MONITORING LAND DEGRADATION AS INDICATOR OF
DESERTIFICATION IN NORTH - WESTERN NIGERIA:
AN APPLICATION OF REMOTE SENSING AND GIS
BY
SEIDU ONAILO MOHAMMED

IS8IC LIBiAKY
HG -

93.02

Haoêningen
The Necheriands

F

INSTITUTE FOR AEROSPACE SURVEY AND EARTH SCIENCES

MONITORING LAND DEGRADATION AS INDICATOR OF
DESERTIFICATION IN NORTH - WESTERN NIGERIA:
AN APPLICATION OF REMOTE SENSING AND GIS
BY
SEIDU ONAILO MOHAMMED
Thesis submitted to the International Institute for Aerospace Survey and Earth Sciences (ITC),
Enschede, The Netherlands, as a partial fulfillment of the requirement to achieve Master of
Science (M.SC.) in Soil Survey using Aerial photography and other Remote Sensing
Techniques.
Supervisor : Mr. A. Farshad, M.sc.
Ir. E. Bergsma
Board of Examiners : Mr. A. Farshad, M.sc.
Ir. E. Bergsma
Prof. Dr. A. Zinck
Prof. Dr. Ir. J. Bouma

INTERNATIONAL INSTITUTE FOR AEROSPACE SURVEY AND EARTH SCIENCES
(ITC) THE NETHERLANDS (1993)

1

I

I
*

.

Photo 1 SAND DEPOSITION, A COMMON FEATURE IN THE STUDY
AREA (MILLET PLANTING SEASON, MAY 1992)

r

ACKNOWLEDGEMENT
This study is sponsored through the EEC/Nigeria cooperation in manpower development in
science and technology. Financial support also came from the soils department, ITC for the
MSS imageries and a part of the field-work expenditure.
This work could not have been successfully completed without the contribution of so many
people. I would like to express my sincere gratitude to the following people:
Mr. A. Farshad M.sc, my supervisor, who has overseen this job from day one, field-work, and
post field-work. It has been a continuos and valuable discussion.
Ir. E. Bergsma, my second supervisor, for his valuable criticisms and advice.
A. Zinck, the head of department for his constructive criticisms at seminars and general
encouragement.
• .- T ,-.
Mr. J. A. A. Ologun (Asst. director) and Dr. Epelle (Director) for their immense contribution
to this work.
Mr. Sylvester Ohamobi, my colleague, with whom I carried out the field-work and shared
materials especially in the areas common to both studies.
Other colleagues Mr. J. Oyibo, Mohamoud Shendy, Dedzo Dela, Ms. S. Asucion, S. Ngah and
others, too numerous to mention here, who have contributed to a stimulating and creative
research environment.

Ill

TABLE OF CONTENTS
ACKNOWLEDGMENTS
TABLE OF CONTENTS
ABSTRACT
LIST OF FIGURES
LIST OF TABLES
LIST OF PHOTOGRAPHS
CHAPTER 1
1
1
1
1
1

111

iv
vi
vii
viii
ix

INTRODUCTION
DESERTIFICATION: A GLOBAL VIEW
DESERTIFICATION IN THE SUDANO - SAHELIAN AFRICA
EXTENT OF LAND DEGRADATION IN THE STUDY AREA
AIMS
OBJECTIVE

1
1
2
4
4

CHAPTER 2. LITERATURE REVIEW
2.1 CONCEPT OF LAND DEGRADATION AND DESERTIFICATION
2.2 LAND DEGRADATION PROCESSES
2.2.1 DEGRADATION BY EXTERNAL SOIL MATERIAL
2.2.1.1 WATER EROSION
2.2.1.2 WIND EROSION
2.2.2 DEGRADATION BY INTERNAL SOIL DETERIORATION
2.2.2.1 PHYSICAL DEGRADATION
2.2.2.2 BIOLOGICAL DEGRADATION
2.2.2.3 CHEMICAL DEGRADATION

