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ABSTRACT

This paper addresses issues of management of natural resources and food security
with purticular emphasis on land resources. It is argued that technological packages
alone cannot result into meaningful increase in agricultural productivity. There is a
need to strengthen linkages among rescarchers, furmers and extension service in
order to bring about effcctive dissemination of the intended technologies. Concerted
efforts are needed on the part of the many actors influencing management and use of
land resources. One of the challenges is to reduce the barriers facing agricultural
development, which often arise from inadequate policy and coordination among key
actors. National and grass root strategies are nceded to provide a common
framework and plan for sustainable use of land resources by pulling together efforts
of various actors.
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Background

Sub-Saharan Africa consists of 39 countrics. The rcgion is characterized by diverse
agricultural systcms that arc typically low input and based on subsistence farming.
Shifting cultivation continucs to be practiced in somc arcas in the region and often at
the cxpensc of dwindling forest reserves and other natural habitats (Tukahirwa,
1992). Thus, land productivity in SSA continucs to rcmain low. The major causc is
not only compoundcd by thc dearth of improved technology but also poor cconomic
and agricultural policics nsufficient agricultural scrvices such as cxtension, credit,
input supply and marketing (Clcaver and Schreiber, 1994).

Population in SSA 1s expccted to grow to over 1.1 billion pcople by the year 2020,
but Sub-Saharan Africa can poteniially support 1,120 million pcople at low levels of
inputs and 4,608 million at high levels of mputs (Badianc and Delgado, 1995).
Despitc this gloomy picture, land resources of SSA, if used scientifically arc
adcquatc to support acccptablc standards of living for the current and future
population. Conccrted efforts arc therefore needcd in designing agricultural systems
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that will bring about assurancc in food scecurity to be achicved through appropriate
and strategic land resources management and reduced environmental degradation.

Food security and sustainable agriculture

Food sccurity 1s defined as acccess for all people at all times to cnough food for an

active and healthy life. Three key ideas underlymg this definition are: the adequacy

of food availability (cffective supply); the adequacy of food access, which 1s the

ability of the individual to acquire sufficient food (cffective demand) and the

rchiability of both. Food insccurity can therefore be a failure due to availability,

acccss, rcliability or some combination of these factors. Inherent in this concept of

food sccurity 1s an understanding of food producers and consumers as cconomic

agents. Food availability 1s a function of the supply of food, which depends inter-

aha, on rclative input and output prices as well as technological production

possibilities (Babu and Quinn, 1994). Food access 1s coneemned with the demand for

food, which 1s a function of scveral variables including the price of food item in

question, the prices of complementary and substitutable items, income levels,

demographic variables and tastes or preferences. According to Ehrlich ¢f «l. (1993),

to ensure food sceurity, a food system should be characterized by:

e the capactty to produce, store and mmport sufticient food to meet basic needs for
all population groups;

e maximum autonomy and sclt determination

e rcliability such that scasonal, cvclical and other vartations i access to food are
minimal and

e sustainability, such that the entire ccological system 1s protected and improved
over time

Any meamngful discusston on food security should necessarily be considered at
vartous levels. For example, food sccurity at the national fevel does not neeessarily
mean that cvery houschold in the country is food sccurc. A proportion of the
population can be living in absolute or relative poverty amidst others who arc food
sccure. Within a country, the food insecurc poor comprises of different sub-groups
differentiated by location, occupational patterns, assct ownership, race, cthnicity and
age (Wheeler, 1991).

The relationship between national and houschold food security 1s one of the most
important and difficult issues confronting gcovernments in all countries at all levels
of wealth and development. Consuming adequate dict 1s necessary but not sufficient
for maintaining a hcalthy nutritional status. Mcanmgful increcase in agricultural
productivity and icomes in SSA will very much depend on how agricultural
productivity 1s sustained within environmental limits.

The Consultative Group of International Agriculture (1988) argued that sustainable
agriculture should involve successful management of resources for agriculture to
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satisfy changing human needs while maintaining or enhancing the quality of the
environment and conserving natural resources. In this respect successful implies that
production systems have to be economically viable and socially acceptable.
Management includes policy decision, resources include inputs and maintaining the
environment suggests that utilization of natural resources should not threaten the
capacity to meet the changing needs.

