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Abstract

Background: In sub-Saharan Africa, small-scale farmers make up the majority of food producers. While recognizing

that the yields per hectare for main food crops are generally low in small-scale food production systems in this

region, there are considerable differences in yield output among individual farmers. At the very local scale, why do

these differences exist? By examining factors that are associated with yield differences, policy can be better

informed and tailored to respond to challenges of food production among this important group of producers.

Results: When the influence of biophysical factors is controlled by sampling farmers within the same environment,

the analysis distinguishes three clusters of factors with which food crop yield differences can be associated: the

input, management and socio-cultural clusters. In the input cluster, the use of basic inputs such as animal

droppings and improved seeds do significantly improve yields. However, there are constraints at farm and

household levels that may have to be overcome to optimize the availability and use of these inputs. In the farm

management cluster, the method of residue management and the control of pests and crop diseases are important

in determining yield differences. Issues of gender rights and access to agricultural production resources dominate

socio-cultural clusters.

Conclusions: Small investments that are properly targeted to improve basic techniques of farming can make an

appreciable difference in food crop yields and food security at the local level. While directed investments in services

such as extension may contribute significantly to propagate the use of some technologies (composting, residue

management, manure use), cost constraints limit the propagation of other technologies (advanced seed

development and improvement, production of inorganic fertilizers) to higher levels of food governance systems.

Women form an important population among small-scale farmers and play an indispensable role in food

production. Addressing constraints to their access to food production resources (physical, financial, cultural, legal)

would be a vital step towards sustainably improving food production. Present food demand trends in sub-Saharan

Africa offer an opportunity through which many small-holder farming communities can be drawn out of poverty if

some local-level challenges to yield improvement can be overcome.
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Background
The global demand for food is expected to rise steeply as a

result of burgeoning population, shifting dietary preferences

and increasing demands for renewable energy. In 2009 the

Food and Agriculture Organization of the United Nations

estimated that global food production must increase by

70% to meet demands in 2050 [1]. At the same time, cli-

mate change, water scarcity and land-use change are

expected to jeopardize continued increases in agricultural

production [1,2], thus making food security an emergency

that calls for a variety of policies and creative solutions at

global, regional and local levels [3]. The most important

prospects for increased food production in the near future

are seen in areas where the current land productivity is

significantly lower than the potential [4]. These differences

between actual and potential production are believed to be

especially wide in sub-Saharan agricultural systems where

large portions of the land are still under subsistence farm-

ing. This calls into question the efficiency of the food
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production process among small-scale farmers who form

the bulk of food crop producers in this part of the world.

The farm, managed by individuals, households and

common initiative groups, is the most basic unit of ana-

lysis for the food production system, agricultural trans-

formation and their associated problems. Natural

factors in terms of soils, water and climate are decisive

for creating, enabling or constraining bio-physical con-

ditions for food production [5]. Land and labor, on the

other hand, are the main social factors to be harnessed

through organization in terms of time management,

division of labor, cooperation and the deployment of

technology such as seeds, livestock, nutrients and

equipment [6,7]. These are local factors with which

farmers have to deal continuously as they engage in

food crop production. The local scale of food crop yield

characterization and analysis is therefore important.

This is especially true for developing countries where

agricultural development still depends heavily on direct

farmer-to-farmer interactions either as individuals or

within the framework of their common initiative

groups. Agricultural extension workers and other

agents of agricultural development and change still

undertake closer face-to-face interaction with farmers

in developing countries than in countries with mature

agricultural production systems. The management of

natural and human resources of agricultural production

at the very local level determines the success or failure

in closing the yield gap. This is the case of the world's

semi-arid and dry sub-humid savannah and steppe

regions, where the large yield-gaps are not a result of

limited water to support the predominantly rain-fed

agriculture per se, but rather are the result of inefficient

management of available water, soil and crops [8]. Mul-

tiple stressors contributing to food insecurity have been

identified at the global level [9]. Analysis at the local

level can unravel the multiple interacting constraints to

food crop production and factors that drive or sustain

the yield-gap.

This study asks the question of whether associations

can be drawn between farmer management practices as

well as the sociocultural characteristics of farming house-

holds and food crop yields. Using data derived from par-

ticipatory research, site studies and surveys, the article

presents the relationship between key biotic and abiotic

factors of small-scale farming systems and food crop

yields. In each case, attempts and challenges associated

with optimizing food crop yields are discussed at scales

ranging from the small-scale farmers’ level to the level of

national agricultural policy. An understanding of such

associations at the local level is important in guiding agri-

cultural development policy, the allocation of resources,

land-use planning, and planning for attaining present and

future food security needs of the community in question.

The context of food production in the Western Highlands

of Cameroon

Boyo is an administrative division in the North West

region of Cameroon. The North West and West adminis-

trative zones are situated in the Western Highlands agro-

ecological zone. The Western Highlands of Cameroon is

one of the five main agro-ecological zones of the country.

The area lies between latitudes 4°54'N and 6° 36'N, and

between longitudes 9°18'E and 11° 24'E. In 2006 the

population of Boyo Division was about 170,000 on a sur-

face area of 1,592 km2.

Biophysical context

The climate of the Western Highlands agro-ecological

zone is of the tropical humid mountain type. This climate

has two seasons: the rainy season that lasts from about

mid-March to October, and the dry season from Novem-

ber to about mid-March [10]. The annual rainfall varies

from approximately 1,300 mm in the plains to over 3,000

mm on highland peaks. Most of the agricultural activity

takes place during the rainy season since the region is

very poorly equipped with irrigation infrastructure, with

less than 3% capacity concentrated around the Ndop

Plain where favorable topography and the availability of a

dam combine to provide conducive conditions. Mean

monthly temperatures range from about 15°C on the

highlands to about 27°C in low-lying regions.

The terrain of the Western Highlands agro-ecological

zone consists mainly of plateaus and areas of depression

ranging from 1,000 to 2,300 m above sea level (Figure 1).

Weathered red, tropical, ferralitic soils dominated by low-

activity kaolinite clays and high quantities of sesquioxides

are the common agricultural soils of the region [11].

These clayey soils have a deep solum (several meters

thick), a reddish hematite subsurface, a weak macro-

structure and high friability, especially when dry [11].

Micro-aggregates in the soil reduce moisture storage at

field capacity, thereby limiting its available water capacity

[11]. The agronomic implications of this low capacity to

hold available water is that the soil is poorly equipped to

supply crops with much-needed moisture during periods

of drought and long dry spells that are increasingly com-

mon in the Western Highlands agro-ecological zone.