5
7
7
7
8
9
9
11
12

1
2
3
4
5

3
4
5
6
7

CAUSATIVE FACTORS OF LAND DEGRADATION
12
DEGREE OF PRESENT DEGRADATION
14
14
RATE OF LAND DEGRADATION
EXTENT OF LAND DEGRADATION
14
MONITORING LAND DEGRADATION AND DESERTIFICATION:
APPLICATION OF REMOTE SENSING AND GIS 15
2.8 DISCRIMINATION OF ACTIVE AND INACTIVE SAND DUNES
FROM REMOTE SENSING
17
CHAPTER 3. GENERAL DISCRIPTION OF THE AREA
3.1 LOCATION
3.2 CLIMATE
3.2.1 RAINFALL
3.2.2 TEMPERATURE
3.2.3 RELATIVE HUMIDITY
3.2.4 WIND
3.2.5 EVAPOTRANSPIRATION
3.3 GEOLOGY
3.4 GEOMORPHOLOGY
3.5 HYDROLOGY
3.6 VEGETATION AND LANDUSE
3.7 POPULATION
CHAPTER 4 SOILS
4.1 LOCATION OF SAMPLE AREAS
4.2 GENERAL DISCRIPTION OF THE MAIN SOILS
CHAPTER 5 MATERIALS, TOOLS AND METHODS
5.1 MATERIALS
5.2 SOFTWARE PACKAGES
5.2.1 ILWIS

IV

20
20
20
22
22
24
24
24
28
30
30
31
32
34
44
44
44

5.2.2 LOTUS
5.2.3 QUEFTS
5.2.4 NEWHALL
5.2.5 ALES
5.3 METHODS
5.2.1 PRE FIELD WORK
5.2.2 FIELD WORK
5.2.3 POST FIELD WORK

45
46
47
47
49
49
50
53

CHAPTER 6 RESULTS A N D DISCUSION
6.1 ARIDIFICATION
6.1.1 CLIMATE DATA ANALYSIS
6.1.2 SOIL MOISTURE REGIME
6.2 POPULATION GROWTH ANALYSIS
6.3 ANALYSIS OF AGRICULTURAL PRODUCE
6.3.1 CROP YIELD
6.3.2 LIVESTOCK PRODUCTION
6.4 SOIL DEGRADATION
6.4.1 PHYSICAL
6.4.1.1 SAND ENCROACHMENT
6.4.1.2 WATER EROSION
6.4.1.3 SEALING AND CRUSTING
6.4.1.4 COMPACTION
6.4.2 BIOLOGICAL
6.4.2.1 LANDUSE CHANGES
6.4.2.2 VEGETATION INDEX
6.4.2.3 ORGANIC CARBON MONITORING
6.4.3 CHEMICAL\SALINITY
6.5 LAND FRAGILITY
6.5.1 MODELING IN ILWIS
6.5.2 MODELING IN ALES
CHAPTER 7 CONCLUSION AND RECCOMMENDATION
REFERENCES
APPENDICES
APPENDIX la SOIL DESCRIPTION
APPENDIX lb FIELD PROP. OF PROFILES
APPENDIX 2a CHECKLIST
APPENDIX 2b QUESTIONAIRE
APPENDIX 3 CROP CALENDER

V

55
55
57
59
62
62
68
70
70
70
74
77
82
83
83
91
95
97
98
99
102
108
112
119
12 0
13 5
13 6
13 8
140