Traditional production systems do not provide adequate possibilities for
intensification. The environmental price of adequate food production is “often” loss
of natural vegetation, biological diversity and soil erosion. It is argued that it is
primarily population growth and poverty that threaten the possibilities for
sustainable agricultural development (Kasseba, 1993). Thus, new production
systems that utilize external inputs and are able to sustainably produce surplus need
to be developed (Singh, 1996). Only through such systems will it be possible to
relieve the pressure on natural resources and ensure sustainable agricultural
development (FAQO, 1991).

Basic resources for food production

The productivity of land depends on suitability of the land resources such as climate,
soil, water, biological diversity, the variety of species and the ecosystems that
support them. It once seemed that these natural resources had an unlimited capacity
to meet human needs. Only 1n the recently few decades has it been more widely
understood that natural resources must be utilised properly and cared for because
there are limits to the carrying capacity in terms of supporting human and animal
activities (Norse, 1994).

Suitable land

Only a small proportion (25%) of the earth surface is land. Cultivatable land
comprises of a soil layer ranging in thickness from a few centimetres to several
meters. Where rain and organic matter are plenty it may take only a few years to
build up a thin layer of so1l, while in dry or cold areas it can take thousands of years.
However, the process of degradation, through misuse or erosion, can be very fast
thus causing severe negative impact on the suitability of the land (FAQO, 1984).

Soils vary greatly in their fertility and ability to hold water and nutrients needed for
successful agriculture. The FAO has been mapping and assessing land resources and
agro-climates since early 1960s. In 1996 the FAO warned that of the 25% of
World’s land, only 11% has soils, which without improvement are suitable for
agriculture. The remaining land is too dry, too wet, too shallow, affected by
chemical problems or permanently frozen (FAQO, 1996).

In another study carried out on 117 developing countries in 1975 it was found that
54 countries could not feed their populations because most of these countries were
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using low-input methods of food production. It was projected that 19 countrieé,

including some of the poorest, would not be able to feed their populations by the
year 2000 (FAQO, 1991).

Water resources

Whereas limitations to availability and accessibility to suitable land for agricultural
production may be severe, the availability of fresh water is likely to be a limiting
factor to provision of food for the existing human population. Ideally, water 1s a
finite resource, with about 1,400 million km® on earth circulating through the
hydrological cycle. However, nearly all this 1s salty water. Only one hundredth or
1% 1s fresh and easily available for human use (FAO, 1996).

Agriculture accounts for 65% of water use, but the demands of industry and urban
centres are increasing. In addition, water distribution 1s not even. Had 1t been so,
there would have been very few problems with respect to water resources. Due to
demographic pressure, the amount of water per capita is falling throughout the
world. It was estimated that between 1950 and 2000 the amount of water
requirements per capita would have fallen by over 75% in SSA (FAO, 1984).

Land resource degradation

Land includes not only the soil resources, but also water, vegetation, landscape and
micro-climatic components of an ecosystem. Land degradation refers to a temporary
or permanent decline of the productive capacity of land or its potential for
environmental management. On the other hand, land improvement is an increase in
this productive potential. Some types of land degradation are for all practical
purposes, irreversible (FAO, 1991). Examples arc severe gullics or badlands and
advanced salinisation. Alarming figures on soil crosion have been reported in SSA.
According to Brown (1981) the Ethiopian Highlands are belicved to loose over 1
billion tons of top soil per. The steep slopes of highlands and mountainous
landscapes of eastern and South Eastern Africa are naturally prone to crosion and
deliver vast quantities of sediments, about 290 million t/year to the surrounding
oceans (Milliman and Mecade, 1983).