When low-input sedentary subsistence farming replaces

the natural vegetation over ferrasols, the stable natural

biogeochemical processes of nutrient cycling are dis-

rupted and the root zone (the upper 10 to 50 cm)

becomes rapidly depleted of plant nutrients [11]. Soil

fertility can be maintained by a combination of the appli-

cation of manure, composting, mulching, liming and the

use of inorganic fertilizers. In the Western Highlands,

however, the use of inorganic forms of fertilization and

the maintenance of soil health have neither been generally

widespread nor consistent due to patterns of land use
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and agricultural governance. Economic constraints limit

the use of inorganic fertilizers for a majority of the small-

scale farmers. The limited maintenance of soil chemical

and structural health has led to a general stagnation of

yields for most food crops over the last three decades.

Cases of reasonable yield growth per hectare for most

major food crops in the region are limited, notwithstand-

ing the large yield gaps that exist between farmers’ yields

and optimal yields.

Socioeconomic context

Over 80% of the active population is involved in farming.

Farms are generally small in size, approximately 0.5 to 2 hec-

tares per family. The economy of the Western Highlands

agro-ecological zone relies heavily on agriculture, as there

are relatively few alternative sources of employment. Not-

withstanding the large proportion of the population

employed by agriculture, the sector still depends heavily on

traditional practices of crop cultivation and farm manage-

ment. The agriculture is therefore still characterized by lim-

ited mechanization, low use of fertilizer inputs, high labor

inputs, limited soil conservation strategies and the general

absence of enabling infrastructure for agricultural develop-

ment. Farmers still rely heavily on the use of simple tools

(hoes, cutlasses, and spades) and techniques (manual weed-

ing, hoeing and harvesting). While nearly 80% of farming

households possess some form of livestock, just about 6%

practice grazing of livestock as a means of livelihood. A ma-

jority of the livestock kept are poultry and small ruminants

that are poorly integrated into the farming system. Land-use

pressures are growing, sustained by an annual population

growth rate of about 3% in the region [12]. Such pressures

are increasingly being manifested as conflicts between farm-

ers and grazers over land rights and inter-tribal strife over

farming land. Traditional land tenure laws make for unequal

rights of access to landed property based on gender. This in-

equality has far-reaching consequences for access to other

agricultural development resources for women.

Research methods

This study was part of a larger study carried out between

March and September 2011. The study was carried out in

three third-level administrative units of the Boyo Division.

The broad goals of the larger study were follows: to meas-

ure the gap between maximum attainable yields and yields

of average farms of smallholder agriculturalists; to identify

and rank the main reasons for the gap between maximum

attainable yields and yields on farmers’ farms as perceived

Figure 1 Officially delineated agro-ecological zones showing the locations of agricultural research centres in Cameroon and

administrative units of the Western Highlands agro-ecological zone. The broken lines represent isohyets of mean total annual rainfall.

Source: Institute of Agricultural Research for Development (IRAD). www.irad-cameroon.
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by the farmers; and to determine common land manage-

ment practices or sociocultural characteristics of small-

scale farmers that are associated with differences in crop

yields per hectare.

This paper focuses on the third goal – determining the

effects of common land management practices and

sociocultural characteristics of small-scale farmers that

are associated with differences in crop yields per hectare.

Fieldwork data acquisition

At the request of the researchers, a group of 36 farmers

voluntarily opted to take part in a more detailed study of

their farming system practices. Their selection was based

on a number of factors. They had to be full-time farm-

ers, living permanently in the community. The farmers

had to be practicing food crop cultivation (not cash

crops). Thirdly, they had to be willing to allow visits to

their farms and to share information on farming prac-

tices, problems and other information related to food se-

curity of their households and communities. Participants

were free to opt out of the study at any time by simply

informing the researchers of their wishes, and were not

obliged to provide any reasons for their decision. The

group was made up of 11 males and 25 females with

varying levels of formal education, ranging from having

no formal education to pre-university-level schooling.

They had an age range of between 38 and 65, and farm

sizes of between 0.5 and 2 hectares.

The underlying principles guiding interactions with

participants were aspects of farming system research

developed in the literature on participatory farmer–

researcher interaction [13,14]. These principles can be

summarized into three main views. First, most farmers

have an extensive knowledge of their production envir-

onment, crops, cropping practices and many of the asso-

ciated constraints. Secondly, most farmers learn from

their mistakes, and try out different practices that

minimize their susceptibility to similar errors. Thirdly,

most farmers are willing to share information on their

practices and reasoning behind them when the right at-

mosphere of trust and respect is provided. Guided by

these principles, the fieldwork and data acquisition took

three forms: farm visits, observations, and interviews.

For each of the households, informal semi-structured

interviews were carried out during pre-arranged visits at

their homes. During these interviews, issues related to

types and sources of farm inputs, influences on choices

of crops cultivated, types of farming techniques used,

and constraints associated with the use of these techni-

ques were explored. Farmers were also invited to discuss

issues regarding their integration into the larger context

of food production, such as input and output prices, ac-

cess to local and neighboring city markets, and so forth.

Farmers were accompanied at their farms through sev-

eral sessions of pre-arranged visits. The researcher partici-

pated in farm-related activities such as planting, weeding

and harvesting. These farm visits provided an opportunity

for informal discussions on different aspects of agricul-

tural resource use and constraints for individual house-

holds. The researcher also attended a number of meetings

of farming groups of which participating farmers were

members. Such attendance provided insights into the soci-

etal context of knowledge and resource sharing, as well as

the appreciation of challenges to food crop production be-

yond the immediate household of the participating farm-

ers. This method of active participation in the research

process provides an opportunity of interweaving field

observations with semi-structured interviews and open

questions, which is the basis of the method known as nar-

rative walks [15]. The goal was to derive sufficient material

to unravel cause–effect relationships that determine the

relationships between yields and different farming prac-

tices among smallholder farmers. Data were gathered on

the following aspects of farmers’ agricultural activities: use

of inorganic fertilizers, animal droppings, compost,

improved seeds and their associated problems and chal-

lenges; the role of factors such as gender, age and educa-

tion in the choices of crops cultivated, sizes of farms,

access to farm inputs, overall farm management and

yields; factors affecting farm management practices such

as intercropping, farm residue management, farm clearing

and choices of crops cultivated; and the yield of maize

(in tons per hectare) for individual farmers.

Different households presented different challenges, with

some warranting more visits than others before sufficient

data were derived to establish such relationships clearly.

Towards the end of the study, sufficient data were gathered

for 31 out of the 36 participating farmers. Five of the farm-

ers were either unavailable to participate sufficiently in the

process to permit sufficient accumulation of data on rele-

vant topics or were not completely available due to family

and other obligations.

