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Abstract  

 

Typologies may be used as tools for dealing with farming system heterogeneity. This is achieved by classifying 

farms into groups that have co mmon characteristics, i.e.  farm types , which can  support the implementation of 

a more tailored approach  to agricultural development. This article explored patterns of farming system diversity 

in Ghanaôs Northern Region through the classification of 80 smallholder farm households. Based on 2013 survey 

data, the typology was constructed using the multivariate statistical techniques of principal component analysis 

and cluster analysis. Results proposed six farm types, stratified on the basis of household, labo ur, land use, 

livestock and income variables, explaining the structural and functional differences between farming systems. 

Types 1 and 2 were characterized by relatively high levels of resource endowment and oriented towards non -

farm activities and crop s ales respectively. Types 3 and 4 were moderately resource endowed with income 

derived primarily from on - farm activities . Types 5 and 6 were resource constrained, with productio n oriented 

towards subsistence. It was found that livelihood strategies reflect the distinctive characteristics, opportunities 

and  constraints of farm households -  with poorly endowed types restricted to a ósurvival strategyô and more 

affluent types free to pursue a ódevelopment strategyô. We conclude that a more flexible approach to typology 

construction, for example through the incorporation of farmer perspectives, might provide further context and 

insight into the drivers of diversity . 
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1. Introduction  

Africa is predominantly rural, with 54% of the population engaged in agriculture (FAO, 2014). The majority of 

farmers cultivate small, fragme nted parcels of land, yet are responsible for the bulk of food production, making 

the smallholder farm sector a key player in the continentôs rural economy (Chamberlin, 2007; Wiggins, 2009). 

A farming system is defined as the complex of resources that are arranged and managed according to the 

totality of production and consumption decisions taken by a farm household, including the choice of crops, 

livestock, on - farm and off - farm enterprises ( Giller, 2013; Fresco & Westphal, 1988 ; Köbrich et al ., 2003). 

Smallholder farming systems are perceived to share certain characteristics which differentiate them from large -

scale, profit -driven enterprises. These include: limited access to land, financial capital and inputs, high levels of 

vulnerability and low marke t participation (Chamberlin, 2007, 2008 ). However, the macro -  and micro - level 

structures, drivers and constraints of these systems are shaped by constant interaction with the local social and 

biophysical context (Chapoto et al ., 2013; Ngeleza et al ., 2011;  Tittonell et al ., 2010). The result is f arming 

system diversity in space ( e.g.  based on resource endowment), variability through time (dynamism) and 

multidimensionality in terms of strategy (production and consumption decisions) (Mortimore & Adams, 1999). 

Therefore, not all smallholders are equally land constrained, resource -poor or market oriented, and any effort 

to understand or develop the smallholder sector needs to start with an acknowledgement of this heterogeneity.  

 

A practical way of dealing with fa rming system complexity is to stratify smallholders into subsets or groups that 

are homogenous according to specific criteria e.g . have broadly similar resource bases, enterprise patterns, 

livelihoods and constraints (Köbrich et al ., 2003). Results can the n be used to support the development 

(selection of farms), implementation (targeting and scaling -out of innovations) and monitoring (scaling up of 

impact assessments) of agricultural development projects (Alvarez et al ., 2014; Byerlee et al ., 1980; Emtage et 

al., 2007). Farm typologies attempt to perform such groupings; the term ótypologyô designating both the 

science of type delineation and the system of types resulting from this procedure (Landais, 1998). The choice of 

differentiating criteria depends on the objective of the typology and the kind of data available (Kostrowicki, 

1977; McKinney, 1969). Several studies have defined farmer classes and livelihood patterns to describe farming 

systems in different African countries, using a range of criteria whic h often overlap across regions and agro -

ecological zones (see Chikowo et al ., 2014 for a review on smallholder typologies in Sub -Saharan Africa). This 

article contributes to an existing, but relatively sparse strand of literature on farming system characte rization in 

Ghana. Using survey data collected from seven case study villages across the country, a seminal study by 

Benneh (1973) derived a broad classification of the farming systems found within Ghana using the method of 

soil fertility maintenance and l and tenure system as main discriminating criteria. Much later, focusing 

exclusively on Wenchi district in the Brong -Ahafo region, two qualitative studies explored farm household 

diversity using migrant versus native status (Adjei -Nsiah et al ., 2004) and et hnicity, gender and wealth (Adjei -