ABSTRACT
The aim of this study is three fold:
- identify processes, causes, degree and extent of land degradation,
- monitor using remote sensing and GIS and
- determine the fragility of the study area to desertification.
Air photo interpretation (API), MSS 1976 and MSS 1986 were used in combination with field
and laboratory data along with some existing maps and data on climate, populadon, crop yield
and livestock production. Rainfall analysis has revealed consistent decrease and high
variability causing severe decrease in crop yield and livestock production. The landuse/cover
have also revealed increase in both rainfed and irrigated crop to match the decrease in yield
and the population growth of 3.2% said to be one of the highest in the world. It has also been
found out most importantly that sand movement have intensified leading to an increase of
12% between 1976 and 1986.
The result of the combination of sand accumulation, aridification, nutrient depletion,
biological degradation, sealing and crusting, soil compaction and water erosion using the
modelling facility of ALES and ILWIS, classifies the study area into 11.8% low, 57.2%
moderate and 15.8% high fragility to desertification. It has therefore been concluded that the
study area is a land in danger which may ultimately end as desert.
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CHAPTER 1
INTRODUCTION
1.1 DESERTIFICATION: A GLOBAL VIEW
Desertification/Land degradation is one of the most serious environmental and socio-economic
problems facing the world today. About 35% of the world's land surface is currently at risk
and more than 20 million hectares are reduced annually to near or complete uselessness
(UNEP, 1980).
The United Nations Conference on Desertification (UNCOD) in 1977 considered among other
things the scale of desertification and reviewed a number of definitions which led to the so
called (Resolution no.7).
The 1984 assessment by the United Nations confirmed the scale of desertification problem.
Desertification had continued to spread and intensify despite efforts undertaken since 1977,
it then became clear that measures applied so far were too modest to be effective. Land
continued to be irretrievably lost through desertification or degraded to desert-like conditions
at a rate of 6 million ha annually; land reduced to zero, that is negative net economic
productivity was showing an increase of up to 21 million ha annually. Areas affected by at
least moderate desertification comprised 3,100 million ha rangelands (80% of their total area
in drylands), 335 million ha of rainfed croplands (60% of their total area in drylands), and
40 million ha of irrigated croplands (30% of their total area in drylands) in all, up to 3,475
million ha (or 70% of total area of dry lands). Rural populations in areas severely affected
by desertification numbered 135 million, this was reassessed in 1991 (UNEP, 1991).
Desertification/land degradation is now perceived as intensifying world wide threat, which to
varying degrees affect over 100 countries. Some 800 million people live on the 35% of the
earth land surface which comprises arid, semi arid, sub humid zones at risk of desertification.
Three quarters of this area is already, at least moderately desertified (UNEP, 1984).
Due to the varied definitions, which sometimes result in disagreement and even
contradictions, some concerned organisations like the World Bank and related organisations
have started to drop the term in favour of 'degradation of natural resources'.
In 1990, UNEP reaffirmed the need for a new definition that puts together a more reliable and
accurate global picture to plan a better strategy for the implementation of a plan of action.
It was also realized from recent findings about the influence of climatic fluctuations and the
resilience of soils and considering the results of additional studies and consultation undertaken
by UNEP, that the existing definition was not sufficiently operative and grossly inadequate
for purposes of quantitative assessment.
1.2 DESERTIFICATION IN THE SUDANO - SAHELIAN AFRICA
The sahel bordering the Sahara desert is considered the most stricken region of the world
(UNEP, 1980). Sudano-sahelian ecosystems are most frequently drought affected and it is
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where drought susceptibility is at its maximum (Mainguet, 1990). To some researchers, it is
an indication of the southward encroachment of the Sahara desert. The desertification
phenomenon in sahelian and sudanian zones is often considered a mismanagement of
resources by man and accelerated by variation in the climate.
The prevailing concept of desertification, status and rate of land degradation has been
seriously challenged during the 1980's by a growing number of individuals, research groups
and international organisations. In the particular case of the sahelian zone of Africa, it has
been questioned whether desertification is actually occurring ? The word 'myth' has even
been mentioned to depict the frustration at previous research attempts (Helden, 1991).
In the Sahel and Sub sahelian regions of Africa, the frequency distribution of rainfall is
repeatedly below the mean, and the overall distribution of rainfall has a large coefficient of
variation. The local inhabitants whose conservative cultural habits do not usually change
within a few years continue to adopt practices such as forest harvest for firewood with
grazing worsened by frequent drought makes the environment very vulnerable to land
degradation. The growing population with their demands for food and fibre further compounds
the pressure on environment.
In West Africa, the rainfall gradient from the desert to dense forest results from the
alternating and antagonistic relationship of two main air masses. One is the continental trade
wind, dry and cool at the beginning but gradually turning warm, which travels north to south
then north east to south west. The other is the monsoon, humid and cooler, originating in the
atlantic and moving from southwest to northeast. In summer the edge of the oceanic air
stream slips under the trade wind and pushes it back towards the north. As this inter tropical
front (ITF) sweeps across the sudan and the sahel and even the extreme south of the Sahara
each summer, the turbulence generated by the air flows causes torrential rains (tornados), the
intensity of which naturally decreases from south to north ( Monod, 1975 ).
The process of decline of biological productivity is now at work in many parts of the West
African sahelian and sudanian zones. Whether desertification is caused mainly by droughts
and increasing aridity, or resource abuse by the resident population, is hotly debated. But this
debate has little operational consequence, since rainfall patterns cannot as yet be modified nor
even predicted, whereas human behaviour can be changed (World Bank sponsored report,
1985). The desertification problem is nonetheless severe, since it is a result of conflict
between the public interest in long term resource use, and private short term resource abuse.
If deliberate effort is not made to reconcile the two interests, the desertification will continue;
while the process can be arrested, the end result is irreversible.