The main crops cultivated in the study areas are maize

(Zea mays), beans (Phaseolus vulgaris), potatoes (Sola-

num tuberosum), banana (Musa sapientum), and coloca-

sia (Colocasia esculenta). Maize was chosen as the

indicator crop for this study. The association between

yields of maize and dominant farming practices has been

studied because maize is by far the most important food

crop of the region. Maize is the staple food crop of the

community and all traditional ceremonies in which food

is involved strongly depend on the maize crop. Over the

last half-century, new food crops have become more

common to access in the communities than they were in

the past. Maize has, however, remained indisputably the

main food crop cultivated and consumed by almost all

faming households.
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Data on farmer surveys and site studies

Data on field surveys of small-scale agriculture and site stud-

ies of yields were derived from research-oriented develop-

ment organizations in the study.

Data on yield differences between farmers practicing trad-

itional peasant farming methods and those practicing

enhanced methods were collected through Farmer Field

Schools (FFSs). As informal education structures, FFSs target

practicing farmers mainly (but not exclusively) in rural areas.

The goal of FFSs is to provide participants with knowledge

and techniques of integrated agricultural production. FFSs

draw on resources of the immediate natural environment to

develop tools and techniques that impart to participants a

mastery of their farming system, an understanding of existing

biological threats to food production within their locality,

and a basic understanding of the role of the abiotic environ-

ment in plant growth and health. Training takes a hands-on

and participatory approach, with farmers encouraged to

build on their local knowledge and skills as they learn techni-

ques of farm fertilization, water management, seed selection

and storage, proper methods of planting, crop care and har-

vesting, and other vital farming skills. The study of the effects

of training in FFSs was carried out by the National

Programme for the Development of Roots and Tubers in dif-

ferent parts of Cameroon (Table 1). The National

Programme for the Development of Roots and Tubers also

provided the data that are used to portray yield differences

based on different regimes of farm ownership and levels of

management for four tuber crops (Table 2).

The experiments and resulting data on yield differences

resulting from the control or noncontrol of diseases were

carried out by the state-owned Institute for Research in Agri-

culture and Development in 2005. These data (Table 3) re-

port yields of potato for Upper Farm, Bambui with and

without fungicide treatment. Yield (sprayed) indicates poten-

tial yields, and yield loss (disease burden) is a measure of the

percentage of produce that may be lost to disease in the ab-

sence of treatments – an indication of the loss that small-

scale farmers with limited resources to manage such diseases

may have to incur. The Institute for Research in Agriculture

and Development also provided data on the effects of differ-

ent regimes of residue management and fertilizer use when

grown in different crop combinations (Table 4).

Results
Associating yields with farming inputs

Four main inputs are identified in the small-scale farming

system in the study area. These are inorganic fertilizers,

animal droppings, compost, and improved seeds. The use

of these inputs is neither uniform among all farmers nor

constant from one agricultural season to the next. While

all farmers participating in the study admit to having

used all of these inputs at one time or another, not all

farmers used the different inputs within the study period.

Figure 2 Association of different agricultural practices to yields of maize. The dots represent individual farmers. Error bars represent means

with standard errors of means for groups of respondents. (N = 31).
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Use of inorganic fertilizers

The use of chemical fertilizers is associated with high mean

yield increases (Figure 2). However, it must be noted that

only 58% of the sampled farming population used any chem-

ical fertilizers. Also, only about 66% of those using fertilizers

were able to meet up to 50% of their fertilizer needs and

about 39% satisfied more than 80% of their fertilizer needs.

While some farmers may readily admit using inorganic ferti-

lizers, the amount used is therefore rarely sufficient to

achieve optimal results. Farmers also observe that the use of

inorganic fertilizers is not necessarily constant over time.

The ability to purchase and use fertilizers depends on the

condition of the household prior to and during the farming

season. Other needsmay use up limited resources during the

farming period and limit or prevent the household’s ability to

afford fertilizers.

Use of animal droppings

Approximately 48% of sampled farmers used animal drop-

pings, albeit insufficient in most cases (Figure 2). The use of

animal droppings is shown to have themost substantial asso-

ciation with high yields (Figure 2). This ranking is based on

comparison with the use of chemical fertilizers, improved

seeds, and plant vegetal waste products. Animal wastes bring

a cocktail of benefits to the poorly structured, low-nutrient

soils of this region. Studies have documented such benefits

[16,17]. Besides providing more nutrients per unit volume

relative to other organic fertilizer sources, animal droppings

improve the soil structure through enhancing aeration and

preventing compaction. The use of animal droppings there-

fore helps improve the soil’s moisture-retention capacity and

provides room as well as favorable conditions for the growth

of beneficial soil microbes [18]. Such improvements in struc-

ture, microbial composition and chemistry reduce erosion

and also help to prevent nutrients from leaching. Animal

wastes can be important in balancing extremes in high soil

pH of theWesternHighlands of Cameroon.

Use of improved seeds

Farmers who use improved seeds experience substan-

tially better yields relative to those that do not use them

(Figure 2). Farmers depend considerably on the quality

of their seeds for viable crops and a good harvest. The

traditional method of saving some of the previous har-

vest as seed for next year’s planting has gone on for

several generations in Cameroon’s Highlands Region.

Through such seed savings, smallholder farmers have

been able to conserve many of the genetic material that

has been used for several generations. Some of these

genetic materials have survived different environmental

challenges that the region has faced during this time. Re-

search into seeds with higher production potential, pest

resistance, drought tolerance and other beneficial traits

for the region is bringing about improvements in some

of the original seed stocks.

Use of vegetal waste (compost)

While the use of animal droppings may be seen as insuf-

ficient in such communities with limited access to chem-

ical fertilizers, the use of plant residues in terms of

compost is even lower. Farmers have the potential of

generating appreciable amounts of vegetal waste pro-

ducts that can serve as inputs to farming activities

through a variety of means. Vegetal matter with poten-

tial use as farm inputs can be derived from accumu-

lated household kitchen debris and from farms after

weeding and harvesting of crops. By converting these

products into compost and using it on farms, farmers

may reduce – and in some cases even provide all of –

their fertilization needs [19]. Notwithstanding efforts by

local authorities and local farming organizations at pro-

moting the production and use of compost as a cheap

and reliable source of farm fertilizer, only about 19% of

sampled farmers use this technology at varying degrees

of intensity (Figure 2).

Associating yields with dominant farming practices

In small-scale farming systems, the methods of plant residue

management and the practice of intercropping are important

in determining the availability of nutrients for plant growth.

Residue management here refers to the incorporation of the

plant material into the soil mix either in a decomposing or

burnt form with the aim of fertilizing the soil. This is an im-

portant process in cases where small-scale farmers have lim-

ited economic potential to acquire synthetic fertilizers.