Nsiah et al ., 2007) as variables. The latter classifications were both based on participatory methods such as 

wealth ranking. More recently, a 2007 study by Ghanaôs Ministry of Food and Agriculture (MoFA) disaggregated 

far m households in 16 predominantly northern districts of the country according to their livelihood strategies, 

using a participatory approach (Al -Hassan & Poulton, 2009). Finally, in 2011, making use of the nation -wide 

Ghana Living Standards Survey 5 dataset , a study commissioned by the International Food Policy Research 

Institute examined the spatial disaggregation of crop production and input use patterns across the different 

agro -ecological zones of Ghana. However, to the authorsô knowledge, no published studies have characterized 

Northern Ghanaian farming systems using more formal analytical (statistical) methods.  

 

Adopting an inductive approach, this article explores farming system variability in the case study area -  Ghanaôs 

Northern Region -  through i) t he identification  and c haracterization of farm types, ii) analysis of patterns  and 

inter - relationships betw een the established types and iii ) consideration of the implications of findings for more 

efficient tailoring of agricultural support to farm type -specific challenges. In order to achieve these objectives, a 

typology was constructed on the basis of recent survey data and incorporated multiple, quantitative variables of 

farm structure (describing resource endowment) and farm functioning (describi ng livelihood strategies) (Irairoz 

et al ., 2007; Tittonell, 2014). Clustering arose from multivariate analysis of th ese variables, using the well -

known techniques of principal component analysis (PCA) and cluster analysis (CA) (for examples, see Bidogeza 

et al ., 2009; Chavez et al ., 2010; Köbrich et al ., 2003; Tittonell et al ., 2010). Key strengths of this approach 

are its reproducibility, ease of comparison across space and time and manageability -  datasets can be analysed 

with speed and accuracy ( Kostrowicki, 1977).  
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2. Materials and methods  

2.1 Project, site selection and data sources  

The research was embedded in a multi -country research - for -development program, Africa Research in 

Sustainable Intensification for the Next Generation (Africa RISING),  supported by the United States Agency for 

International Development as part of the United States government óFeed the Futureô initiative (http://africa -

rising.net/ ). Operating within a time horizon of five years ( 2012 -2016), the program aims to create 

opportunities for smallholder farm households to escape hunger and poverty through sustainably intensified 

farming systems that improve food, nutrition, and income security, while conserving or enhancing the natural 

resource base ( IITA , IFPRI & ILRI, 2012). The project is active in East and Southern Africa (Ethiopia, Tanzania, 

Malawi and Zambia ) and in West  Africa (Mali and Ghana). In each site, the challenge is to achieve the project 

goals while paying attention to sm allholder diversity within and across the rural landscapes. Therefore, 

identification of farm types in project regions, at the level of selected Africa RISING intervention communities, 

is an important first step for the program.  

 

Africa RISING in Ghana , led by the International Institute of Tropical Agriculture (IITA),  comprises the three 

most poverty -stricken geographical and administrative regions in Northern Ghana; namely the Northern Region, 

Upper East Region, and Upper West Region. In September 2013,  17 enumerators associated with Africa RISING 

surveyed 240 farm households across these three regions of Northern Ghana, as part of a rapid 

characterization or baseline study. In each region, 80 farm households were randomly selected from Africa 

RISING int ervention communities for interviews using a structured questionnaire. Basic information on 

household composition and education of household members, land holdings, livestock ownership, labour use, 

assets, housing, production orientation, major crops and s ources of income was collected. This article makes 

use of the resulting dataset focusing exclusively on the classification of farm households in the Northern Region.  

2.2 Study area  

The Northern Region occupies 70 383 km 2 which constitutes over two fifths of the area of modern Ghana. It is 

divided into 20 districts with the town of Tamale as its regional capital. The region is economically poor with 

little industry and despite its geographical size, the current population is only about one fifth of the coun try 

total (Kelly & Bening 2007). Vegetation falls into the Guinea -Savanna h zone, which is characterized by vast, 

low - lying areas of semi -arid grassland interspersed with savannah woodland, a dry and hot climate, uni -modal 

rainfall and fragile, sandy - loam s oils often overlying impenetrable ironpan or laterite (Ellis -Jones et al ., 2012; 

Wiredu et al ., 2010). Three Africa RISING intervention communities were surveyed within the Northern Region; 

namely Botingli (9.61° N 0.79° W , Savelugu -Nanton district n=21), Kpalung (9.68° N 0.78° W, Savelugu -

