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PROFESSORIAL INAUGURAL LECTURE

AGRICULTURAL SUSTAINABILITY IN THE DRYLANDS
OF NIGERIA: REALITIES AND PROSPECTS

Introduction

The production of sufficient food to meet the
demands of an ever increasing populétion is one of the
greatest challenges facing mankind today. This need has
been recognized by the United Nations by the inclusion
of the elimination of hunger among the Millennium
Development Goals (MDGs). In the bid for enhanced food
production, a balance has to be maintéined between
increased agricultural productivity and environmental
quality. |

In Nigeria, the need to strike a balance between food
production and environmental quality is recognized
everywhere especially with soil erosion in the south and
desertification in the northern ecological zones. In the
past, agricultural land was ample in the country. Issues
relating to agricultural sustainability were either played
down or largely ignored. However, contemporary realities
indicate that agricultural land is a scarce resource in

Nigeria and so matters pertaining to agricultural
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sustainability must be taken seriously. To neglect them

could prove perilous.

The drylands of Nigeria are found in the Sudano-
sahelian parts of the country between latitudes 11°N and
13°45°N. They are characterized by marginal climate
and fragile ecosystems. This condition is further
exacerbated by recent increase in aridity thus forcing the
farming population to resort to adaptation strategies
which may be changed on annual basis in some cases. It
is perhaps in the drylands of Nigeria that agricultural
sustainability is most crucial for the following reasons:

() The soils are moderate to poor in fertility and soil
degradétion is widespread (Essiet, 1990)

(i) The rainfall regime is variable and has diminished
by about 25 percent since the relatively wet 1960s
(Mortimore, 1989) |

(iii) Human popllllation is increasing; the annual
growth rate for the Nigerian population is
estimated at between 3.0 and 3.5 percent (World

Fertility Survey, 1984)
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Agricultural Sustainability

A sustainable agricultural production system is
defined as a dynamically stable and continuoué
production system that achieves a level of productivity
satisfying prevailing needs and is adapted conﬁnuously
to meet future pressing demands for increasing the
carrying capacity of the resource base (Okigbo, 1990).
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This definition further states that sustainability can be
achieved only when resources, inputs and technology
involved are within the ability of the farmer to own, hire,
maintain and orchestrate with increasing efficiency to
achieve in perpetuity, the desired 1evels of productivity
without adverse effects on the resource base and
environmental quality. Additionally, Benbrook (1990)
stipulates that a sustainable agricultural production
system must satisfy the foliowing conditions: avoidance
of soil degradation, management of land and water
resources to meet crop needs; maintenance of the
ecological system surrounding the farming system,;
economic viability of the system and .its cultural

acceptability.

There is unanimity among scientists as to the
imperative for agricultural sustainability. However, there
is no agreement as to what constitutes a sustainable
agricultural production system irrespective of how such
a system is defined. This lack of agreement arises from
the highly  subjective  nature of  qualitative
characterization of sustainable agriculture. In an
attempt to forge agreement among scientists as to what
constitutes a sustainable agricultural production
system, Larson and Pierce (1991) developed the Soil
Quality Model for quantitative estimation of agricultural

4
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sustainability. Soil quality can be defined as the capacity
of a soil to function both within  its ecosystem
boundaries and with the environment external to that
ecosystem (Larson and Pierce, 1991). Defined this way,
soil quality can be specifically related to its ability to
function as a medium for plant growth, in the
partitioning and regulation of the flow of water in the
environment and finally as an environmental buffer.

The overall quality of a soil is determined by the sum
of the individual qualities of its various attributes. It
thus follows that a dynamic change in soil quality occurs
in time and space. Using this dynamic change 1n soil
quality, soil management systems (and by extension
agricultural production systems) can be evaluated with
respect to stable, aggrading or degrading trends thus

(equation adapted from Larson and Pierce, 1991)

A (Q_i—_qg)
At qo X At
Where
AQ = change in overall soil quality (Q) of the soil;
At = difference in time between the present and when the
change was first initiated; and
qo and q;= the quality levels of individual soil variables

before and after the initiation of a change, respectively.
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Under this scheme, for an agricultural production

AQ

system (or practice) to be sustainable at must be equal
to, or greater than zero. In other words, for an
agricultural production system or practice to be
sustainable, the soil quality must be stable or observed

to be aggrading.