Intercropping, on the other hand, is the practice of growing

two or more crops in proximity [20]. Intercropping is prac-

ticed for a number of reasons: as an insurance against crop

failure, to reduce the proliferation of plant pests, to enable

non-nitrogen-fixing plants to benefit from leguminous

mixes, and to sustain a harvest variety for home consump-

tion [21,22]. These two farm management techniques dom-

inate much of the smallholder farming landscapes in

Cameroon.

Forms of residue management and effects on yields

Burying of plant material below crop-bearing ridges

In this case, cleared vegetation is allowed to partially decom-

pose at the surface of the farm. The decomposed vegetation

is then gathered and laid in lines that eventually serve as

ridges for seasonal crops. Soil from between these lines of de-

composing vegetation is used to cover them, thereby forming

the ridges. The vegetation continues to decay within these

ridges for another 1 to 2 months before crops are planted on

them. The lines of furrows from where the soil has been

taken to form ridges for one season become ridges in the

next planting season when crop residues are placed in them
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and soil from previous ridges is used to cover the residue.

Farmers use basic tools (hoes) to form these ridges, making it

a very laborious task and limiting the scale of use to small

farms usually not larger than 1.5 hectares. The use of such

techniques on larger farms requires cooperative labor from

family, friends, or farming common initiative groups.

Localized surface burning of plant material

This is a localized process of burning plant residue on

the farm with the goal of temporarily increasing fertility

on a small patch and exploiting it for particular crops.

Surface burning is more predominant where plant resi-

due is plentiful and the process of burying all of it before

burning is time and labor demanding. This is the case

among small-scale farmers in the equatorial regions and

its fringes, where above-ground biomass is usually plen-

tiful. Burning is also the preferred choice for clearing the

farm when farmers have limited time to prepare the

farms for planting before impending rains.

Burying and burning of plant material (locally called

ankara)

Ankara is the process of burning dry plant residue under

a thin layer of soil. Ankara is a localized process prac-

ticed mainly among small-scale farmers and may involve

either one ridge or a few ridges of a farm. Even small-

scale farmers with land sizes <1 hectare rarely practice

ankara on the whole farm, because this technique is

such a localized, process mainly due to the limited avail-

ability of plant residue. Farmers see it as a process of

concentrating plant nutrients on limited spots to

optimize their use in high nutrient-demanding crops.

When averaged over fertilizers and cropping patterns, the

burning of plant residue on the surface results in 20.5%

greater yields than burying, while burning underground

resulted in 80% greater yields than burying of plant residue

(Table 1). The burning of plant residue underground resulted

in significantly higher yields when compared with other

methods of residue management at all fertilizer levels

(Table 1). The exception to this is when 200–120–120 nitro-

gen:phosphorus:potassium fertilizer is applied in cases where

residue was burnt on the surface. In this case, the increase in

yields of 8% is not significant. Themost significant difference

among residue management techniques, however, is when

residue is burnt underground with no fertilizer applied. The

result is a sixfold increase in yields, which is 0.867 tons/hec-

tare for burying residue, compared with 6.283 tons/hectare

for burning residue underground (Table 1). Notwithstanding

the relative profitability of practicing the burning of plant

material underground as a residue management technique,

it cannot be adopted on awhole-farm basis formany farmers.

This is because farmers cannot obtain enough plant material

to produce sufficient ash yield to make a difference for the

entire farm, and hence specific spots are chosen to make use

of the limited ash produced from burying the limited amount

of plant residue.

Use of intercropping

Intercropping is a common feature of smallholder agri-

culture in Cameroon. Among the farmers studied, about

94% practice intercropping. While the crop combina-

tions with which intercropping are practiced differ from

one agro-ecological zone to the next, many characteris-

tics of this practice are the same nationwide. Intercrop-

ping is carried out mainly on small farm sizes, generally

Table 1 Effects of residue management and fertilizer use on maize yields in different crop combinations

Residue management Fertilizer level
(kg/hectare)

Cropping pattern (intercropping) Yields (tons/hectare) Residue
management

mean
Maize Maize and colocasia Maize, colocasia and beans

Burying of plant material 0–0–0 1.041 0.666 0.894 0.867

100–60–60 5.191 4.395 3.921 4.502

200–120–120 6.029 6.18 6.068 6.092

Mean 4.087 3.747 3.628 3.82

Burn plant material on the surface 0–0–0 1.754 1.555 1.166 1.492

100–60–60 6.217 5.488 5.389 5.698

200–120–120 7.11 7.399 5.389 6.633

Mean 5.027 4.814 3.981 4.607

Bury and then burn plant material 0–0–0 6.257 6.11 5.981 6.116

100–60–60 7.593 7.385 6.943 7.307

200–120–120 7.252 7.198 6.977 7.143

Mean 7.034 6.898 6.634 6.855

Cropping Pattern Means 5.383A 5.153A 4.748C

Coefficients of variation: residue management = 20.27%, fertilizer = 12.15%, cropping pattern = 10.05%. LSD0.05 residue management = 0.595. Means in a row

followed by the same uppercase superscript letter are not significantly different at the 5% level according to Duncan's new multiple-range test. Fertilizer ratios

represent nitrogen-phosphorus-potassium.
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those <2 hectares. Most intercrop mixes contain one le-

guminous crop. Crops within an intercrop are selected

based on their importance for household consumption –

the more market-oriented the farming, the less the var-

iety of crops in the intercrop. While there are cases

where food crops are intercropped with cash crops, the

practice is predominantly carried out by food crop

farmers.

The small size of farmland is one of the main motiva-

tions for the practice of intercropping. For a sample of

31 smallholder farmers, the mean size of the area culti-

vated is 0.9 hectares with a standard deviation of 0.39.

Since most of the households depend heavily on farm

production for most of their food, they tend to cultivate

as much variety of food as the small farm portions can

support. Intercropping is therefore an important aspect

of livelihood diversification with the potential of diversi-

fying the food basket of small-scale agricultural produ-

cers. Diversification of food and income sources is

critical for economically deprived rural livelihoods in

this region [23].

Yields and the control of diseases

Blight is an important plant disease for food crop producers

in Cameroon. A soil-borne plant infection that is common

in the Adamawa, west, northwest, and southwest regions of

the country, blight can also be transmitted through infected

seeds. Early blight occurs between November and February

(the dry season) while late blight occurs between March

and October (the dry season). Blight has been reported as

the most important disease accounting for the most signifi-

cant losses in common food crops of this region, such as

garden huckleberries, potatoes, eggplant, and tomatoes

[24-26]. Yield losses caused by late blight foliage infection

can reach 71% in potato, 100% in tomato and 45% in

garden huckleberry [27]. Potato tubers in storage can also

be susceptible to blight when they are harvested from

infected soils [24,26]. Tests on 10 common potato varieties

at Upper Farms, Bambili show a mean yield loss from the

burden of disease of 23.3% with a median of 22.2% and

standard deviation of 14% (Table 2). Access to knowledge

and resources to contain blight infection can therefore

greatly determine the gap between optimal yields and

disease limited yields.