In the Block Mountains of Tanzania high rates of soil erosion exceeding 200
tons/ha/year have been reported (Temple, 1972; Lundgren, 1980; Kimaro, 2003).
The reported figures indicate an alarming situation, which calls for appropriate and
strategic measures to rchabilitate the degraded lands for improved land productivity.
The practicability of rehabilitating degraded lands depends on the costs relative to
the value of output or environmental benefits expected. Where farmers wish to
intensify agricultural production on a sustainable basis, it may be nccessary to
undertake land enhancing or land protecting investments even in non-degraded
landscapes.

78



Natural resources management and food securiry Kimbi et.al

An assessment by Scherr and Yadav (1996) shows that continued land degradation
to the year 2020 will present threats to food security for a large number of poor
people, to local economic activities and to important environmental products and
services. In SSA, land degradation i1s linked to food security problems and to
inadequate technologies for sustainable agricultural intensification in areas of rapid
population increase. Natural resource degradation impinging on food security
includes nutrient depletion, salinisation, erosion, deforestation, bush and forest fires
and water scarcity (Lal, 1986). There is little in terms of agrochemical pollution in
the region due to their relatively low level of use.

Assessment of agricultural sustainability as a framework for food security

The total arable land arca of SSA is estimated at 131 million ha and the average per
capita land area was 0.26 ha in 1990 which may go down to 0.09 ha by 2025 (Table
1). This value is very near to the critical level of 0.07 ha. Yields of major crops in
many countries of the SSA continue to show a declining trend (Table 2). Although
there 1s a potential for irrigation to mitigate the drought, only 5 million ha of land is
being irrigated (Blake e al., 1994).

Potential yields of crops (Table 3) can be increased scveral folds with judicious use
of inputs such as fertilizers (inorganic and organic) and improved varieties (Lal,
1993). A major concern in designing sustainable agricultural systenis in the region is
the management of organic matter and rational use of organic inputs including crop
residues.

Table 1: Arable land of Sub-Sahara Africa

Regional Total arable Per capita arable land"
land in 1990 1990 2000 2025
10° ha ha

Western Africa 62.0 0.29 0.21 0.10

Easter Africa 37.7 0.25 0.18 0.08

Central Africa 10.8 0.20 0.14 0.07

Southern Africa 20.5 0.29 0.19 0.10

Sub-Saharan Africa 131.0 0.26 0.19 0.09

+Assuming no additional land is brought under cultivation and that population continues to increase
at rate of 3.2% /yr.

Source: Lal (1993).
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Table 2: Grain yields per hectare in four African countries from 1950 to 1952 and 1983 to 1985

Average Yield

1950-1952 1983-1985 Change
Country (keha) (%)
Nigeria 760 714 -0
Mozambique 620 343 -12
Tanzania 1271 1091 -14
Sudan 780 479 -38

Source: (Brown and Wolf, 1986)

Table 3: Potential yields of crops in Sub-Saharan Africa

Land capability  Levels of Millet Sorghum Maize Bean Cassava
Inputs Yiceld (tonvha)

Highly Suitable  Low 0.9 1.1 .o 0.7 2.0
High 3.5 4.6 0.4 3.0 12.2

Marginally Low 0.3 0.4 0.5 0.2 0.3

suitable High 1.2 1.5 2.1 1.0 4

Source: Lal (1993).

If such systems are not carcfully designed, degradation of land resources will
increase and food insecurity will continue to be a problem 1n the region. It is known
that arable production on tropical sotls, espectally Acrisols and Ferralsols, under
traditional shifting cultivation or intensive farming, can lead to decline in soil
fertility duc to rapid decrcase in soil organic matter (Msanya et al., 1998). Declining
trends of productivity caused by continuous cultivation without soil amendments or
unbalanced nutrient management have been reported (Mowo, 2000). Low input use
under continuous cropping cven at low level of productivity can lead to loss of about
10kg N, 1.8 kg P and 7.1 kg K ha 'year! (Singh, 1996").

Onc of the key strategics in designing sustainable agricultural systems in SSA is the
management of organic matter and rational use of organic inputs. Maintaining or
increasing organic matter is of utmost importance in terms of recycling plant
nutrients, minimizing the need for morganic fertilizers and improving soil physical
structure. Sub-Saharan Africa has enormous potential for sustainable fertilisation of
the land through application of locally available organic resources such as animal
manure. Kimbi ef al. (2001) estimated animal manure output in Tanzania and
observed that available manure for agricultural use is about 14 million metric tons
per year.