Nanton district, n=28) and Tingoli (9.37° N 1.01° W, Tolon -Kumbungu district, n=31) (Fig. 1). The 

communities are inhabited mostly by peoples of the Dagomba  ethnic group, who comprise about a third of the 

population of th e region (Ellis -Jones et al.,  2012 ). The basic unit of social organization among the Dagomba is 

the farm household, centred around a ócompoundô where the head (typically male) lives with his nuclear or 

extended family (Alhassan, 2009; Oppong, 1967).   Livelihoods are based on small -scale, low - input, mixed crop -

livestock agriculture and farmlands tend to follow the typi cal concentric  spatial arrangement found elsewhere in 

Africa, comprised of nucleated human settlements in the middle, inner rings of fer tile compound farms, medium 

distance fields, and outer rings of more distant bush farms (Yiridoe et al ., 2006). Traditionally cultivated 

according to the bush fallow system, most farms are now under annual or permanent cultivation (Adikwu, 

2014; Benneh, 19 73 ). The main staple food crops are maize (which also doubles as a cash crop), yam and 

cassava.  Groundnuts , rice, soybea n and cowpea  constitute the main cash crops.  Yields are generally poor due 

to low and erratic rainfalls, low and  declining soil fertilit y, lack of quality seed and land preparation equipment, 

high cost of inputs and labour constraints (Timler et al ., 2014). Cattle, sheep , goats and poultry are kept as 

livestock for food, income, wealth accumulation, sacrificial  purposes and to a lesser extent for their supply of 

inputs such as manure (used as organic fertilizer) and draught power (Ellis -Jones et al ., 2012; Sansoucy et al . , 

1995). Productivity of animals is low due to inappropriate feeding and animal husbandry pr actices that result in 

high mortality rates, and farmers have limited access to veterinary services and improved livestock breeds. In 

general, the crop and livestock enterprises are weakly integrated (Timler et al ., 2014).  

http://africa-rising.net/
http://africa-rising.net/
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Fig. 1  Map of Northern Ghana ( inset) showing the location of the Africa RISING (AR) intervention communities that 
constituted the study area, in Ghana's Northern Region. Source: authorsô mapping in ArcMap 10.2. 

 

2.3 Dataset  

The survey dataset for the Northern Region contained information from 80 geo - referenced farm households 

across three Africa RISING intervention communities. Although the sample size was rather small, it captured 

the diversity in farming system features from a structural -  (household composition, land area, ma jor crops, 

livestock ownership, labour, assets and housing) and functional (production orientation and sources of income) 

perspective. From this pool of household -level information, 18 quantitative, ócandidateô variables for describing 

the characteristics and strategies of local farm households were distilled  (Table 1) ; the choice being informed 

by the findings of previous studies ( e.g . Marchetta, 2011, 2013; Timler et al ., 2014; Tittonell et al ., 2010), local 

expert knowledge and of course, project objecti ves and data availability.  A sub set of these household, labour, 

land use, livestock, food security and income -related variables (Table 1) was derived through the PCA (section 

2.4.1) and then used for generating the typology.  
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Table 1  
Description of explan atory ócandidateô variables distilled from the survey dataset for typology construction and the subset of 
variables included in the PCA (Incl. in PCA).  

Variable   Unit  Mean  ±SEM  Min.  Max.  
Incl.  

in PCA  

Household   

Size of household  Number of members  15.2  0.97  4 37  V 

Age of household head  Number of years  48.0  1.61  21  70   

Labour   

Total labour input a Hours per year  2450.5  174.22  256  7048  V 

Hired labour ratio   0.1  0.01  0 0.44  V 

Female labour ratio   0.2  0.02  0 0.57   

Land use   

Cropped land area b Hectares  3.8  0.24  0.81  9.31  V 

Maize ratio c  0.5  0.02  0.19  1 V 

Legume ratio d  0.2  0.02  0 0.68  V 

Tuber ratio e  0.1  0.02  0 0.51   

Other cereal ratio f  0.1  0.01  0 0.33   

Livestock ownership   

Herd size  TLUg 3.2  0.39  0.15  17.31  V 

Cattle ratio   0.2  0.04  0 0.93   

Small ruminant ratio h  0.6  0.04  0 1 V 

Poultry ratio i  0.2  0.03  0 1 V 

Food security and income   

Food self - sufficiency j  Months per year  6.6  0.36  1 12   

Crop sales k Percentage  36  3 0 86  V 

Livestock sales l Percentage  21  2 0 76  V 

Off/non - farm income m Percentage  16  2 0 70  V 
 

aFamily, hired -  and exchange labour input for crop production (the sum of all reported labour per plot per household); bLand used by farmers for 