Yields and the sociocultural dimension of households

Gender perspectives of yields

The mean yield from male-managed farms is 1.8 tons/hec-

tare of maize relative to just below 1 ton/hectare from

female-managed farms (Figure 3a). The mean yield of 1

ton/hectare for female-managed farms has to be appre-

ciated within the context of the overall data spread: about

60% of female farmers have yields that are at or below the

25th percentile (Figure 3a). These lower yields on female-

managed farms are a reflection of the differences in factors

of agricultural production (inputs and management) be-

tween genders. More than 85% of males used inorganic fer-

tilizers in crop production, relative to about 54% of females

(Figure 4). Also, males on average provided up to 60% of

the optimum fertilizer needs for their farms while

females provided approximately 30%. Such differences

are also found in the use of other inputs and techniques

that do have positive effects on crop yields, such as the

use of compost, improved seeds, and animal droppings

(Figure 3b).

Problems faced by women in Cameroon’s agriculture are

very much akin to those faced by women in the rest of sub-

Saharan Africa. Women share the burden of farm work in

most households, yet they hold fewer agricultural assets

such as farm tools and equipment of diverse farm-related

activities than their male counterparts [28,29]. The trad-

itional gender division of labor can also serve to explain the

differences in crop yields between males and females. In

Cameroon there is a gender division of labor that ascribes

the roles of childcare and household care to women

[30,31]. These roles are time consuming, thereby reducing

the availability of women for activities that may improve

their performance in agriculture such as the preparation of

compost or collection or animal droppings. Another aspect

of the gender division of labor in the agricultural sector is

in the types of crops cultivated by male and female farmers

[30]. In the North West region, men predominantly culti-

vate traditional cash crops such as coffee, bananas and a

variety of fruits, while women cultivate staple food crops

principally for household consumption. While men readily

derive income from the sale of their produce, a portion of

which they can reinvest on their farms, women can only

sell if surpluses persist after household consumption.

Table 2 Mean yields (in tons per hectare) of potato with

and without fungicide treatment

Clone/
variety

Yield (unsprayed) Yield (sprayed) Yield loss
(disease

burden) (%)
(tons/hectare) (tons/hectare)

39 10 65. 81 17.97 24.06 25.3

39 30 75. 54 20.05 25.1 20.1

39 36 17. 54 19.93 29.36 32.1

39 33 71. 58 19.22 22.84 15.8

39 55 24. 9 18.03 38.15 52.7

39 10 47. 34 16.39 18.95 13.5

39 26 57. 8 20.67 21.1 2

39 15 80. 30 14.98 19.78 24.3

39 10 65. 69 16.25 26.53 38.7

39 33 49. 68 15.14 16.53 8.4

Yield (unsprayed), no disease control; yield (sprayed), yields in which diseases

are controlled; yield loss, measure of the percentage of produce that is lost to

disease in the absence of treatment.
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Yields and level of education

An association exists between having some level of educa-

tion and yields. While the difference between having a

post-secondary school level education and an elementary-

level education is minimal, the difference between A-level

and no education is considerable (Figure 5). Also consid-

erable is the difference between no education and elemen-

tary education (Figure 5). In the group of farmers studied,

approximately 23% had received advanced formal educa-

tion (post-secondary), 25% had elementary education and

52% had received no education. The data show some rela-

tionship between having some level of education and the

use of inputs such as animal droppings, improved seeds

and fertilizers. This may be because education enables

farmers to access information on the potential benefits

and drawbacks of available technologies. Farmers with

some level of education tend to be more willing to test

and adopt yield improvement technologies [32]. These

farmers may therefore be in a position to distinguish more

readily between what would provide better returns for

their investments in labor or capital for different options

at their disposal.

In Figure 5 the differences in yields between farmers

that have undergone formal education and those who

have not is less substantial than it is for other variables

(such as the use of fertilizers, improved seeds, animal

droppings). This inequality may be explained by other

more subtle differences, such as the accumulated farm-

ing experience among older uneducated farmers. Older

farmers can draw on their long years of farming experi-

ence in the region in managing a number of production

constraints such as crop pests, nutrient conservation,

incidences of dry spells and seed selection.

Figure 3 Yields and gender in food crop production: (a)

Association of gender and yields of maize, (b) Association of gender

and the percentage of fertilizer need met, (c) Association of gender

and area cultivated. Dots represent individual farmers. F = Female

and M = Male. Error bars represent means with 95% confidence

intervals for different groups of respondents (N = 31).

Figure 4 Percentage of individuals that used different farming

inputs and techniques within different genders. Males, n = 6;

females, n = 25.
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Education that can have a meaningful impact on

agricultural productivity may not necessarily be formal.

Opportunities for learning and skills development,

such as FFSs, can make a difference. Farmers that

have undergone some informal training in farming

(through FFSs) will generally obtain significantly higher

yields than those that have not (Table 3). Cases

where farmers using traditional nonoptimized farming

methods can yield more than those with trained skills,

such as is the case in Lobo, are uncommon (Table 3).

FFSs have proven to lead to significant positive out-

comes with regards to food production per hectare,

the adoption rate of new technologies and agricultural

income [33].

Yields in relation to farm ownership and level of farm

management

Yield differences are mirrored in the system of farm own-

ership and management (Table 4). Generally, low yields

are associated with female-managed farms. Farms owned

by female common initiative groups and male-managed

farms produce intermediate to high levels of yields. Young

farmers with specialized (not necessarily formal) training

in food crop cultivation produce the highest yields

(Table 4). The system of farm management can be divided

into four levels: level 1, with limited inputs including

poorly sourced planting material and dominantly trad-

itional farming methods; level 2, with locally sourced soil

improvement inputs (compost, manure) and planting

materials with basic traditional farming methods; level 3,

with moderate soil improvement inputs (fertilizers, com-

post, and manure) including planting material from spe-

cialized sources, improved farming methods, and limited

or no control of diseases; and level 4, with optimal soil im-

provement inputs (fertilizers, compost, and manure) and

planting materials from specialized sources, improved

farming methods, and control of diseases.

The low yield from female-managed farms is also

associated with low levels of management, while male-

run farms receive high levels of management and are

consequently associated with high yield outputs (Table 4).

