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Developing pathways to improve smallholder agricultural productivity through ecological
intensification technologies in semi-arid Limpopo, South Africa
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Agriculture faces an enormous global challenge of feeding nine billion people by 2050. This means a comprehensive
intensification of agriculture is required. Ecological intensification is gaining momentum as a clearly defined vision for
increasing agriculture productivity and sustainability. How ecological intensification could be tailored to benefit
smallholder farming systems in sub-Saharan Africa (SSA) remains the major question. In this study, we develop
pathways relying on ecological intensification technologies and suiting different farm types of smallholder agriculture.
This study relies on multiyear engagements with agricultural experts and smallholder farmers in Ha Lambani, South
Africa and leads to the identification of farmer groupings. We analyse 40 in-depth semi-structured interviews with
farmers which leads to the identification of farming patterns and constraints. We present how farming systems analysis
of challenges and constraints helps to identify and link specific ecosystem services with suitable ecological
intensification options. We conclude that the expert-based classification of farmers offered a more contextualized
representation of farming system heterogeneity, where tailored ecological intensification technologies could play a major
role in improving agricultural productivity. Beyond this community, it emphasizes the need to consider farmers type
heterogeneity as a strong decision parameter for targeting ecological intensification.

Keywords: farm types, smallholder agriculture, ecological intensification, ecosystem services
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Introduction
In southern Africa, smallholder farming is dominated by
dryland crop production. The regional average grain
yields ranged from 0.3–2.2 t/ha during the period 2008–
2012 (FAO 2014). South Africa is generally considered
a food secure nation (De Cock et al. 2013), but many
households in rural areas are food insecure (Pereira,
Nicholas Cuneo, and Twine 2014). About 35.2% of the
South African population live in rural areas (Statistics
South Africa 2015) and practise subsistence agriculture
(Thamaga-Chitja and Morojele 2014). They rely on agri-
cultural activities for their livelihoods and are amongst
the poorest and most vulnerable in the country (Tibesigwa,
Visser, and Turpie 2015; Ncube et al. 2016). The rural
farming households are particularly vulnerable to climate
and other disaster risks because they are mostly dependent
on rainfed traditional agriculture (Mwenge Kahinda and
Taigbenu 2011; Kong et al. 2014) and have a low adaptive
capacity due to technical, financial and infrastructural con-
straints (Gbetibouo, Ringler, and Hassan 2010).

In South Africa and in most surrounding countries in
southern Africa, agriculture and agricultural related activi-
ties contribute to most of the employment in rural areas
(Dercon and Gollin 2014). Smallholder agriculture has
the potential to generate more employment opportunities
and income and, consequently, improve livelihoods in

rural areas of South Africa (Shisanya and Hendriks
2011; Mpandeli and Maponya 2014). Therefore, improv-
ing agriculture is considered a viable and sustainable
alternative in reducing rural poverty in South Africa and
other sub-Saharan African (SSA) countries (Adekunle
2014; Thamaga-Chitja and Morojele 2014; Shisanya and
Mafongoya 2016). With proactive technical and policy
support, smallholder farmers can realize their potential
to become competitive in their agricultural production
activities. Thus, improvement of smallholder farming is
a high priority in South Africa’s development of rural
communities (Aliber and Hall 2012; Kepe and Tessaro
2014).

The manner in which agricultural technologies and
innovations should be promoted in SSA in order to
improve agricultural production and sustainable liveli-
hoods through smallholder farming is widely debated
(Wainaina, Tongruksawattana, and Qaim 2016). Technol-
ogies on sustainable land use and improved agricultural
productivity have been developed, promoted and scaled
out in the past 30 years in SSA (Bidogeza et al. 2009).
However, some of these technologies have been only par-
tially adopted (Giller et al. 2015), and most have not been
fully adopted (Wainaina, Tongruksawattana, and Qaim
2016). This is because most interventions are not reflective
of smallholder farmer circumstances and fail to acknowl-
edge the realities of smallholder farmers, be they environ-
mental or social, or their environmental perceptions or the
strategies they use to meet their food security needs
(Nhantumbo et al. 2016). For example, Giller et al.
(2009) question the suitability and effectiveness of conser-
vation agriculture (CA), despite its heavy promotion in
SSA, especially in smallholder agriculture, highlighting
a possible mismatch between the conditions required for
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all CA principles to be adopted by farmers and the circum-
stances that characterize and constrain smallholder
African farming systems. This disconnect undermines
effective engagement between farmers, extension services
and researchers for effective improvement of technologies
and their adoption. Therefore, new pathways of fostering
agricultural interventions in South Africa and SSA are
needed before scaling up such interventions (Whitbread
et al. 2010; Sanyang et al. 2016). Agricultural technol-
ogies and interventions aiming to enhance production,
income and household livelihoods, must capture the con-
trasting financial, technical and biophysical circumstances
within and across the heterogeneous agro-ecologies in
smallholder agriculture in SSA (Baudron et al. 2015;
Giller et al. 2015). This must include the differing socioe-
conomic circumstances within the sector.