Table 4 gives estimated manure output in sclected districts in Tanzania. Assuming
that average total N content of the manure 1s 0.7%, the total N from the annual
manure supply is about 98,000 tons. This could sufficiently fertilise significant
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proportion of arable land in Tanzania (about 7000 hectares at consecrvative
estimates). Irrespective of this potential, very few farmers are using this resource for
agricultural production. The situation is similar in other SSA countries.

Table 4: Estimated livestock population and manure output (metric tons) per year in selected
districts in Tanzania

District No. of cattle Cattle No. of Goats No. of Sheep
manure goats manure  sheep manure
outputl output2 output3

Morogoro Rural 5348 169177 2021 61897 274 14779

Kilosa 29509 40378 139245 101649 34893 25472

Dodoma Rural 478012 654262 220600 161038 78889 57789

Kongwa 114896 157255 129900 94827 33704 24604

Moshi Rural 128771 242679 122172 89186 54879 40062

Same 170020 232687 106597 778158 123088 89854

' = Based on yield of Skg of manure per cow per day
? = Based on yield of 2kg of manure per goat per day * = Based on yield of 2kg of manure per sheep
per day Cattle Growth per year = 2.3%, Goats = 3.26% Sheep = 0.11%

Source: Kimbi et al (2001)

Mugwira and Mukurumbira (1984) observed that irrespective of the availability of
different types of animal manure in the communal areas of Zimbabwe most small
scale farmers do not take advantage of such resources. Bekunda and Woomer (1996)
evaluated banana-based cropping systems of the Lake Victoria basin in Uganda.
They concluded that such a cropping system was sustainable due to re-cycling and
management of various organic resources available in the basin. Rapid loss of
organic matter of the topsoil under continuous cultivation is a common phenomenon
in SSA. Singh and Goma (1995) found that the level of topsoil organic matter at
Kasama, Zambia declined throughout the 25 years of research period. This was
particularly the case where there was continuous cultivation with inadequate
replenishment of organic matter. Results of long-term assessment of land
productivity in Tanzania and Zambia compiled by Aune (1996) indicate that the
average annual yield decline was about 8% in low input systems and about 3% in
high input systems (Table 5). These results suggest that soils of these areas are not
able to sustain productivity under continuous cultivation without sufficient inputs.
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Table 5: Annual changes in productivity under low and high input systems

Location Crops Lxperimental Annual changes in production (%)
duration Low input High mput

Muwala (T) Maize 9 -19.7 3.

Muwala (T) Groundnut 9 -10.3 =47

Uyotle (T) Maize 11 -9.3 3.

Kazama (Z2) Maize 17 -7.8 -11.5

Kasama (Z) Groundnut 10 -18.6 0.6

Magoye (2) Maize 15 -1.3 -3.2

T: =Tanzania, Z: = Zambia

Source: Aune (1996)

Technological options and potential prospects

Land resources of SSA arc being over-stressed. Sustainability of any production
system requires proper balance in the mput/output of resources (Singh and Vaaje,
1996). A wide array of technological options 1s available for enhancing agricultural
sustainabihity and attaining ecological balance. Lal (1993), for example, presented an
overview of vartous options for sustamnable agriculture m different ccological
regions of SSA. The issues addressed include how to balance the mputs required,
maxmusing cfficiency and costing cffectiveness of inputs, reducing risk of soil and
environmental degradation, maximising per capita productivity and sustaining an
mcreasing trend in productivity. The present dechining trends of land resources and
productivity may dictate a shift from resource-based to science-based technologies
which ensure better control of the crop requirement, sclection of crops and cultivars
adapted to agro-ecological conditions, soil fertility enhancement/maintenance and
prudent use of inorganic fertilizers, biological/intcgrated pest management and
better water management systems as depicted in Figure 1.
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Figure 1: Management systems that reconcile with agricultural sustainability and

