), 
Macrotyloma axillare (Lma), Macroptilium atropurpureum 
(Lmat), and Desmodium intortum (Ld) were involved in 
defining the Kikamba activities. The weeds in the rotations 
were considered as a crop because could be used as input 

to the Kikamba during land preparation for sweet potatoes 
cultivation.  
 
Description of Rweya activities  
 
The Rweya provides mulch for the Kibanja, 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 
mulching   purposes  for   the Kibanja  or  grazed directly  by  
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Table 2: Nutrient concentration in organic inputs and outputs in Kibanja (g DM kg-1) 
 

  N K Source 
Inputs materials    
Mulch (native Rweya grass) 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 Palm et al.,  1997 
Outputs    
Banana harvests 66 265 Nyombi 2009 
Coffee harvests 170 33 Winston et al., 1992 
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RS RS

 
 

Key: DS - Dry spell; RS = Rain season. 
 

Figure 2: The four seasons (Kanda, Toigo, Kyanda, and Muhanguko) in the banana-based farming system in 
Bukoba on which the farm model was defined.  

 
 

Table 3. Feed materials and their respective digestibility and N-content values  
 

Fodder material Digestibility (% of DM) N content (g kg-1) References 
Native Rweya grass 34 16 Research data, 2011 
Maize bran 70 53 Mlay et al.,(2006) 
Sunflower seedcakes 61 27 Mlay et al.,(2006) 
Kikamba weeds 34 12 Mwita (2003) 
Maize stover 49 6 Kabatange and Shayo (1997) 
Sweet potato residues 63 14 Mwita (2003) 
Residues of M. pruriens 62 35 Palm et al., (1997) 
Residues of M. axillare 64 32 Mwita (2003) 
Residues of M. atropurpureum 68 32 Mwita (2003) 
Residues of D. intortum 56 32 Mwita (2003) 

 
 
 
cattle or collected as fodder for feeding the livestock in the 
stable.  
 
 Description of livestock activities  
 
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) 
using a standard unit usually based on live weight of one 
mature zebu breed cattle with 250 kg, although there are 
variations in their computation (Pratt and Gwynne, 1977). 
The conversion factors used were zebu cattle (1 TLU) and 
goat (0.17 TLU) (Frantkin and Roth, 1990; Otte and 
Chilonda, 2002; Akresh and Verwimp, 2006). In case of non 
grazing dairy cattle a 1.6 TLU was considered which are 
generally managed under indoor grazing system. 

Two  feeding  systems  for livestock  were defined namely 

free grazing system and stall feeding system and the main 
outputs from livestock are manure, meat, and milk (Figure 
1). 

Constraints were given in the model for maximum 
amount of feed in the farm available in terms of dry matter 
production for livestock feeding (Table 3).  
Forage requirements by cattle represented by mature zebu 
(1TLU) which graze in the Rweya was estimated to be 6.25 
kg DM and 0.15 kg of digestible protein daily, equivalent to 
annual requirements of 2300 kg DM and 57 kg of digestible 
protein (Le Houerou and Hoste, 1977; Stéphenne and 
Lambin, 2001). It is estimated that a maximum of 30% of 
grasses on offer in the Rweya are grazed during the year-
round (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 mulch 
in the Kibanja.  
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Table 4.  Definition criteria and distinguishing variants per criterion of land use and livestock activities for the model 
 

Activities Definition criterion Maximum number of variants 
Kibanja 
 

Crops grown 2 (banana, coffee) present in the field for whole year round 
Fertilization techniques 4 (grass mulch, manure-non-grazing, manure- grazing, legume mulch ) 

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

Uses of crop residues 3 (fed to livestock, applied in Kibanja 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 grass, maize stover, Sp residues, Lm, Lma, Lmat, Ld) 

 
 
 
The DM intake was estimated at 3% and  an animal with 
400 kg body weight (1.6 TLU) producing 10 kg of milk per 
day would need 9.2 kg DM day-1 and 0.22 kg of digestible 
protein daily equivalent to 3358 kg DM yr-1 and 80 kg yr-1 of 
protein (Chamberlain and Wilkinson, 2002). 
 
Objective functions and Indices 
 
Different land use activities (LUA) were considered as 
decision variables in the model. The indices included crop 
code (c), Kibanja (KB), land type (LT), in different seasons 
(sn), rotation codes (R), labour type (lb), and main working 
periods (wp); area of respective land used in ha (x). Inputs 
and outputs of all activities were quantified using data 
collected from field survey and calculations based on target 
oriented approach (Ittersum and Rabinge, 1997). All 
calculations were based on major farming seasons, i.e. long 
rain (LR) and short rain (SR) seasons (Table 4), thus a time 
-frame of four seasons (two years) were considered (Figure 
2). 
 