Effectively identifying and integrating major issues
that guide smallholder farmers’ decision-making is there-
fore important to unlock current low adoption rates of
practices such as conservation agriculture or in situ rain-
water harvesting, among others (Nhantumbo et al.
2016). A practical way to understand smallholder
farmers’ decision-making is to identify their systems’ per-
formance, efficiency levels, challenges and opportunities.
Understanding the sensitivity and exposure of the farming
systems to climatic, social, economic or biophysical
shocks could also help. Different modelling frameworks
can be used to achieve the above. However, a successful
farming system analysis model requires understanding of
farm systems heterogeneity. Amongst farm households
with similar production goals, biophysical and resource
endowments, farm typologies effectively classify the het-
erogeneity of farmers’motivations and socioeconomic cir-
cumstances in relation to their farming systems (Bidogeza
et al. 2009; Chikowo et al. 2014; Chenoune et al. 2016).
Two approaches could be used to identify farm types in
smallholder agriculture in SSA. The first is a bottom-up
participatory approach where every farmer is consulted
and engaged through field visits, discussions and inter-
views. The second is a top-down approach where key
informants are interviewed to identify heterogeneity
traits and generate typologies as shown by Tittonell
et al. (2005) and Zingore et al. (2007). Whilst the first
approach cannot be implemented on a large scale (lack
of human and time resources), it allows for better descrip-
tion of farmer’s anticipation, capacity and willingness to
adopt new management strategies and agro-technologies.
The second approach has the potential for large-scale
implementation in cases where time and other resources
are limiting. The classification criteria depend on the
goal of the typology and the kind of data available. Fur-
thermore, agricultural scientists are being encouraged to
develop farm typologies to support a more tailored
approach to agricultural development and innovation
(Kuivanen et al. 2016).

In SSA, two models of fostering agricultural develop-
ment and innovation to improve smallholder agriculture
have gained momentum, namely sustainable and ecologi-
cal intensification (Petersen and Snapp 2015). The two are
closely linked in terms of definitions, principles and prac-
tices, thus creating some confusion in their meaning,

interpretation and implications. However, it is often
argued that ecological intensification is more clearly
defined, with a better theoretical basis (Petersen and
Snapp 2015; Wezel et al. 2015) The major difference
between these two models is that for ecological intensifi-
cation, agricultural systems are designed to benefit from
ecological processes and functions, including biological
control of biotic stressors and efficient use of available
resources and ecological services (Bommarco, Kleijn,
and Potts 2013; Tittonell 2014; Kovács-Hostyánszki
et al. 2017). Sustainable intensification, on the other
hand, does not have a focus on ecological processes,
although these can be incorporated if they contribute to
reduced inputs, increased outputs or enhanced efficiency.
In recent literature, sustainable intensification has tended
to have more of a focus on technological innovation and
increased production without environmental impacts
(Loos et al. 2014; Kuyper and Struik 2014; Godfray
2015).

In this study, we focus on and explore ecological inten-
sification using the top-down approach. Ecological inten-
sification is defined as a means of increasing agricultural
production and environmental services, while reducing
the need for external inputs and capitalizing on ecological
processes that support and regulate primary productivity in
agro-ecosystems (Tittonell 2014). Ecological intensifica-
tion seeks to ensure long-term productivity and sustain-
ability through restoration of biodiversity and a full
array of ecosystem functions and services that support
food production and human wellbeing. It aims to
achieve a healthy environment that provides multiple eco-
system services (i.e. clean water, improved soil fertility,
pest suppression, nutrient cycling, and climate regulation)
(Bommarco, Kleijn, and Potts 2013; Geertsema et al.
2016). Ecosystem services and functions have particular
relevance in sub-Saharan Africa (SSA), where the
majority of the population live in rural areas and rely on
ecosystem services and functions for their living through
smallholder farming, pastoralism and fisheries (Egoh
et al. 2012). Despite the potential of ecological intensifica-
tion to improve food production systems in smallholder
agricultural systems in SSA (Rusere and Crespo Forth-
coming), it has rarely been seriously addressed in the
context of smallholder farming systems of rural Africa
(Tittonell and Giller 2013) and its research remains
limited in SSA (Struik and Kuyper 2017). Hence, there
is need to understand how ecological intensification tech-
nologies can be leveraged in smallholder farming systems
to improve food security in their heterogenous socioeco-
nomic and environmental circumstances in South Africa.
The aim of this paper is to develop pathways to improve
agricultural productivity among smallholder farms in
rural South Africa. In this study we explored two hypoth-
eses, namely that:

(i) stratification of farm types according to farm size, farm
resource endowments, production objectives and
source of household income could support a more tai-
lored approach to develop ecological intensification of
technologies adapted to different farm types in small-
holder agriculture; and
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(ii) understanding of farm type constraints, challenges and
solutions could be an entry point to identify, link and
harness specific ecosystem services to improve agri-
cultural productivity through tailored ecological inten-
sification technologies

We use this analysis to propose options for ecological
intensification that may be suitable to the different types of
smallholder farms in semi-arid South Africa.