crop production (the sum of all reported plot sizes per household); cShare  of arable land cropped to maize; dShare of arable land cropped to 
legumes: beans, soybeans, groundnuts, cowpeas;  eShare of arable land cropped to roots and tubers: cassava and yam;  fShare of arable land 

cropped to other cereals: rice, sorghum, millet; gTropical Livestock Unit: livestock conversion factor s based on Jahnke et al ., 1987; hShare of 

small ruminants in total TLU (herd): goats and sheep; iShare of poultry in total TLU (herd): chickens, ducks, turkeys, pigeons and guinea fowls; 
jMonths of the yea r when household food demands are met by on - farm production; kShare of crop products sold on the market; lShare of livestock 

products sold on the market; mShare of income derived from off/ non - farm activities.  

 
Source : authors' analysis of the 2013 survey data. In all the Tables and Figures that follow, the source remains the authors unless otherwise 

specified.  

 

  



6 
 

2.4 Typology construction  

Two multivariate statistical techniques were employed sequentially for generating a typology of the surveyed 

farm households: PCA to reduce the dataset into non -correlated components and hierarchical CA for partitioning 

the PCA output into clusters. All an alyses were executed in R (version 3.1.0) with the ade4 package (version 

1.6 -2, available online at: http://pbil.univ - lyon1.fr/ADE -4/ ) and the cluster  package (version 1.15.2).  

2.4.1 Principal component analysis  

To avoid distortions in the statistical analysis, the dataset based on candidate variables was carefully examined 

by evaluating missing data and identifying potential outliers. Missing information may result from errors in data 

collection or data entry, or from omission of responses by participants. Imputation methods and list -wise 

deletion were applied to deal with missing data in this study. The former involved calculation of replacement 

values through mean substitution while the latter entailed total deletion of observations with any missing data. 

Boxplots were used to detect outliers which were deleted at the risk of improving the multivariate analysis while 

limiting its generalizability to the entire population (Hair et al ., 2010). Of the 80 fa rm households sampled by 

the survey, 70 were retained for statistical analysis. Furthermore, the magnitude of the relationships between 

candidate variables was assessed: highly correlated variables thought to be measuring the same latent 

construct were dis carded and not included in the subset for PCA (Field, 2009).  

 

Following the variable screening process, a subset of 12 variables was retained for explaining the diversity 

among farming systems (Table 1). After  the extraction of  all principal components (P Côs), the decision of how 

many PCôs to keep was made based on three criteria: i)  According to Kaiserôs criterion, all PCôs exceeding an 

eigenvalue of 1.00 were initially retained (Chavez et al ., 2010; Köbrich et al ., 2003). This decision wa s cross -

checked by looking at ii ) the minimum cumulative percentage of variance chosen, here 60% (Table 2).  The final 

criterion, that of iii) interpretability, was used to assess the conceptual meaning of the PCôs in terms of the 

apparent constructs under investigation. This was done by examining the correlations between the variables 

and the PCôs (Chessel et al ., 2004; Husson et al ., 2011); higher correlation coefficients signified a closer 

relationship to the PC (Lebart et al ., 1995; c.f.  circles of corre lation from Fig. 2). In this study, loadings greater 

or equal to 0.50 were considered for interpretation purposes (Irairoz et al ., 2007).  

2.4.2 Cluster analysis  

The PCA output in the form of a reduced dataset based on the retained PCôs was subjected to CA. A two -step 

approach was followed: first, a hierarchical, agglomerative clustering algorithm using Wardôs method was 

employed to define the number of groups ( k), and then a non -hierarchical, partitioning algorithm (Partitioning 