Constraints and free variables 
 
Land 
 
Land areas for the Kibanja, Kikamba_Rweya were 
considered as constraint in all farm types. In this case the 
available areas were 0.8, 0.6, and 0.4 ha being mean values 
for FT1, FT2, and FT3, respectively. Moreover, a certain 
area from the Kikamba or Rweya must be allocated in every 
LR season per household that is sufficient to produce at 
least 50 kg DM of sweet-potatoes for food security reasons. 
This constrains 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.   
 
 
RESULTS  
 
Land allocation and yield 
 
In the absence of cattle, the Rweya was not chosen for FT1 
having 0.8 ha of Kibanja. However, FT2 and FT3 would 

require 0.24 and 0.53 ha of Rweya, respectively, during LR, 
whereas 0.26 and 0.57 ha would be allocated during SR 
season. The allocated Rweya area is for production of grass 
for mulching in their respective Kibanja. The herbaceous 
legumes including T. candida and C. grahamiana were 
chosen for growing in the Kikamba that would supply N and 
K in form of green manure for optimum Kibanja 
productivity (Table 5). These legumes should be produced 
from 0.98, 0.72 and 0.41 ha, for FT1, FT2 and FT3, 
respectively, producing total biomass of 17232, 12740 and 
7292 kg DM during the two years period. 
 
Labour allocation 
 
Results indicated that labour is not a constraint in this 
farming system probably because of small land holdings for 
all farm types relative to available family labour. This is 
most likely the reason for the predominating off-farm 
activities especially in the high rainfall zone areas. In these 
areas the required labour for farm activities amounts to 
only 35%, 25%, and 39% for FT1, FT2, and FT3 
respectively, of the available family labour (Table 6).  
 
Integration of crop activities and livestock 
 
Results indicated that the maximum number of cattle 
allocated for the farming household with average Kibanja of 
0.8 ha is 2 and that would need about 1 ha of Rweya for 
grazing. Manures production from these animals are 969 
and 1357 kg DM in the LR and SR seasons, respectively, 
which is adequate for maximum Kibanja productivity 
(Table 6) . 
 
 
DISCUSSION 
 
This study explored options of maintaining the productivity 
of the Kibanja in the context of diminishing Rweya land 
accessible to farming households as main supplier of the 
fertility replenishing inputs to the Kibanja. The results 
demonstrate that farm resource endowment has strong 
impacts on possibilities of sustainable productivity of the 
Kibanja. The low fertility status of Rweya land and the 
associated rapid decline of the area under this land use type  
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Table 5. Optimum yield (DM) of the objective function per allocated land to crops for every land use activity 

 
Farm 
types 

Land use type LUA 
Nutrient source 

(input) 
Land allocated 

(ha) 
Production level for seasons (kg) 

LR1 SR1 LR2 SR2 Total 
FT1 Kibanja (0.8 ha) Banana1 Ltc or Lcg 0.513 205 308 205 308 1026 
  Banana2 0 0.000 0 0 0 0 0 
  Banana3 0 0.000 0 0 0 0 0 
  B-C1 0 0.000 0 0 0 0 0 
  B-C2 0 0.000 0 0 0 0 0 
  B-C3_banana Ltc or Lcg 0.252 419 628 419 628 2094 
  B-C3_Coffee   41 61 41 61 204 
 Rweya Mulch 0 0.000 0 0 0 0 0 
  GRA 0 0.000 0 0 0 0 0 
  No_GRA 0 0.000 0 0 0 0 0 
 Kikamba Sweet potato Weeds 0.021 50 0 50 0 100 
    HL  0.979 4308 4308 4308 4308 17232 
FT2 Kibanja (0.6 ha) Banana1 Ltc or Lcg 0.379 152 227 152 227 758 
  Banana2 0 0.000 0 0 0 0 0 
  Banana3 grass mulch 0.023 74 111 74 111 370 
  B-C1 0 0.000 0 0 0 0 0 
  B-C2 0 0.000 0 0 0 0 0 
  B-C3_banana Ltc or Lcg 0.187 309 464 309 464 1546 
   grass mulch 0.011 19 28 19 28 94 
  B-C3_Coffee Ltc or Lcg  30 45 30 45 150 
   grass mulch  2 3 2 3 10 
 Rweya Mulch  LR = 0.238 715 na 715 na 1430 
    SR = 0.255 na 1072 na 1072 2144 
  GRA 0 0.000 0 0 0 0 0 
  No_GRA 0 0.000 0 0 0 0 0 
 Kikamba Sweet potato Weeds 0.021 50 0 50 0 100 
    HL  0.724 3185 3185 3185 3185 12740 
FT3 Kibanja (0.4 ha) Banana1 Ltc or Lcg 0.217 87 130 87 130 434 
  Banana2 0 0.000 0 0 0 0 0 
  Banana3 grass mulch 0.051 164 245 164 245 818 
  B-C1 0 0.000 0 0 0 0 0 
  B-C2 0 0.000 0 0 0 0 0 
  B-C3_banana Ltc or Lcg 0.107 177 266 177 266 886 
   grass mulch 0.025 42 63 42 63 210 
  B-C3_Coffee Ltc or Lcg  17 26 17 26 86 
   grass mulch  4 6 4 6 20 
 Rweya Mulch  LR = 0.527 1582 na 1582 na 3164 
    SR = 0.565 na 2372 na 2372 4744 
  GRA 0 0.000 0 0 0 0 0 
  No_GRA 0 0.000 0 0 0 0 0 
 Kikamba Sweet potato weeds 0.021 50 0 50 0 100 
    Ltc or Lcg  0.414 1823 1823 1823 1823 7292 