1.3 THE EXTENT OF LAND DEGRADATION IN THE STUDY AREA
The history of Sokoto caliphate indicates that Sokoto occupied a central position as a trading
centre in central sudan in the 18th and 19th centuries (Adamu, 1979). It served as a route for
trade activities in slavery, gold dust, horses, hides and skin, ostrich feathers, salt and civet
for more than two centuries. Studies in the history of Sokoto caliphate on commerce and
commercial relations in the 19th century also indicated Sokoto as a highly productive, densely
populated agricultural region bordering on the grain-starved areas of the neighbouring
southern saharan belt. Sokoto soon became the focus of an inter-regional trade (in agricultural
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products, livestock and cotton goods) supported by urban-rural networks converging on the
city. As Tuareg ( a tribal group found in Chad, Mali and Niger Republic) grain requirements
were very substantial and the needs of Sokoto itself considerable, the trade in grains in
particular was very substantial at the export as well as the local level. Clapperton (lifted from
seminar papers of Sokoto caliphate) reported in 1824 that "A great quantity of Guinea corn
is taken every year by the tuaregs in exchange for salt".
The ownership of land in Sokoto area is in the hands of the government. Title to land could
either be through the government, family inheritance or transfer through monetary transaction.
The mean farm size is estimated at 2 hectares (Sokoto state agric. development project report
82/83). The culture of the Fulanis, one of the two dominant tribes in Sokoto, area favours
large herds of cattle not only as a source of making money but also as an indication of status
in the society.
The combined role of Sokoto as the food basket of the grain starved areas of the southern
Sahara belt which led to increased cultivation, as commercial centre and the headquarter of
the caliphate (islamic empire) for over a century, burdened with the cultural nomadic practice
of the dominant fulani tribe and worsened by frequent rainfall deficit made the study area an
endangered land. Slash and burn was (is) a common practice in the study area both for land
clearing purpose as well as producing fresh food for animal consumption. Although it is
argued that burning promotes nutrient availability, it has some undesirable effects such as loss
of organic matter and exposure of soil surface to erosion.
Next to the mentioned man induced factors, in arid and semi arid areas, rainfall is the chief
climatic factor because it determines the state of vegetation cover, surface water, and the
depth of ground water.
Analysis of rainfall distribution of Sokoto area over the period from 1908 to 1990 indicated
a 10 year cycle of point decrease in the rainfall and variability of more than 50% (Jensen,
1990). In addition to the general decrease, the pattern of rainfall is very irregular, even the
so call good rainfall year like 1970 with relatively above average rainfall lacks 'useful rain'
which according to Galais (1967) refers to the first rains that enable the soil to retain enough
water to allow plants to develop to maturity without a break.
The general decrease and variability in rainfall both temporal and spatial recorded in Northwest Nigeria is one of the reasons for the decrease in vegetation diversities, extensive drought
resistant and unpalatable species and present increase in bare soil. The topsoil is easily eroded
by the short but intensive rainfall.
The 3.2% annual population increase in the study area like most Sudan and Sahel areas is one
of the highest in the world (World Bank Report, 1985). It has corresponding consequences
on the increase in urbanization, cultivation and further remobilization of the already stabilized
ancient dunes.
Increasing sand accumulation, decrease in livestock farming and perennial grasses and
increase in salinity in the valley are frightening indication of desertification.
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1.4 AIMS
1. To investigate processes of land degradation through the analysis of changes in soil,
climatic factors, population, landuse/cover etc.
2. To apply different methods and techniques in monitoring, (using remote sensing and