Materials and methods
Study area
South Africa has a dual agricultural system, with a well-
developed commercial agricultural system that contributes
significantly to national food security. The second type is a
less developed and less resourced agriculture occupied by
smallholder farmers. This study was conducted in Ha
Lambani, a village in Vhembe District in Limpopo pro-
vince, South Africa. Limpopo province is the fourth
largest province in South Africa (Statistics South Africa
2015). It has the highest population growth rate of 3.9%
per annum and 90% of the population live in rural areas
(De Cock et al. 2013). The study site typifies smallholder
farming areas which are less developed and less resourced
and that can, in similar forms, be encountered in other vil-
lages and districts in Limpopo province. Smallholder agri-
culture accounts for 70% of the farming activities in the
district whilst the other 30% is commercial agriculture.
According to Mpandeli and Maponya (2014), the main
contributor to employment and livelihoods in the
Vhembe District is agriculture.

The district is situated in a semi-arid area, is frequently
affected by dry spells (often developing into severe
drought), and experiences severe water shortages from
May to August. Most commercial farmers depend on irri-
gation systems for farming while the subsistence or small-
holder farmers rely on seasonal rainfall, which is normally
received from November to March. The district average
rainfall ranges from 246 mm to 681 mm per annum.
Soils in the district are variable, tending to be sandy,
loamy and clayey in different areas within the district.
The soils are mainly developed on basalt, sandstone and
biotite gneiss and are generally of low inherent soil ferti-
lity. The smallholder farmers predominantly grow maize,
legumes and some vegetables for their own consumption,
with any surplus sold to neighbours or relatives. Rainfed
crop yields are generally poor due to low and erratic rain-
fall as well as poor soil fertility.

Theoretical and conceptual framework
An understanding of smallholder farming systems cannot
be achieved without considering the wider socioeconomic
context in which these smallholder farmers live and
operate. In the context of smallholder farmers in sub-
Saharan Africa (SSA), when analyzing farming systems
across Africa, bewildering complexity is faced (Giller
et al. 2011). Therefore, different analytical methods can
be employed, which combine on-farm participatory
research, farm typologies, experiments and modelling
tools to identify pathways towards intensification of small-
holder farm systems. Describe, Explain, Explore and

Design (DEED) is one approach that proposes a logical
sequence of activities for researchers and farmers to co-
learn in identifying suitable technologies for specific con-
texts. For this study, the Describe, Explain, Explore and
Design (DEED) approach (Giller et al. 2011) is used as
a theoretical basis to develop our conceptual framework,
as it focuses on identifying suitable technologies for
specific contexts and farm types. The steps in what we
call the DEED approach are used to 1) describe (D)
current production systems and their constraints through
ex-ante analysis of the options and the prerequisite con-
ditions; 2) explain (E) the consequences of current
farmers’ decisions on resource allocation through testing
and analyzing options using theory, on-farm experiments
and modelling to understand current practices and
systems; 3) explore (E) options for improving agricultural
productivity through analyzing trade-offs, opportunities
and constraints to adoption of technologies at multiple
scales through scenario analysis; 4) design (D) together
with farmers, by proposing and testing new configurations
of cropping systems, farm, and farming systems and land-
scapes that can contribute to ecological intensification of
smallholder agriculture systems. In this study, the DEED
conceptual framework is well suited, as the methodology
facilitates an approach, where knowledge gained from
the research can lead to positive action relevant to the
actual conditions and concerns of the stakeholders
involved. The approach combines both qualitative and
quantitative approaches to describe and explain the struc-
ture of the farming systems and understand differences in
perspective related to constraints and solutions perceived
by groups of farmers in the study area. The farmers’
direct involvement improves the understanding of the het-
erogeneity of the farming systems and decision-making in
general. We use the constraints and challenges to identify
and link specific ecosystem services to harness in order to
explore the potential of ecological intensification options
in improving agricultural productivity. Overall, our con-
ceptual model fits the purpose of the study by characteriz-
ing the farming system heterogeneity and foregrounding
where varying challenges help better understand the
context of the farming systems under study. This directly
assists in targeting appropriate technologies and guides
the development of ecological intensification pathways
tailored to smallholder agriculture.

Identifying different smallholder farm types in Ha
Lambani
In the context of the project, to identify farm types, we
used expert knowledge. An introductory meeting was
held with the senior agricultural extension workers to
request cooperation from the field-based extension
workers and to present the research objectives. These
were to (i) classify farms and farmers in the study area,
(ii) unravel and assess farming system performance and
efficiency levels, (iii) identify challenges and constraints
and (iv) identify opportunities to sustainably intensify
farming systems through ecological intensification tech-
nologies. Five key informants, field-based agricultural
extension workers based in the study area were identified
by the senior agricultural extension workers. Four of the
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agricultural extension workers specialized in crops and
one specialized in livestock. The agricultural extension
workers were informed that the objective was to classify
smallholder farmers based on predominant socioeconomic
characteristics, resource endowments and production
objectives. Thereafter, based on their expert knowledge,
in-depth experience of local communities and structure
of the local farming systems and landscape, local agricul-
tural extension workers identified the most important
sources of variation among farms, and helped define
three farmer types, given those variables (Table 1).
According to Kuivanen et al. (2016), the expert-based
approach for classifying farmers captures context-specific
aspects of farm complexity and has potential to enhance
local relevance and socio-cultural sensitivity aspects of
interventions. Nevertheless, the degree to which an
expert-based approach based on these variables can
predict actual behaviour in the context of rural develop-
ment has not been proven. The main limitation of the
expert-based approach in classifying farmers and farms
is that the reliance on local experts as sources of infor-
mation is not enough for comprehensive understanding
and analysis of complex and diverse farming systems, as
it can be potentially misleading and biased. Therefore,
the expert-based approaches need to be combined with
participatory and statistical approaches to retain objectiv-
ity and reproducibility. Acknowledging this limitation,
this work is only able to complete the initial steps of estab-
lishing a baseline to guide in exploring potential strategies
to promote or foster ecological intensification.