Worthy of note is the fact that, at the same levels of

management, farms of female common initiative groups

are associated with higher yields than individual female-

managed farms. In this case, these differences can be

explained by two main reasons. Firstly, collaboration

towards a common cause by female common initiative

groups entails mobilizing greater inputs of labor to

tackle farming chores in a timely and efficient manner.

This collaboration also means that the deficiencies of

individuals within the group can be supplemented by

the strengths of other members during the farming

process. Increasingly, national agricultural development

institutions have tended to appreciate the role of com-

mon initiative groups and cooperatives in fostering food

production at grassroots level.

Figure 5 Associating yields of maize and level of formal

education. None, no education; basic, elementary-level education;

high, post-secondary education.

Table 3 Yield differences between farmers using traditional peasant farming techniques and those using integrated

farming techniques developed at Farmer Field Schools (FFSs)

Location Mean yield (tons/hectare) Relative difference in yield

Peasant practices FFSs integrated practices

Nyalla 17.9 (± 4.07) 46.9 (± 3.51) 62% ***

Mbalangi 23.1 (± 3.17) 26.3 (± 3.29) 12% NS

Bali 13.5 (± 2.73) 15.8 (± 2.51) 14% NS

Bilik 29.5 (± 3.84) 45 (± 3.79) 34% **

Lobo 43.7 (± 2.95) 23.6 (± 2.77) −85% ***

Andom 52.2 (± 3.25) 74 (± 3.52) 30% **

Timangolo 43.2 (± 1.94) 56 (± 2.11) 17% *

Meiganga 8.1 (± 1.54) 33.1 (± 2.09) 75% ***

Bemboyo 11.9 (± 3.11) 45.6 (± 2.61) 74% ***

*Minimally significant difference. **Significant difference. ***Highly significant difference. NS, nonsignificant difference.
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Choice of crops to cultivate and implications on yields

The process of decision-making in households on types

of food crops to plant is very complex. Mapping out the

complete system interaction of variables associated with

decision-making on the choice of crops that farmers de-

cide to grow at each time may be very challenging. How-

ever, it is possible to identify the main factors that are

considered before these decisions are made (Figure 6).

An understanding of these factors is important in reveal-

ing the motivation for cultivation of different crops.

Given the heavy dependence of small-scale farmers on

natural factors for agricultural production, one may ex-

pect to find that where agro-ecological suitability for the

cultivation of a particular crop drives its production, the

Table 4 Yield differences by farm "ownership" and management system for major tubers in Cameroon's Western

Highlands agro-ecological zone

Crop Yield (tons/hectare) Percentage of farms Dominant system of farm ownership and management level

Cassava 1 to 2 37 Female-managed farms [1]

2.1 to 4 13 Female-managed farms [2]

4.1 to 5 14 Farms of women's common initiative groups [2]

5.1 to 6 31 Both female-managed and male-managed farms [3]

6.1 to 10 5 Male-managed farms; farms of women’s common initiative groups [4]

Yam 1 to 2 10 Female-managed farms [1]

2.1 to 4 3 Female-managed farms [2]

4.1 to 6 5 Farms of women's common initiative groups [2]

6.1 to 10 82 Farms of young males, trained, dynamic and specialized [4]

Sweet potatoes 1 to 2 9 Female-managed farms [1]

2.1 to 5 12 Female-managed farms [2]

5.1 to 7 17 Farms of women's common initiative groups [2]

7.1 to 12 48 Farms of male and female common initiative groups [3]

12.1 to 30 24 Farms of young males, trained, dynamic and specialized [4]

Solanum potatoes 5 to 9 43 Female-managed farms [1]

9.1 to 19 13 Both female-managed and male-managed farms [2]

19.1 to 25 15 Both female-managed and male-managed farms [3]

21.1 to 30 14 Male-managed farms and farms of women’s common initiative groups [3]

>30 15 Farms of young males, trained, dynamic and specialized [4]

Figure 6 Farmers’ ranking of main factors considered before deciding which types of food crops to cultivate. 1 = lowest rank, 7 = highest rank.
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gap between maximum attainable yields and farmers’

yields is likely to be smaller. On the other hand, where

cultural demands predominate over agro-ecological suit-

ability in farmers’ decisions about which crops to culti-

vate, the gap between maximum attainable yields and

farmers’ yields is likely to be larger. Figure 6 shows a

strong influence of cultural demands on the choice of

crops that are cultivated. The cultivation of crops be-

cause they constitute the staple food ranks highest in

farmers’ consideration when they make decisions on which

crops to cultivate (Figure 6). The basis for estimating the

yield gap based on agro-ecology and culture as major dri-

vers of the choice of crops cultivated is dependent on the

assumption that there is little or no yield-enhancing input

in agriculture. This assumption is true for a majority of

smallholder farmers in Cameroon, as it is for most regions

of West Africa and Central Africa [34].

Other important factors determine farmers’ choice of

crops and are neither directly cultural nor agro-ecological.

These factors tend to be more economic and social in na-

ture. They include the availability of seeds, the size of agri-

cultural land, payment for hired labor, the availability of

family labor, destruction by livestock, crop theft and the

cultivation of crops primarily for sale (Figure 6). Important

to note is that, at the very grassroots of rural smallholder

production, the farming of food that is staple for house-

hold consumption remains the main driver of choice for

crops to cultivate (Figure 6). Being a household staple food

is the most important consideration, ranked highest at

seventh on a 7-point scale relative to agro-ecological con-

siderations such as closeness to water source and pro-

blems of rainfall, ranked second and third on a 7-point

scale (Figure 6). Other agro-ecological considerations such

as problems of pests and soil suitability do not feature in

farmers’ lists of considerations.

Discussion
The challenge to access and use of inorganic fertilizers

The main impediment to fertilizer use among smallholder

farmers is its high cost. Access to the right quality of fer-

tilizers in sufficient quantity is therefore beyond the reach

of many smallholder farmers. Fertilizer prices have been

increasing steadily since 1967 (Figure 7). These general

trends hide some inter-annual price variations that have

had serious consequences for food crop production on an

annual basis. Within 1 year, from 2007 to 2008, muriate

of potash (KCl) diammonium phosphate ((NH4)2PO4))

witnessed an increase of more than 153%. In the same

light, diammonium phosphate experienced a 146% price

increase in the 5 months from February to June 2008

[35]. The low fertilizer use rates in countries of sub-

Saharan Africa are seen to be ineffective for sustaining

soil fertility and crop growth [36,37]. This is considered

one of the main reasons for the stagnation of agricultural

growth in sub-Saharan Africa over the last 40 years

[36,38,39].