geographic information systems).
3. To evaluate the influence of the relevant parameters on degradation and to attempt a
qualitative model by which the fragility of the land can be predicted. The model will
incorporate several parameters to predict the degree and the rate of expansion of land
degradation, which may ultimately end in desert.
1.5 OBJECTIVES.
To reach the major aims the following objectives are defined:
1. To identify processes, causes, degree, and extent of land degradation, using the GLASOD
approach with moderations because of the scale of the present study.
2. To monitor using the image processing capability of ILWIS to process Landsat imageries
of February 1986 and February 1976. This in combination with aerial photograph of March
1972 and topographic map of 1962 makes possible monitoring of the last 30 years.
3. To use the decision tree of ALES, and also the GIS facilities of ILWIS to determine the
fragility (indicating the present and future rate of vulnerability to degradation processes and
the potential hazards that may occur due to harsh climatic condition and human influence) of
the study area to desertification.
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CHAPTER 2
LITERATURE REVIEW
2.1 CONCEPT OF DESERTIFICATION AND LAND DEGRADATION
The drought which affected the sahel and adjacent areas in Africa in the late 1960s and early
1970s is regarded as the longest and perhaps the most severe this century, (payne et al.l987).
This drew world attention and added further dimensions to the problems of human survival
and developments on desert margins, in the face of an apparent extension or intensification
of desert conditions in many parts of arid and semi arid zones of the world (UNEP, 1980).
The word desert stems from an ancient Egyptian hieroglyph pronounced tesert, meaning a
place that was forsaken or left behind. From this came the latin verb deserere, to abandon,
from the latter came desertum, a waste or wilderness, and desertus, meaning abandoned or
relinquished. This in itself implies that the desert had been a better place. In it, there was life
and in some places teeming life. There was much vegetation, grasses and trees, many animals
and human beings. Then something happened, and the place became a wasteland; it was
deserted (Mainguet, 1991).
Desertification is a concept already described by AUBREVILLE in 1949, and was introduced
to a broader audience during the United Nations conference of 1977 held in Nairobi.
According to Glantz' inventory 1987, the word desertification has more than 100 definitions:
a testimony to the complexity of the phenomenon.
Deserts, as normally conceived, were during times past the result of deep climatic changes
(Mainguet, 1990). Continuous increase in population and activities of man have accelerated
land degradation and produced desert hke conditions. Earth forming processes and man made
processes have different time scales. Desertification has a much more immediate time scale
and variously been subjected to controversies over the years as series of conditions, as a
process, as the ultimate stage of degradation or as the encroaching desert. Various definitions
exist as shown below:
During the 1977 Nairobi conference. Desertification was defined as "The intensification or
extension of desert conditions". It is a process leading to reduced biological productivity with
consequent reduction in plant biomass, in the land's carrying capacity for livestock, in crop
yields, and human well being. Some ambiguity was introduced by the wide definition, which
did not try to distinguish between dominantly cHmatic processes and effects of human
landuse, leading to misuses in subsequent years (Groten, 1988).
Desertification was used to imply a variety of conditions, processes and effects, as for the
creation of 'green deserts' in humid tropical countries, 'drought', 'drought effects' and
'degradation'. Therefore, suggestions were made to narrow the definition to:
-The creation of 'desert like conditions through human impact on fragile semi-arid ecosystems
(Rapp, 1974; Dregne, 1985). Rapp avoided the use of "encroaching desert" insisting on the
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spread of desert like conditions in arid and semi-arid areas due to man's action or climatic