Identifying challenges, constraints and opportunities
for ecological intensification
We used a snowball sampling approach to identify farmers
representing each of the three farm types, to take part in
face to face interviews. Snowball sampling is arguably
the most widely employed method of sampling in qualitat-
ive research in various disciplines. Snowball sampling is a
non-random approach for locating information-rich key
informants to participate in a study (Palinkas et al.
2015). In this approach, the researcher accesses informants
through contact information that is provided by other
informants. Using this approach, agricultural extension
officers identified 40 potential interviewee farmer respon-
dents to represent the three farm types. Face to face ques-
tionnaire-based structured interviews were conducted with
the help of the agricultural extension workers, who
assisted in the translation of the questions and farmer
responses. The number of respondents was limited by
project resources and farmers’ lack of availability during
the interview period. Although a small sample, the in-
depth nature of the interview conducted has resulted in
informative quantitative and qualitative insight into
farmers’ views. The interviews sought information on
the estimates of farm size, cropped area, types of crops
grown, estimates of yields obtained, crop preferences
and production objectives. Farmers were asked to identify
major constraints and challenges to their current crop and
livestock farming practices. Farmers’ perceptions on their
potential solutions to their production constraints and
objectives were sought by means of open-ended questions.

Furthermore, through discussions with farmers, we could
identify key ecosystem services important to different
farm types in the study area. Owing to the small sample
size of farmers interviewed in each class, descriptive stat-
istical analysis was carried out on the survey data.

Results
Farm types and household characterization
Field based agricultural extension workers identified three
types of farms in Ha Lambani. The farms overlapped in
many characteristics but differed in their main source of
income. The farm types identified were namely: (1) the
cereal and livestock-based, (2) the horticulture-based and
(3) the off-farm income-dependent farms. Table 1 shows
the variables used to build the typology.

Type 1: Cereal and livestock-based farms
The cereal and livestock-based farms were large farms

(averaging more than 2 ha), with elderly household heads
(60 years old or more). Maize is the most cultivated crop,
whereas legumes and vegetables are minor crops in this
category. Livestock is a determinant factor, with farms
rearing mainly cattle and goats (10–15 cows and 5 goats
on average). Cereal and livestock activities contribute
most to the household income (75%), while social grants
and remittances come as a complement (25%).

Type 2: Horticulture-based farms
The horticulture-based farms are small, often less than

1.5 ha. They comprise mainly young household heads
ranging from 18 to 35 years of age. Vegetables are
mostly grown and maize (green mealies) is cultivated as
a minor crop. Most of the farmers in this category do
not own livestock. Income from horticultural activities is
the major source of household income.

Type 3: The off-farm income dependent farms
The off-farm income-dependent farms are average

sized farms, often between 1.5 and 2 ha. The household
heads are mainly farmers aged between 36 and 60 years.
They mostly grow maize and vegetables. Legumes are
grown as minor crops. They own a small herd of livestock
biased towards ruminants (5 cows and 5 goats on average).
The largest household income comes from salaries and
part-time jobs they engage in, in their local communities,
complemented in small portion by agricultural activities.

Farm types and farming system patterns
We interviewed 40 farmers, of whom 16 were cereal and
livestock-based farmers, 7 horticulture-based farmers
and 17 off-farm income-dependent farmers. The results
of the survey are summarized in Table 2. The interview
results revealed an estimated average farm size of more
than 2 ha for Type 1, 1.5–2 ha for Type 3 and less than
1.5 ha for Type 2, with Type 1 farms exhibiting the
largest average cropped area of 1.5 ha. Type 2 had the
smallest average cropped area of less than 1 ha. Maize
was the major crop grown by Type 1 and 3 farmers,
although no crop yield records were available in almost
all the households interviewed. The farmers estimated
that the yields obtained were very poor averaging 1 t/ha
and just above 0.5 t/ha for Types 1 and 3, respectively.
All farm types were involved in vegetable production
with only Type 2 farms growing vegetables as their
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major crops and primarily as a cash crop and a major
source of income. The results indicate that Type 2
farmers preferred to grow high-value horticultural crops
on a small area throughout the year. Types 1 and 3
farmers are involved in the production of legumes
(mainly cowpeas and groundnuts) and vegetables on a
small scale, mainly for household consumption and
rarely as cash crops. Furthermore, results from the inter-
views further affirmed that Type 1 and 3 farms are
involved in livestock production with Type 1 farms pos-
sessing the most animals and the largest cattle herds.
Type 2 farmers did not possess any cattle or small rumi-
nants, citing lack of capital to purchase as well as lack
of resources and labour to rear the animals. Type 2
farmers generally lack access to animal traction, resulting
in reduced crop area.