Around Medoids) was employ ed to refine these k-groups. Wardôs method resulted in a range of cluster 

solutions, where each observation started out as its own cluster and was successively joined by similar clusters 

until only a single cluster remained (Reynolds et al ., 2006). This ag glomerative nesting process was 

represented by a dendrogram. In determining the optimal cluster cut -off points, a trade -off was sought 

between the number of clusters and the level of dissimilarity between clusters, with the objective of maximizing 

both int ra -cluster homogeneity and  inter -cluster heterogeneity (Hair et al ., 2010). Furthermore, expert 

knowledge of farming systems in the study area was employed to support the choice of the dendrogram cut -off 

points, in order to select meaningful and  realistic clusters. The number  of clusters retained from Wardôs method 

was used as a starting value  by the partitioning algorithm, which refined the cluster solution by iteratively re -

assigning observations around representative observations or ómedoidsô, with the goal of creating the most 

distinct clusters possible (Reynolds et al ., 2006; Rousseeuw, 1987). The non -hierarchical algorithm was 

performed to improve the robustness of the classification by optimizing farm distribution among clusters so as 

to minimize the sum of the distances of each observation from its cluster centre (Reynolds et al ., 2006). To 

characteri ze the derived clusters, they were examined in terms of their inherent structure  ( i.e.  the  mean value 

of each variable for each cluster) .  

 

In addition, t he patterns of the multivariate system, i.e . intra -group features  and inter -group relationships were 

analysed, the identified farm types mapped and the consequences of farm type -specific characteristics and 

strategies for innovation targeting considered. Finally, the types were validated by an agricultural expert with 

an intimate knowledge of the local farming systems (former MoFA extension officer for the Northern Region).  

http://pbil.univ-lyon1.fr/ADE-4/
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3. Results and discussion  

3.1 Multivariate analysis results  

The PCA resulted in the extraction of the first five PCôs explaining about 66% of the variability in the dataset 

(Table 2). The first PC explained the greatest part of the variation, about 19.4% of variability in the data.  

 

 

Table 2  
Eigenvalues and percentage variance explained by five principal components (PCôs) using PCA. 

PC Eigenvalue  Variance (%)  Cumulative Variance (%)  

1 2.33    19.4  19.4  

2 2.05    17.1  36.5  

3 1.42    11.8  48.3  

4 1.20    10.0  58.3  

5 0.97  8.1  66.4  

 
 

The first component (PC 1) was closely related to the variables describing household size ( sizehh ) and animal 

resources (total TLU or tottlu  and small ruminant ratio or rumratio ), and less closely related to the hired labour 

ratio ( hiredratio ). Thus, it seemed to explain the human and animal cap ital of farm h ouseholds (Fig. 2A ). The 

second component (PC 2) correlated highly with land use variables (maize ratio or maizeratio  and legume ratio 

or legratio ) and total annual on - farm labour input ( totlab ). It was more weakly correlated with the cropped land 

area ( landsize ) (Fig. 2A ). Th e third component (PC 3) described the herd composition (poultry ratio or 

poultryratio ) and management (livestock sales or livsales ) (Fig. 2B ). The fourth component (PC 4) was related 

to off/non - farm activities ( offincome ) (Fig. 2C ).  Finally, the fifth component (PC 5) was represented by the crop 

sales percentage ( cropsales ), giving insight into the production objective of households (Fig. 2D ).  The results 

from the hierarchical clustering algorithm suggest ed a six -cluster cut -off poi nt (Fig. 3), and the non -hierarchical 

algorithm re -assigned farms to the identified clusters. Thus, it emerged that the households of the study area 

could be grouped into six broad types contrasted by their structural (resource endowment
Ϟ
) -  and functional 

(production objectives/ livelihood stra tegies) characteristics (Fig. 2E -  2H and Fig. 4):  

 

Type 1.  Well resource endowed with large cattle herd, maize -based cropping system and ample  

 non - farm activities  

Type 1, which accounted for 11% of the sampled farm  households, was dissociated from the others due to the 

strong  discriminating power for the variables related to herd size and composition, household size and 

engagement in non - farm activities (Fig. 2). Thus, Type 1 comprised mainly large households (about  22 people) 

providing the majority of on - farm labour (96%), and the largest animal herds with on average 10 cows, 10 

goats and 10 sheep. The poultry ratio was the lowest, but absolute numbers of birds kept were among the 

highest. The cropped area tended to  be dedica ted to the production of maize (50%). However, with an average 

cropland area of 3.6 ha, it was medium -sized compared to other farm types. Non -farm activities contributed to 

a large portion of the household income, with Type 1 showing the highest percentage of non - farm income in the 

total farm income (32%). Conversely, the percentages of crop and livestock sales were the lowest  among all 

farm types . 