change.
Desertization (used by some authors implying) desertification and desert encroachment were
then to be used to describe the effects of climatic changes. Impoverishment of terrestrial
ecosystems under the impact of man (Dregne, 1985). He added, that 'it is the process of
deterioration in these ecosystems that can be measured by reduced productivity of desirable
plants, undesirable alteration in the biomass and the diversity of the micro and macro fauna,
accelerated soil deterioration and increased hazards for human occupancy'.
-Desertification is "an intricate process of land degradation" (Street, 1987). Street insisted on
the role of processes in land degradation. This is said to involve destructive processes in
which the productive base deteriorates and the social system is imperilled. Unlike drought,
which is usually diminution of available moisture, the physical processes involved in
desertification are long term, chronic and pervasive. One further complexity needs noting, the
difference between short term climatic causes and long term physical processes.
-Desertification is the ultimate non-productive and desert like stage of deteriorated
environment (Hare, 1985b). It is the name given to the process whereby ecosystems lose this
capacity to revive or to repair themselves. Hare introduces the idea of natural irreversible
deterioration.
-Desertification/Land degradation is the result of complex interactions between ecological,
agronomic, social and even political factors, rather than being the mere result of the
desertification process which is normally considered as an ecologically oriented process
(Groten, 1988).
The ambiguity introduced by the wide definitions made desertification so controversial. The
need to know what is desertification and land degradation have persisted. However, it is
generally understood that desertification leads to 'long lasting' and possibly irreversible desert
like conditions. 'Decreasing productivity ', is a key process included implicitly or explicitly
in all definitions.
In the 3rd meeting of the technical advisory group on desertification assessment and mapping
held in Nairobi in 1991, it became evident that a further refinement of the definition and
concept was required. After extensive consultation with other United Nations agencies,
including UN Food and Agricultural Organisation, UN Educational, Scientific and Cultural
Organisation and the World Meteorological Organisation, and with individual scientific
experts in this area, the meeting elaborated a new definition:
"Desertification is land degradation in arid, semi-arid and dry sub-humid areas resulting
mainly from adverse human impact". Land in this context includes soil, local water resources,
natural vegetation and crops. Land degradation is to describe the results of deteriorating
processes which may eventually end in desert.
The term desertification as used in this study implies a gradual, combined process of land
degradation in arid, semi-arid, dry sub-humid areas resulting from climatic variation and
adverse human impact leading to reduction in productivity potential of the land over a long
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span of time and ultimately into a state of irreversibility, with all its socio - economic
consequences.
The balance between the attacking natural forces of climate, the climate aggressivity and the
natural resistance of the land against these forces determines the nature of degradation in a
particular area. Human action can either increase or decrease this natural resistance of the land
(GLASOD, 1988).
The GLASOD approach developed in 1988 evaluates land degradation processes on the basis
of type, causes, degree, rate, and extent of the land per physiographic unit being affected
(Farshad, 1989). The Degradation processes are classified into human and nature induced.
2.2 LAND DEGRADATION PROCESSES.
Two categories of human induced degradation processes are recognised:
A. Degradation by external soil material ( wind and water erosion ).
B. Degradation by internal soil deterioration (physical, biological and chemical deterioration).
The most important factors causing land degradation and ultimately desertification
principally accepted to be as follows (UNEP, 1984; GLASOD, 1988):