Approaches to Soil Quality Evaluation

There are basically two approaches to the
determination of soil quality: where historical data exist
(e.g. feasibility studies), the usual approach is to return
to the site to collect and analyse soil samples to obtain
data. These data would then be compared with the
feasibility studies data to determine the direction of
change. For such comparison to be meaningful, the
period during which a change had taken place should
not be less than 10 years. Such an approach has been
successfully used to study agricultural sustainability in
the Kadawa Irrigation Project in Kano State. This is

called Longitudinal Approach.

Secondly, where historical data do not exist, the
Spatial Analogue Approach is usually adopted. This

consists of comparing data from a plot of land that has
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not witnessed any change (e.g. cultivation) for at least
the past 10 years with data from a similar plot in the
same environment where change has taken place for at
least 10 years. This approach has been adopted for the
study of northeastern Nigeria covering Yobe and Borno
States. Irrespective of the approach that is used, it must
first be established that the soil forming factors of
climate, vegetation, parent material and time are
uniform or similar over the study area thus leaving the
biotic factor (human interference) as the only component

that could bring about differences in soil properties and

quality.
Agricultural Sustainability in the Drylands of Nigeria

The drylands of Nigeria are characterized by an array
of farming practice regimes which are a direct response
to an ever changing environment brought about by
erratic rainfall and increase in aridity. Some of these
farming practices have been described by Essiet (1995).

The Soil Quality Model above was used to
characterize agricultural sustainability in the drylands.
Three (3) broad categories of farming practices were
involved based on: (i) method of fertilization/nutrient
regeneration (ii) Crop/crop combination and (iii) method

of land preparation. The indices used in these studies

/.
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were soil physical and chemical parameters which are
known to play a. significant role in agricultural
production in the drylands. Based on these three
categories, some farming practices were identified. These
include: (1) organic fertilizers oniy (2) inorganic fertilizers
only (3) organic plus inorganic fertilizérs: hand cultivated

(4) organic plus inorganic fertilizers: tractor ploughed (5)

grain/legume mixtures and (6) sorghum only. The

findings of the studies are summarized in Table 1.

1. Organic fertilizers only: This farming practice is
sustainable. It is however characterized by losses
of nutrients and fine soil particles.

2. Inorganic fertilizers only: This practice is
characterized by losses of clay and most nutrients
and therefore not sustainable. Even though
inorganic fertilizers are known to improve soil
fertility, they do not enhance agricultural
sustainability when used to the exclusion of other
soil amendment materials like manures.

3. Organic plus inorganic fertilizers; hand cultivated:
With a sustainability index of 0.34, this farming
method is the most sustainable in the drylands.
The two fertilizer materials act in a complementary

~manner to improve soil physical and chemical
properties and in consequence agricultural
sustainability. In addition, hand cultivation
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ensures less disturbance of the soil and so -soil
~ conservation and agricultural sustainability are
enhanced. '

Organic plus inorganic fertilizers; tractor ploughed:
This practice is similar to the previous one except
for the fact that tractors are involved in land
preparation for planting. The introduction of heavy
ploughs in land preparation leads to the breakup
of soil aggregates, smearing and compaction all of
which encourage soil erosion and general land
degradation. This reason is responsible for the
sigm’fican_t decrease in agricultural sustainability
index from 34% to 12% (table 1). Thus the practice
of minimum or zero cultivation would be of
immense benefit in the drylands of Nigeria.
Grain/legume mixtures: This is a widely adopted
farming practice in the drylands and is believed to
enhance soil conservation (Essiet, 1991; 1995).
This belief is further strengthened by an
observation by Essiet (1989) that of all the farming
- practices under study in the drylands, this farming
practice was the only one where no loss in the soil
clay content was recorded. An additional benefit
that could accrue from this practice is the
enhancement of soil nitrogen status thrbugh

nitrogen fixation by the root nodules of legumes.

9
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Sorghum only: This

farming practice

is

characterized by serious degradation resulting in

losses of fine soil particles as well as nutrients.

~Thus it is not sustainable. The cultivation of

sorghum as the sole crop is widely practiced in the

drylands. In as much as this Apractice may be

desirable from the economic and mechanization

point of view, it is however not beneficial from -

agricultural sustainability view point since the

- sorghum crop does not offer enough protective

cover for the soil. In order to ensure sustainability

therefore, sorghum should always be grown in

mixtures with legumes.