Fertilizer use has the potential to improve income

from farming and to enable farmers to become less vul-

nerable to crop failures and food shortages. Since the

2008 food price crisis, the Government of Cameroon

has initiated a number of initiatives aimed at making in-

organic fertilizers more affordable to smallholder farm-

ers through price subsidization. Fertilizer subsidies are

seen to be a less reliable and less sustainable approach

to meeting national and regional soil improvement goals

for a number of reasons. Besides preventing the develop-

ment of competitive markets, fertilizer subsidies create

fiscal burdens on states in the developing world that

may already have a number of economic challenges to

contend with [36,40]. During the 2010 Ebolowa Agro-

Pastoral Show (a national agricultural event to showcase

Figure 7 Real retail prices per metric ton of two main fertilizer types used in Cameroon. Real prices are derived by adjusting for inflation,

using 1990 as the base year. Data from 1968 to 2001 are derived from FAOSTAT, accessed in February, 2012. Data for 2010 is derived from

fieldwork interviews, carried out in September, 2011.
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the country’s potentials and revisit its challenges), the

government committed itself to increasing farmers’ ac-

cessibility to inorganic fertilizers by creating a favorable

environment for private investment in this sector. A

more long-term development of the national capacity to

supply the country’s fertilizer needs can greatly change

the pace of food crop production, especially if combined

with the improvement of delivery infrastructure. Provid-

ing an enabling environment for meeting the country’s

fertilizer needs is seen to be a more sustainable alterna-

tive to subsidies [40].

Constraints on optimizing the adoption and use of

organic fertilizer alternatives

In the face of prohibitive prices of inorganic fertilizers,

attempts at different levels have been made to harness

the organic fertilizer potential of small-scale farming sys-

tems to improve yields. While farmers recognize that the

soils are generally poor and that the use of organic

fertilizer sources such as animal droppings and waste

plant residue could be beneficial in improving soil or-

ganic matter, the adoption and use of these technologies

is neither consistent nor optimized. This may be

explained by the level and system of integration of live-

stock rearing and food crop production. The system of

animal rearing is practiced in a loose mixed-farming sys-

tem that does not optimize the process of collecting

droppings. This farming system does not functionally in-

tegrate livestock rearing to food crop production. Live-

stock is left to range free during the noncultivation

period and is tethered outside the compounds in the

cultivation season. The grazing of animals on farms to

take advantage of post-harvest crop residue is not sys-

tematic. This lack of system is partly explained by the

small farm sizes, which cannot sustain grazing beyond a

few weeks during the 4 months of the noncropping sea-

son, and the practice of harvesting some crop parts with

fodder potential (such as maize stalks) for household use

as a supplementary fuel source. Grazing animals on a

free range basis reduces the potential for gathering drop-

pings and using them as farm fertilizer. The labor

demands for adopting and using these technologies

are therefore not encouraging for smallholder farmers

[18]. In the same light, the use of crop residue-based fer-

tilizers is challenged by the system of small-scale farm-

ing. The bulkiness of the material and its implied

associated cost of transportation to farms seem to dis-

courage wide adoption of this means of fertilization [41].

By combining sensitization with access to transport in-

frastructure in terms of farm-to-market roads, optimal

results may become more feasible [42]. To obtain opti-

mal adoption and use of animal-based and crop-based

fertilizer alternatives, increased sensitization is important

but not sufficient. Redesigning small-scale farming

systems to optimize livestock–food crop interactions

and linkages may have to be improved [19,43,44]. Also,

improvements in local delivery systems, in terms of farm

inputs, can be beneficial.

The role of efforts at improving seed quality

Good quality seeds as an input into small-scale farming

systems have proven to be instrumental in yield

improvements. The replacement of traditional varieties

of the world’s most consumed cereals, in association

with improved farm management practices, was instru-

mental in driving and sustaining the Asian Green Revo-

lution [39]. In 2005 the Support Program for Production

and Distribution of Seeds and Planting Materials (PAP-

DIMAV) was put forward by the Government of Camer-

oon to enhance farmers’ access to better quality seeds

[12]. Together with the state institution in charge of

agricultural research (the Institute for Research in Agri-

culture and Development), the government trains and

provides materials to stimulate local interest in produ-

cing and selling high-quality seeds at affordable prices to

smallholder farmers. Such seed production at a local

level provides income to households engaged in seed

production, but also encourages the use of higher quality

seeds for food production among food crop farmers.

The challenge is not only to develop and disseminate

new seed varieties that increase yield per hectare [3].

Such an approach failed with maize seeds in Ghana and

Cameroon in the 1990s [32]. Rather, varieties should re-

spond to local socioeconomic and cultural demands

such as taste and storage potential. To be sustainable,

varieties also have to respond to growing environmental

challenges in this area such as longer dry spells, nutrient

use efficiency, demand for crops and stability of yields.

Such socioeconomic and environmental challenges are

not static, but change with time. While important, the

private sector is insufficient in guaranteeing a sustain-

able long-term solution for a viable seed sector in Cam-

eroon, given the present level of socioeconomic and

technological development. Also, the policy framework for

integrating input markets and output markets is beyond

the direct scope of influence of smallholder farmers

and demands state-level intervention. The development of

better input markets and delivery systems for new tech-

nology, extension services and information can only trans-

late to improvements in food production, food security

and livelihoods when combined with reliable commodity

markets for farmers’ produce.

Vulnerability to agricultural pests and diseases can

perpetuate a cycle of low yields

With small surplus margins, farmers tend to safeguard

against crop pests and diseases through practices such as

intercropping. One of the main reasons for practicing

Yengoh Agriculture & Food Security 2012, 1:19 Page 13 of 17

http://www.agricultureandfoodsecurity.com/content/1/1/19



intercropping is to minimize the potential of total crop fail-

ure that may result from infestation by pests. Crop pests

have constantly been a feature of agro-ecological systems,

and farmers in different parts of the world have developed

a wide variety of strategies for coping with them. Losses

from crop pests are currently estimated at about 16% of

crop production worldwide [45]. Such losses can be par-

ticularly important to small-scale farmers in poor parts of

the world, given their limited surplus margins. With global

climate changing, studies have identified the emergence of

new patterns for the distribution of crop pests around the

world [46]. An increasing fear is that climate change may

indirectly exacerbate future food security and the stability

of food supplies through this new pattern of distribution of

pests and diseases [6,47]. The need to optimize surveillance

on the emergence of crop diseases and the development of

optimal disease management strategies based on future cli-

mate scenarios have been urged [1,46]. Such strategies may

include the development of disease-resistant crop strains;

adapting and optimizing farming methods and systems

that minimize the proliferation of pests; providing access

to sustainable pest management strategies; and developing

affordable tools and systems of crop protection [3,48]. In

the absence of such strategies, food production and secur-

ity for subsistence farmers in marginal environments, such

as sub-Africa and Asia, who cannot afford expensive crop

protection chemicals may be severely threatened by cli-

mate change [1].