Chemical input use on all farm types was generally
low with Types 1 and 3 farmers applying between 1–3
bags of 50 kg inorganic fertilizers per hectare. Type 2
farms’ use of chemical inputs was higher when compared
to the other farm types and they applied an average of 8
bags of 50 kg inorganic fertilizer per hectare. This is
because horticultural crops are input demanding and the
farms lack of livestock means lack of organic fertilizers
to complement soil fertility. Type 2 farmers highlighted
that they relied on sub-optimal application of inorganic
fertilizers for soil fertility improvement and sub-optimal
application of agrochemicals for crop protection against
pest and diseases. Although income from social grants
helped Type 1 (cereal and livestock-based) farmers to
acquire some farming inputs, the low use by Types 1
and 3 is mostly due to fertilizer and herbicides cost and
access. Hence Type 1 and 3 farms relied on traditionally
low resource input methods of agriculture.

Type 1 farmers rely mostly on farming (sale of agricul-
tural produce and livestock) for income, although they are
recipients of government social grants for the elderly and
remittances from their children located in urban areas.
Type 2 farmers rely on producing and selling high-value
horticultural products, although most are also recipients
of child support grants. Type 2 farmers also highlighted
that financial returns from crops like maize, cowpeas
and groundnuts were often not worth the effort when set

against the risks of producing those crops under rainfed
conditions. Type 3 farms often engage in non-farm
based remunerated activities for household income, such
as craft-making, beadwork, carpentry, brick-moulding,
traditional beer selling and seasonal work. They engage
in agricultural activities to supplement household income.

Farmers’ perceptions of their current challenges and
constraints
The interview results revealed that all farm types face
varying challenges and constraints in their agricultural
activities, although poor seasonal rainfall distribution,
low precipitation amounts and lack of or poor irrigation
infrastructure (dilapidated) were common and major con-
straints among all the farm types. A significant proportion
of Type 1 farmers also cited poor access and high costs of
inputs, especially fertilizer, as a major constraint. Further-
more, they pointed out the shortage of livestock feed,
especially during the dry season and drought years,
leading to either loss of livestock or crop damage by live-
stock reaching for feed, or both. Type 2 farmers cited high
incidences of pest and diseases as a dominant constraint in
their cropping fields. In addition, Type 2 farmers pointed
out post-harvest losses and poor access to markets as
major constraints. Furthermore, they highlighted that
even if they had financial resources to acquire pesticides,
access to them was a challenge. Mechanization and
draught power were their major challenges to increasing
the area under crops. Type 3 farmers considered lack of
access to inputs, lack of livestock feed during the dry
season and drought years, and damage of crops by live-
stock during the dry season as significant constraints.

Perceived solutions to their farming constraints and
challenges
All farmers on all farm types proposed government subsi-
dies on agricultural inputs and improved irrigation infra-
structure as potential sustainable solutions to their
challenges and constraints. Type 1 farmers proposed
access to drought-tolerant varieties to help achieve
higher yields. Establishment of paddocks was cited to
allow their livestock to graze. Lastly, they highlighted
the need for access to financial loans or grants as they

Table 1: Variables used to construct the farm types.

Variable
Type 1: Cereal and livestock

farms
Type 2: Horticultural

farms
Type 3: Off-farm income-based

farms
Household size 5 3 5
Average number of children 3 1 3
Age of household head (years) >60 18-35 35-60
Level of education of household
head

No education Grade 12 Grade 12

Major source of income Farming Farming Salaries/ part time jobs
Other sources of income Grants & remittances Grants Farming
Average farm size >2 ha <1.5 ha 1.5 -2 ha
Average size of land cultivated 1.5 ha 1 ha 1 ha
Major crops grown Maize Vegetables Maize /vegetables
Minor crops grown Legumes /vegetables Green mealies Legumes
Average maize yields (t/ha) 1 t/ha 0.25-0.5 t/ha >0.5 t/ha
Number of cattle 15 0 5
Number of goats 5 0 5
Use of inorganic fertilizer 1-3 × 50 kg bags 4-8 × 50 kg bags 1-3 × 50 kg bags
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would facilitate the acquisition of much-needed irrigation
systems, machinery or inputs for improved crop pro-
duction. Type 2 farmers saw quick access to markets and
proper post-harvest handling facilities as direct improve-
ments to cater for their perishable horticultural products.
Furthermore, they pointed out the need for training in
local horticultural crop production skills. Type 3
farmers, for whom farming is supplementary to off-farm
income, consider that fencing of fields and establishment
of paddocks for their livestock to graze would greatly
improve their agricultural activities.

Identification of ecosystem services as a framework for
targeted ecological intensification
Using the interview results, three key ecosystem services
were identified for each farm type to improve agricultural
productivity (Table 2). All farm types identified soil and
water conservation as a key ecosystem service they
would benefit from towards increased agricultural pro-
duction. Type 2 farmers (horticulture-based) further
emphasized the need for improved water quality which
would translate into improved horticultural production.
A significant proportion of Type 1 (cereal and livestock-
based) and Type 3 (off-farm income-dependent) farmers
identified, nutrient recycling as a key ecosystem service
needed to improve soil fertility in their farming land-
scapes. Type 1 farmers further emphasized the need for
ecosystem services that improve availability of forage
and fodder for improved livestock production. Type 2
and Type 3 identified pest and disease suppression as a
key ecosystem service needed to reduce crop losses.