 

B-C: Banana-Coffee; na: not applicable;  
aThese are results for the base run of the model for FT1, FT2, and FT3 in the Kibanja, Kikamba, and Rweya  

 
 
 
are the principal constraints to productivity of the system. 
This has mainly been observed in the high rainfall zone 
where high leaching is the basis of losses of mobilized 
nutrients (Deugd, 1994). Likewise, continuous grazing, 
cutting of grasses, burning and poor collective management 
following changes of land tenure systems are among the 
factors threatening the sustainability of the farming system. 
The result of the model shows that with present production 
environment, the productivity for the three virtual farm 
types having average of Kibanja area of 0.8 ha 0.6 ha and 

0.4 ha would be maintained using herbaceous legumes 
namely T. candida and and C. grahamiana as source of 
nutrients that are essential as inputs in the productivity of 
the system, respectively. 

Farmers with access to farm yard manure (FYM) could be 
able to establish and maintain the productive Kibanja. 
About 15% of farmers own cattle in this farming system, 
which means that most Kibanjas are established and 
maintained without manure or fertilizers. This indicates 
that   in    most   cases   mulch  grasses  from the Rweya with 
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Table  6. Maximum values of labour required (hours per season) per land use for FT1, FT2, and FT3 where there is 
no cattle among the farming households 

 

Farm 
types 

Average 
Kibanja area 

(ha) 

Total labour per year 
(hours) 

LUA 
maximum labour needed (hours per 

season) 
LR1 SR1 LR2 SR2 Total 

FT1 0.8 5568 kibanja 155 232 155 232 774 

   
kikamba 303 295 303 295 1196 

   
rweya 0 0 0 0 0 

   
Livestock 0 0 0 0 0 

   
Total 458 527 458 527 1970 

         FT2 0.6 7488 kibanja 121 182 121 182 606 

   
kikamba 226 218 226 218 888 

   
rweya 71 107 71 107 356 

   
Livestock 0 0 0 0 0 

   
Total 418 507 418 507 1850 

         FT3 0.4 4416 kibanja 81 121 81 121 404 

   
kikamba 133 125 133 125 516 

   
rweya 158 237 158 237 790 

   
Livestock 0 0 0 0 0 

   
Total 372 483 372 483 1710 

 
 
 
low nutrient values are used.  

This study managed to find options to enhance the 
maintenance of the virtual Kibanja in the farming system 
with limited Rweya land. There are many differences in 
resource use efficiency among the three farm types and 
resulted in different optimal farm systems. The findings of 
this study are consistent with those of Baijukya (2004) who 
observed excess labour that would be used in the adoption 
of legume technology in the Kikamba and the off-farm 
activities.  
 
 
CONCLUSIONS  
 
Based on the findings of this study it was concluded that the 
Kibanja importantly mobilizes and recycles intrinsic soil 
fertility and that there is hardly accumulation of nutrients. 
Most farmers depend on initial quality of the soil, which 
apparently explains the inherent variations in Kibanja 
productivity and that without external inputs and nutrient 
deficiencies will continue to hamper the productivity with 
time. Further studies are needed to find alternative crop 
activities by considering all aspects of resource use 
efficiency because results from farming household level 
cannot be extrapolated to higher levels without additional 
research. 
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