The indispensable need to fix the gender situation within

small-scale farming systems

There has been an encouragement for the inclusion of

elements of gender into the framework of systems to sup-

port the development of Africa’s Green Revolution [38].

Through a number of projects in the National Strategy

for the Development of Agriculture and the Rural Sector,

the Government of Cameroon is attempting to address

elements of gender inequality in access to resources

for agricultural development [12]. These projects have

increased women’s access to a number of inputs that

would otherwise not have been available to them. Projects

such as the Support Program for Agricultural Organiza-

tions (PAOPA) and the Project for Capacity Building of

Communities (PRCCOM) have revitalized local-level co-

operation between women within their common initiative

groups and cooperatives [12]. Cooperation has also been

invigorated between such groups and beneficial govern-

mental as well as nongovernmental organizations. Thanks

to such cooperation and related innovations, women are

increasing their surpluses and increasingly incorporating

market-oriented dimensions into their farming activities

[30]. However, in other important domains, such as ac-

cess to landed property and titles, the gender bias still

prevails, especially in rural areas.

Implications for food security in sub-Saharan Africa

Studies have emphasized the need for major changes in

the global food system in order to meet the twin chal-

lenges of feeding a growing world population with

changes in dietary preferences while simultaneously

minimizing the environmental footprint of agriculture

on the earth’s natural life-support systems [3,49,50].

Without concerted efforts and resources, the potential

for attaining the first Millennium Development Goal –

namely that of halving global poverty by 2015 – is esti-

mated to be unattainable in sub-Saharan Africa, where

approximately 239 million people are estimated to be

suffering from hunger and malnutrition [3]. In most of

sub-Saharan Africa, where the gap between actual crop

yields and potential yields remains large, the potential

for agricultural productivity growth is considerable. The

per-capita growth rate of agricultural gross domestic

product was negative in the 1980s and 1990s for many

African countries [39]. Some improvements have been

noted since 2000, albeit gained from the expansion of

cultivated land for major food crops [39,51]. This study

shows that small changes in the system of food produc-

tion could have considerable outcomes on yield per hec-

tare and hence overall productivity of small-scale

farming systems. The concept of sustainable intensifica-

tion suggests that productivity can be improved by mak-

ing better use of existing resources (even at local-level

small-scale farm production systems) [50]. The data sup-

port the supposition that increasing the adoption and

optimizing the efficiency of simple farming practices

such as the use of compost and animal droppings can

make a difference in household farm yields (Figure 2).

While it is important to examine the role of all compo-

nents of food security (availability, access, stability and

utilization) in achieving this first Millennium Develop-

ment Goal, improving food production (the availability

component) for the African small-scale farmer remains

one of the biggest and most important challenges. This is

because low levels of agricultural productivity are at the

root of the problems of food security in sub-Saharan Af-

rica [3,52,53]. The provision of food aid has been the most

common response to problems of food shortages increas-

ingly being experienced in the continent. Such short-term

measures must not be forgone for long-term, more sus-

tainable strategies for attaining higher levels of food secur-

ity. The prioritization of policies that provide farmers with

access to food production training, local and regional mar-

kets, as well as access to affordable farm inputs such as

fertilizer and improved seed, has the potential to enable

farmers to grow food to feed themselves, to sell surpluses

and to diversify into high-value crops that enable them to

break the poverty trap [53,54]. The place for and role of

agriculture as a foundation and engine for economic

growth has been intensively scrutinized and appreciated
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by scholars since the early works of Boserup [55-57].

Today, the African continent seems to offer significant po-

tential for agricultural development. Such potential

includes the following. First, a large consumer base pow-

ered by a rapidly growing population. This includes a

growing middle class that is increasing the demand for

quantity and variety of food to be produced. Another po-

tential is a large yield gap that can be reduced or closed.

These yield gaps for major food and fiber crops offer

potentials for higher returns to agricultural investments in

terms of yield growth that is presently not available in

most parts of the world. Finally, there is an emergence of

the understanding that the role of structural adjustments

from the late 1980s and 1990s may not have been properly

applied to agriculture. This is demonstrated in the new

agricultural development plans that have emerged and are

being implemented in a number of African countries such

as Cameroon [12,58] and Ghana [59] since 2000.

For the small-scale farmer at local level in sub-

Saharan Africa, tapping into the above potentials for

agricultural development is fraught with a number of

challenges. Among others, these challenges include:

rising costs of farm inputs and resources that support

the growth of agricultural industries such as fuel and

other petroleum products, fertilizers and transportation;

competition of locally produced agricultural products

with cheaper alternatives from subsidized European

Union and North American producers; the growing

phenomenon of large-scale agricultural land acquisi-

tions – investors and governments from industrialized

countries are seizing productive agricultural lands for

their own purposes; and an agricultural development

environment that is more challenging than it was when

other regions underwent most of their agricultural

revolutions – increasingly prevalent droughts and

floods in the Sudan-Sahel, changes in seasonal precipi-

tation patterns and cases of large-scale pest infestation

of major food crops.

Conclusion
At the local level, crop yields in small-scale farming sys-

tems are determined by a number of factors. These include

inputs to agriculture, techniques of crop cultivation and

sociocultural characteristics of farming households. These

factors work in unison to determine yield levels in a num-

ber of ways. Yield differences among farming households

are associated with the use of some basic inputs and prac-

tices. By proliferating and optimizing these technologies, so

that more farmers can use them more efficiently, the prod-

uctivity of many farming households can be improved.

Other technologies such as inorganic fertilizers and

improved seeds are used in small-scale local settings

(albeit neither widely nor optimally) and contribute to yield

differences among farmers. The production of these

technologies (especially inorganic fertilizers) and their mar-

ket dynamics are beyond the control of small-scale farmers

at local level. While the use of inorganic fertilizers can be

essential in replenishing macro-nutrient deficiencies

among many nutrient-poor tropical soils, access to them is

constrained by high financial costs for small-scale farmers.

Being a human-managed system (and in most parts of sub-

Saharan Africa, a cultural activity and space), the socioeco-

nomic dimension of food crop production is as important

as the management dimension. A key factor in this dimen-

sion is the place for and role of women in food crop

production among small-scale farming communities.

Achieving and sustaining food security in the long run will

not be feasible without addressing the gender imbalance in

access to land rights, agricultural inputs and investment

opportunities. Such initiatives can be complemented by the

import of agricultural production skills at the local scale

through available technologies and tested processes.
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