Table 1: Farming Practices and Sustainability Indices for the

Drylands of Nigeria

Farming Practice

Sustainability Index(AQ /At)

1. Organic fertilizers only -
2. Inorganic fertilizers only

3. Organic plus inorganic
fertilizers: hand cultivated

4. Organic plus inorganic
fertilizers: tractor ploughed

5. Grain/legume mixtures

6. Sorgum only

0.16

- 0.08

0.34

0.12

0.15

-0.23

Source: Essiet, (1991, 1995, 1998, 2001, 2003)
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Summary: We can therefore summarize as follows:

(i)

(i)

(i1)

(iv)

(v)

Not all the farming practices found in the drylands
of Nigeria are sustainable.

The sustainable practices are those that
incorporate organic fertilizers into their soil
and preserve soil aggregates.

Inorganic fertilizers when used on their own lead to
soil degradation; thus they should be used in
combination with organic fertilizers to ensure
agricultural sustainability.

The planting of sorghum as the sole crop does not

.ensure sustainability and should be cultivated in

mixtures with legumes to optimize soil
conservation -and agricultural sustainability.

The use of heavy machinery in land preparation is
destructive of the soil and therefore detrimental to
agricultural sustainability. Land preparation
should involve the use of less disruptive equipment
like harrows and chisel ploughs. The practice of

minimum or zero cultivation should be

encouraged.

Soil losses observed in farming practices in the

drylands could be categorized into two: pedological and
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fertility losses. The pedological losses include losses in
fine particles like silt and clay while fertility linked losses
include losses in nutrients such as exchangeable
nutrients, total nitrogen, available potassium and
phosphorus, etc. Fertility related losses can easily be
corrected by management through the application of
. fertilizers (both organic and inorganic). Pedological
losses, on the other hand, are more difficult and take a
longer period to correct. Moreover, pedological losses
could adversely affect the manifestation of management
measures e.g. losses in soil clay content would reduce
the efficiency of added fertilizers. It therefore foliows that
pedological losses carry greater and more severe
consequences for agricultural sustainability than
management related problems. This realization calls for
great emphasis to be placed on soil conservation directed
at checking the menace of soil erosion. This view is
supported by the following relationship (Essiet, 2001):

Y = 0.0026 + 0.024C (~ = 0.66""")

Where Y= sustainability, C= % clay

Future Prospects of Sustainable Agriculture in the
Drylands of Nigeria

Out of the 6 farming practices earlier considered, 4
of them were sustainable while the other 2 were not.

Among the sustainable practices, the highest level of

12
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sustainability achieved was 34% (table 1). The indication

here is that there is much room for improvement. Efforts

aimed at enhancing the prospects of sustainable
agriculture in the drylands should take into
consideration the following;:

(1) Efforts should be concentrated on farming
practices that are sustainable. Rigorous extension
services should be embarked upon to get farmers
to adopt those practices that encourage
sustainability.

() Future enhancement of soil quality would of

- necessity involve the use of inorganic fertilizers in
greater quantities than at the moment. Except for
South America, Africa has the lowest use of
chemical fertilizers per hectare of cuitivated land.
As observed above, inorganic fertilizers should be
used in conjunction with organic fertilizers to avoid
the degradation of soil. In order to achieve this,
some farming habits would have to change. For
example, the practice of gathering residues and
burning them in the course of land preparation
would have to stop. Rather, residues should be
incorporated into the soil to increase its organic
matter content. Additionally, the practice of
pianted fallows shduld be encouraged as opposed

to bare fallow as presently practised. Moreover, the

13
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huge amounts of wastes that litter our urban areas
should be turned into organic fertilizer materials.
Most of our municipal and a good number of our
industrial wastes have potential as soil amendment

| materials (Essiet and Tudun-Wada, 1999; Tudun-
Wada and Essiet, 2006).

(83) Presently, mechanization is viewed as being
synonymous with . the use of heavy machines
during land preparation. This perception has to
change to the adoption of relevant or appropriate
technology in farming operations. Such technology
should be the type the farmer can easily own, hire,
maintain and operate without any detrimental
effect on the resource base (i.e. the soil). For
example, operations such as sowing of seed, pest
control and harvesting could be mechanized using

simple machines.
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