Discussion
The diversity of the farm types and farming system
patterns
The typology developed in this study combined both
expert knowledge and participatory approaches to

unravel the complexity and diversity in heterogeneous
smallholder farming systems. The clear differentiating
factors identified among farm types were farm size, farm
objectives and the major contributor to household
income, resulting in the three farm types (Table 1). The
results show that farming systems are driven by different
farming objectives that, in turn are shaped by various
factors such as agro-ecology, markets, institutions, and tra-
ditional land tenure and inheritance systems. These differ-
ent objectives influence the different farming system
patterns exhibited in different smallholder farm types. Of
these farm types, we found that Type 2 (horticulture-
based) farms were well distinguished from Type 1
(cereal and livestock-based) and Type 3 (average sized
off-farm income-dependent farms). The latter two types
showed intermediate properties and, hence, less
distinctiveness.

Cereal and livestock-based farm types have the
capacity to grow cereal and leguminous crops, use best
agronomic practices, including early planting, weeding
and application of organic manures or fertilizers, all of
which enhances the yield difference when compared
with off-farm income-dependent and horticulture-based
farm types, which have limited land and labour. Further-
more, the rearing of livestock is very important for satisfy-
ing food security in South Africa. Livestock represent the
most important store of value for farmers and the wealth of
a household can be measured by the number and type of
animals owned (Chaminuka et al. 2014). Livestock
herds owned by Type 1 (cereal and livestock-based)
farmers and Type 3 (off-farm income-dependent) farmers
provide animal traction and manure, thus putting these
farmers at an advantage in terms of agronomic perform-
ance, improved soil fertility and planting larger areas
when compared to Type 2 (horticulture-based) farmers.

Farmer income affects most decisions, including those
regarding adoption of farming practices which can require

Table 2: Challenges and constraints, solutions and the key ecosystem services needed to implement ecological intensification in the three
farmer types in Ha Lambani, Vhembe District, South Africa.

Farm type
Type 1: Cereal and livestock-

based farms Type 2: Horticulture-based farms
Type 3: Off-farm income-based

farms
Initial problems Poor rainfall Poor rainfall Poor rainfall

Poor/dilapidated irrigation
infrastructure

Poor/dilapidated irrigation
infrastructure

Limited/no irrigation
infrastructure

Shortage of livestock feed Limited draught power &
mechanization

Shortage of livestock feed

High input costs Limited access to inputs Limited access to inputs
Damage of crops by livestock Poor access to markets Damage of crop by livestock
Limited access to inputs High post-harvest losses Labour constraints

Proposed solutions Government subsidies & access
to finance

Government subsidies & access to
finance

Government subsidies & access
to finance

Rehabilitation of irrigation
infrastructure

Rehabilitation of irrigation
infrastructure

Access to irrigation
infrastructure

Access to drought tolerant
varieties

Access to markets Fencing of fields

Fencing of fields Technical know-how and skills
training

Paddocking of livestock

Paddocking of livestock Proper post-harvest handling training
and facilities

Ecosystem services
related issues

Soil and water conservation Soil and water conservation Soil and water conservation
Nutrient recycling Pest suppression Nutrient recycling
Forage and fodder Improved water quality Pest and disease suppression
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financial investment and can reduce short-term profitabil-
ity. The extension workers we consulted in Ha Lambani
segregated on-farm and off-farm income because the
source of income influences its connection to farm
business investment decisions. Type 1 farms rely mostly
on farming (sale of produce and livestock) for income
although they are recipients of government social grants
for the elderly and remittances from their children
located in urban areas. Financial and resource limitation
in Type 3 farms may often induce a shift in livelihood
strategies towards a higher dependence on off-farm
income. Type 3 farms, as mentioned above, often engage
in non-farm-based strategies such as craft-making, bead-
work, carpentry, brick-moulding, traditional beer selling,
and seasonal work as hired labour to supplement house-
hold income. This influences decision-making, cropping
patterns and farming practices. In semi-arid environments,
there is only a narrow window for obtaining the right
balance of agronomic practices that facilitates high
yields. Engagement in non-farm activities limits the
amount of time Type 3 farmers engage in cropping activi-
ties, resulting in delays in farming operations leading to
poor yields. These findings suggest income from
farming, off-farm income generating activities and social
grants play an important role in the livelihoods of people
in the study area. This is because the income from these
activities determines the livelihood strategies to be
adopted by the households.

A very small proportion of the rural population in Ha
Lambani makes a significant income from growing crops
such as maize, cowpeas and groundnuts. This has led
the few young people involved in farming to specialize
in horticultural crops, which are of high value with high
returns for income, in addition to the child support
grants they receive from government. Hence, Type 2
farms are horticulture-based and derive most of their
income from the sale of horticultural produce. An impor-
tant finding of this study that agrees with other studies is
that very few young people want to engage in cereal and
legume crop production in rural areas. This is because
agriculture is often perceived as an occupation of the
poor; hence, young people have little desire to be involved
in it (Leavy and Hossain 2014). Furthermore, these find-
ings highlight the importance of taking a comprehensive
survey of the production envelope, rather than focusing
only on blanket recommendations when targeting and tai-
loring agricultural interventions to local contexts. Techno-
logical interventions, development strategies and policies
to address the problem of poor productivity and reduce
poverty in smallholder agricultural systems must be
designed to target socially diverse and spatially hetero-
geneous farms and farming systems in rural South Africa.