environmental quality

According to Fernandes and Matos (1995) most resource poor farmers in the SSA
cannot have easy access to resources such as inorganic fertilizers and other chemical
inputs. Crop and agro-forestry systems must therefore have as many characteristics

as follows:
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¢ Biological and structural diversity to reducc biophysical and economic risk

e A high degree of soil cover via plant canopies or plant residucs incorporated
in the soil and properly managed

e High value but low biomass of products to reduce nutrient exports

e The rcturn of crop residues and animal manure to the cropped land to
maximize nutrient recyeling

e The use and optimum managenient of improved crop varicties and animal
species

e Where possible, the application of adequate levels of organic and/or
inorganic fertilizer sources to balance nutrients removal in harvests

Need for improved linkages among researchers, farmers and extension

Adcquate levels of agricultural productivity cannot be achieved by technological
packages alonc. Many improved technologies, although technicalty sound, may not
reach the ultimatc uscrs duc to various other constramts, including weak institutionat
linkages Even with reduction in population growth rates and carcful management of
the natural rcsource base, agricultural productivity will continue to decline unless
there arc deliberate cfforts to strengthen the linkages involved in generation and
dissemination of agricultural technologics (Merrilt-Sands, 1992). A linkage between
research and cxtension, and with different categorics of farmers and farmers’
organisations is onc of the most difficult institutional problems confronting most
countrics in SSA. The term “’linkage’™ in this context includes diverse forms of
coltaboration among rescarch systems, farmers and extension service.

Institutional rescarch and extension in SSA has had little success 1 generating and
disseminating agricultural technologies which arc widcly adopted by small scale
resource disadvantaged farmers (CORAF, 1999). Farmers play a pivotal role in the
process of technology gencration, dissemination and adoption. Figurc 2 shows an
example of agricultural cxtension system depicting farmer linkages through
organizational mechanisms. There i1s an urgent need for strengthening agricultural
rescarch and tcchnology dissemination and support systems in order to increase
agricultural  productivity, reducc poverty and increasc cconomic  growth.
Agricultural research and cxtension nced to aim at inecreasing productivity and
production through effective expansive diffusion of knowledge and information.
Stronger linkages cnsure that rescarch agenda is based on farmers’ priority problems
and that technologies gencrated by rescarchers are cffectively disseminated to the
intended uscrs. Uscful technologics generated by researchers should effectively
reach farmers. Mcanwhile, cffective linkages depend on a minimum number of
conditions such as research policics that arc ortented towards development needs,
whereby  rescarchers  learn  from  farmers” cxperience and  strengthening  of
collaboration networks among them (Swanson, 1993). Building Iinkages implics a
reciprocal rccognition and clear vision of responsibilitics of each of the key
stakcholder.
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Conclusions and recommendations

Sustainablc and effective management of natural resources for enhanced food
security call for integrated policy initiatives. The issue of sustainability in food
security within acceptable environmental limits 1s a complex onc and hence the
purpose of this paper was not to propose solutions to pertinent questions pertaining
to sustainable agricultural production systems. Focus was rather placed on key land
resources aspects, which have a dircct bearing on food security in SSA. The
declining trends in management of land resources and productivity may dictate a
shift from resource-based to science-basced technologies which among other things
ensure better control of the environment in terms of integration of bio-physical and
socio-cconomic factors.

In view of the above, the following key policy recommendations arc pertinent:

* Incrcasc rescarch and technology development associated with cffective
disscmination system by strengthening rescarch- farmer- extension linkages

* Incrcasc awarcness of land degradation and develop approprate land
management programmnics

*=  Support grass root level organizations to manage local resources. A more
peoplec-centred approach is likely to be more effective.

*  Develop conducive marketing conditions. Poorly developed markets are major
constraints to widespread adoption of land-improving practices.

»  Encourage rural income growth and diversification. General income growth
and diversification can substantially help in reducing land degradation and
promote land improvement through several mechanisms such as crop-livestock
systems and crop rotation.
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