 

Type 2.  Well resource endowed with large r farm areas , legume and maiz e-based cropping system, 

market oriented  

Type 2 comprised 10% of the sampled farm households. Land use - related variables and the crop sales variable 

showed high discriminating power in distinguishing Type 2 from other clusters (Fig. 2). Therefore this typ e was 

characterized by the largest farms area (average of 6.3 ha), with just over a third of the area cropped to maize 

(one of the lowest maize ratios among types) and another third to legumes (one of the largest legumes ratios 

among types). Type 2 relied heavily on the sale of crop products: more than half of all crop products were sold 

on the market (55%). It exhibited the second largest animal herds (on average 7 cows, 4 goats, 3 sheep and 

38 poultry) and a relatively large household. Total labour input per year was high, but the hired labour ratio 

remained low.  

                                                           
Ϟ
 This refers to wealth - rela ted variables such as farm size , livestock ownership and household size (Tittonell et al ., 2010) . 
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Type 3.  Medium resource endowed with herd dominated by small ruminants, legume -and maize  

 oriented, on - farm labour intensive  

For Type 3, which comprised 13% of the sampled farm households, the main distinguishing features included 

herd composition and the total labour input per year (Fig. 2). The herd exhibited a relatively small size (2.4 

TLU) and consisted mainly of small rumi nants (about 80%). On average, households of this type possessed no 

cattle, 9 goats, 9 sheep and 31 birds. With  5.2 ha  on average , this group cultivated  the second largest farmed 

area , of which a third was cropped to maize and a third to legumes. Labour ho urs per year were the highest for 

this farm type, with a relatively large proportion of hired labour (about 8%). About 30% and 27% of crop -  and 

livestock products were sold, respectively.  

 

Type 4.  Medium resource endowed with herd dominated by small rumina nts, ample hired labour and 

farm income provided mostly by crop product sales  

Type 4 was the largest cluster, accounting for 46% of the sample. It represented small farm households with 

diverse characteristics. Nevertheless, the variable of hired labour ra tio differentiated it from other clusters (Fig. 

2). The cultivated land area tended to be medium sized (about 3.5 ha) and dominated by maize and legumes 

(respectively about 41% and 30%). Almost half of all crop products were sold (45%). The size of the her d was 

relatively small (1.9 TLU) and was mostly comprised of small ruminants (70%). On average, farmers owned 1 

cow, 6 goats, 6 sheep and 27 chickens. Total labour input was low for this farm type, especially considering the 

medium sized land area, but the  share of hired labour was the highest at 14%.  

 

Type 5.  Resource constrained, maize -based cropping system and almost no income generated by 

off/non - farm activities  

Type 5 included 14% of the sampled farm households, and its main differentiating characteris tics related to 

land use variables and off/non - farm income (Fig. 2). The cluster exhibited the smallest farm areas (about 2.5 

ha), mostly dominated by maize (about 74% of the arable land) and the lowest legumes proportion compared 

to other clusters (only 4 %). This cluster also had the lowest share of off/non - farm income (about 8%). Herd 

size was generally quite small and animal production was centred on small ruminants and poultry (average 

ownership of 1 cow, 6 goats, 9 sheep and 34 birds). Total labour hou rs per year were relatively low . 

 

Type 6.  Severely resource constrained, with a small herd dominated by poultry, income generated from 

livestock product sales and off - farm activities  

Type 6 was the smallest cluster, accounting for only 6% of the sampled fa rm households. It could be 

dissociated from the others due to the strong  discriminating power for variables related to farm size and total 

annual labour input on the one hand, and herd size -  and composition and livestock sales on the other (Fig. 2). 

Thus, Type 6 was characterized by small cropped area (2.6 ha, with about 47% allocated to maize) and the 

lowest total labour hours per year. The size of the herd was very small (about 0.3 TLU) and livestock consisted 

almost entirely of poultry (about 89%); on av erage, farmers of this type possessed only 1 goat and 24 birds. 

The percentage of supplementary income from off - farm activities was high (about 25%) but the main income 

resource was livestock products sales (about 42%). Furthermore, in contrast to similarl y land -constrained Type 

5, household size was small.  
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Fig. 2  PCA and CA output: circles of correlation (A -D) and clusters i.e. farm types 1 -6 (E -H) in the planes PC1 -PC2, PC1-PC3, 
PC1-PC4 and PC1 -PC5. The directions and lengths of arrows within the circles show the strength of the correlations between 
variables, an d variables and PCôs. The arrows highlighted in red represent those variables that correlate strongly (>0.60) with 
PC 1, whereas the arrows highlighted in green represent those variables that correlate strongly with each subsequent PC.  














































