Perspectives on underperformance of farming systems
As shown by the results, the different farm types tend to
experience the same major constraints. Poor seasonal rain-
fall distribution and amount, and poor or lack of irrigation
infrastructure were common constraints among all farm
types. This is because most smallholder farmers, if not
all farmers, in Ha Lambani depend on rainfall for their
agricultural activities. The unreliable and limited

availability of water and infrastructure for irrigation
increase reliance on rainfall, and its consequent unpredict-
ability affects farmers’ ability to decide, for instance, what,
when and where to plant their crops and make other farm
related decisions. The low mean annual rainfall of 500–
800 mm, high annual evaporation of 2000–2500 mm in
Ha Lambani (Botha et al. 2014) and recurring droughts
indicate most seasons experience crop water stress.
Limited irrigation infrastructure (dilapidated or malfunc-
tioning) further exacerbates the problem.

The limited access to seed, farming equipment, fertili-
zers and agrochemicals due to both physical and financial
constraints of poorer households translates into a limited
capacity to diversify their livelihood strategies by
growing either more water-efficient crops or higher-
return varieties. In Ha Lambani, declining soil fertility is
a major constraint being faced by smallholder farmers.
Although Type 1 and Type 3 farms rely on animal
manure for soil fertility improvement, the low nutrient
content of manure means larger quantities are needed.
Consequently, the average quantity of manure applied
was insufficient to achieve high yields. Furthermore,
manure alone may be an unsatisfactory source of nutrients,
especially for nitrogen and phosphorus, which are required
in large quantities, and are therefore rarely provided suffi-
ciently. It has therefore been suggested by Zingore et al.
(2008) that to sustain high crop yields, manure may
need to be combined with nitrogen-fixing legumes in
resource constrained low-input farming systems.

The importance of weed, insect pest and disease pro-
blems amongst Type 2 farmers arise from the impact
they have on farmers’ livelihoods due to the susceptibility
of horticultural crops to these biotic stressors. Smallholder
farmers in Ha Lambani operate in a resource constrained
environment in terms of both financial and physical
access to inputs such as pesticides and fertilizers. Further-
more, the demand for constant labour, herbicides and pes-
ticides, and the lack of a strong technical resource base and
skills for crop protection, further exacerbate the problem.
Technical agronomic and horticultural information relat-
ing to cultivar and seed choice, soil fertility, water man-
agement and pest management using cultural, biological
and chemical methods is also still lacking in rural South
Africa (Mpandeli and Maponya 2014). The smallholder
horticultural sector therefore requires support in the form
of improved access to technical pest management infor-
mation. Among other options, ecological intensification
can play an important role in managing pest and diseases
through biological control, such as use of natural enemies,
plant extracts and other sustainable integrated pest man-
agement (IPM) methods.

Despite numerous efforts to promote production of
high-value cash crops in smallholder agriculture as a
crucial step for improvement of food security towards
solving food security, most famers, including Type 2
farmers, cannot easily access cash crop markets to sell
their produce. The access constraint is amplified by lack
of or poor storage facilities, resulting in severe post-
harvest losses, and most smallholder farmers remain
excluded and marginalized from profitable markets and
information. Consequently, even those who can produce
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surpluses remain trapped in a poverty cycle, and often
these farmers are forced to sell their produce at lower
prices to unscrupulous buyers, who dictate accessible
market prices.

The low quality and quantity of available forages
during the dry season is a major constraint for improved
livestock production in Ha Lambani. As in many rural
areas of South Africa, the available grazing is not gener-
ally sufficient to meet the maintenance requirements of
grazing animals (Beyene, Mlisa, and Gxasheka 2014)
during dry periods. Although Type 1 (cereal and live-
stock-based) and Type 3 (off-farm income-dependent)
farmers use different feed supplements during the dry
season and drought years, issues of availability, quantity
and quality of feed remain and affect them as well. Lack
of feed is mainly attributed to land shortage, lack of
improved forage technologies and lack of awareness of
other feed technologies. The introduction of improved
forage technologies and improved feeding systems
adapted to the existing land use is necessary to reduce
feed availability challenges. Other livestock production
challenges in the area, such as poor access to extension
officers, who in turn, are often overcommitted and
under-resourced, and poor knowledge of pasture and
animal management should be addressed simultaneously
to fully realize the potential of intensified livestock
production.

Among the solutions mentioned by all the farm types
to the above-mentioned constraints and challenges are
increased government subsidies for agricultural inputs
and rehabilitation or improvement of existing irrigation
infrastructure. This confirms that most of the agricultural
activities are currently low-input systems relying on sup-
porting and regulating ecological process. Therefore,
improvement of smallholder agriculture through improved
ecologically based management strategies may indeed rep-
resent a viable and sustainable pathway to increasing resi-
lience and productivity despite limited government
support for smallholder farmers.

Opportunities for improved production through
ecological intensification
The limited government support combined with large
farming systems diversity makes ecosystem service
enhancement critical for building resilience and improving
food and nutrition security for smallholder farmers in
SSA. The farmer interviews identified four key ecosystem
services with high potential to improve agricultural pro-
ductivity in Ha Lambani. All farm types identified soil
and water conservation as a key ecosystem service to
increase agricultural production. Following recurrent
severe water shortages for both domestic and agricultural
sectors, better management of ecosystem services linked
to soil and water conservation offers clear potential to
increase agricultural production. This presents tremendous
opportunities for ecological intensification practices and
interventions such as minimum tillage, mulching and
water harvesting, among others (Kassam, Derpsch, and
Friedrich 2014), which make use of natural capital
within the soil. For instance, Thierfelder et al. (2015) col-
lated and summarized evidence on soil water storage

effects of minimum tillage, and various soil amendments
in smallholder agriculture in southern Africa. Horticultural
crops (Type 2 farmers) are highly dependent on water
quality and already use some form of irrigation. They
would therefore benefit directly and highly from a clean
and constant water supply.

A significant proportion of the farmers interviewed
identified nutrient recycling as a key ecosystem service
needed to improve productivity. This emerges from high
nutrient demanding main cereal crops, and Type 1
(cereal and livestock-based) and Type 3 (off-farm
income-dependent) would benefit from nutrient recycling
ecosystem services improving soil fertility. Ecosystem ser-
vices and processes that increase soil fertility can critically
improve common soil fertility depletion resulting from
low fertilizer use and high rates of nutrient mining
among smallholder farmers in South Africa and in the
region (Zingore 2016). This presents an opportunity for
ecological intensification through practices and interven-
tions that promote ecological processes and biological
diversity in those farming systems. Supporting and regu-
lating ecosystem services and processes, such as intercrop-
ping and crop rotation, can be incorporated into cropping
systems so that production is improved, nutrient flow and
soil fertility are enhanced and, at the same time, the need
for external inputs such as fertilizer, is reduced.

Provision of forage and fodder was identified as a key
ecosystem service they would benefit from to improve
livestock productivity. Currently, low quality and quantity
of feeds can be improved through ecosystem services and
processes that provide forage and fodder to Type 1 (cereal
and livestock-based) and Type 3 (off-farm income-depen-
dent) farms. Although ecological intensification is widely
documented in field crops, it is less well documented for
animal production (Loucougaray et al. 2015; Dubeuf,
Ruiz Morales, and Guerrero 2018). However, it presents
an opportunity for the development and operationalization
of ecological processes and services in resource con-
strained smallholder livestock systems. To foster such a
development and operationalization, we propose the intro-
duction of improved forage technologies, such as forage
legumes and crop residues that can fit into the existing
land use system coupled with improved feeding systems.

Lastly, Type 2 (horticulture-based) farmers identified
pest and disease suppression as a key ecosystem service
for improvement. Weeds, insects and pathogen infestation
are a major challenge to their horticultural farming activi-
ties, both through crop sensitivity and labour demand, as
well as input cost of treatment application. In Ha
Lambani where farmers’ access to and ability to purchase
chemical pesticides are limited, ecosystem services that
enhance natural pest control can significantly improve
quality and quantity produced. Dicks et al. (2016) sum-
marized evidence that identified practices that enhance
natural pest control in agriculture. In this regard, ecologi-
cal intensification approaches that make use of biological
processes (such as the use of natural enemies, push-pull
systems, or crop rotation, among others) to regulate the
pest population would enhance pest suppression and con-
tribute to crop protection. There is quite clear evidence of
the efficiency of these interventions, especially the push-
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pull systems (Khan et al. 2008; Midega et al. 2014). These
low-cost and environmentally friendly crop protection
strategies are particularly adapted to rural, resource con-
strained farms.

Conclusion
Plans for agricultural intensification need to consider the
differentiated patterns of livelihoods and landscapes
rather than considering whole areas as homogenous. The
study reinforces the heterogeneity of farming systems,
even among smallholder farmers in a relatively small
area of Ha Lambani, South Africa, which might be con-
sidered homogenous from a policy perspective. The
farms are clearly different in terms of their production
objectives, and biophysical and socio-technical con-
ditions. For agricultural intensification to take place in
such heterogenous smallholder agricultural areas, the
diversity of constraints and opportunities existing across
farm types needs to be addressed, by offering specific
and adapted agricultural enhancing technologies and inter-
ventions. Our study identified a few critical challenges,
which can be successfully addressed by the development
of specific ecosystem services. From the findings pre-
sented in this paper, ecological intensification needs to
exploit several services, and farms will benefit more
from harnessing specific adapted ecosystems services to
improve agricultural productivity.

Beyond Ha Lambani, for improvement of smallholder
agricultural productivity and livelihoods, we argue the
need for agricultural intensification. Ecological intensifi-
cation, due to its stability and limited costs, seems a prom-
ising pathway to intensify smallholder farming systems in
rural areas. One means to achieve this is by identifying,
developing and harnessing those needed ecosystem ser-
vices to enable its implementation. Furthermore, research
and specific attention should be devoted to the environ-
mental and social implications of proposed interventions.
This will enable evaluation of synergies and trade-offs if
ecological intensification is to be scaled to other environ-
ments and regions. This will enable appropriate ecological
intensification options to be identified to enhance agricul-
ture productivity, where agricultural and farming systems,
such as in smallholder communities, are so diverse that the
one size fits all approach has potential for only partial
improvement.
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