are

1 soil constraints
2 water action
3 wind action
4 salinization
5 animal pressure
6 population
2.2.1 DEGRADATION BY EXTERNAL SOIL MATERIAL
In this category, 'on site' and 'off site' effects are distinguished. 'On site' are effects at or
near the site (on farm
effects), including local deposition. Offsite effects are effects at distance fi^om site ( at least
one kilometre away).
2.2.1.1 water erosion
Soil erosion is considered one of the critical factors of land degradation because of its effect
on crop production. When the vegetative cover is removed and the structure breaks down due
to cultivation and oxidation of organic matter, the finer soil particles are more easily washed
downwards to fill and plug the pores and spaces in the subsoil. According to some estimates
the top soil of the world is being depleted at the rate of 0.7% per year (Brown and Wolf,
1984). The FAO (1984) estimated that if soil erosion continues unchecked between 1975 and
the year 2000, about 18% of the rainfed cropland of the developing countries of the tropics
will be lost, and the crop productivity will fall by about 29%. Water erosion occurs if the
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combined power of the rainfall energy and overland flow exceeds the resistance of soil to
detachment (Hadley et. al, 1985). This can be expressed in conceptual equation (Hudson,
1985) as :[ Erosion = f(erosivity, erodibility)] the details of this equation (USLE) is shown
(Figure 1) below. Erosion can be triggered or accelerated by a climatic change, human
activities or a combination of these. According to Toy (1982), human activities are the most
common agent. Man induced erosion processes result from the readjustment of the
environment, whose natural cUmate equilibrium has been upset by man (Tricart and
Cailleux,1972)
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wind erosion

Erosion by wind is an important climatic factor in the desertification process. It is a
mechanical agent, and it can affect the physiology of plants.
Generally, removal or depletion of vegetation or vegetative residues which protect the land
is the basic cause of soil erosion by wind in agricultural fragile lands.
Movement of soil particles by wind begins when the pressure of the wind against dry surface
soil grains exceed the force of gravity on the grains. Only when grains capable of being
moved by saltation (jumping) are present in the soil can wind erosion occur (Bergsma, 1982).
The first grain moved by the wind bounces against another grain and is propelled into the air
where it gains horizontal momentum before falling back to the ground. When the grain strikes
the ground it dislodges larger and smaller particles which continue the process. Preceding
downwind, the number of grains saltation increases to the maximum concentration the wind

can carry, if the eroding is large enough. Dust particles lifted from the ground by saltation
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may rise sufficiently high to be carried in suspension for long distances. Loes is
predominantly silt size dust particles picked by the wind in the dry pleistocene valleys and
deposited over huge areas in the United States, the former Soviet Union, and China. Lager
and heavier soil grains can be moved by surface creep, which consist of sliding or rolling
along the surface rather than jumping.
2.2.2 DEGRADATION BY INTERNAL SOIL DETERIORATION
This category describes soil degradation types as a result of internal soil deterioration. In this
category only in-situ effects are recognised on soil that has been abandoned or forced into less
intensive usages.
2.2.2.1 physical degradation
Physical degradation refers to the deterioration of the physical properties of the soil. This
includes the following:
A. Sealing and crusting.
Decline in soil organic matter content, degradation of soil structure, reduction of biotic
activity and drying accompanied by high soil temperatures, each individually or in
combination can cause crusting. Raindrop is said to exert 3 important influences:
i - mechanical impact of rain detaches soil
ii - its beating tends to destroy granulation and
iii - its splash, under certain conditions, affects an appreciable transportation of soil
The exerted force is so great that soil granular not only are loosened and detached but also
they may be beaten to pieces. Under such hammering, the aggregation of a soil so exposed
practically disappears. If the despised material is not removed by runoff, it may develop into
a hard crust upon drying. Such a layer is unfavourable in many ways such as root penetration,
promoting runoff and erosion (Brady, 1974).
Mcintyre (1985) found that crust was made up of two parts: A surface skin, 0.1mm thick,
thought to be produced by raindrop impact; and a "washed-in" zone, up to 3mm thick, of
decreasing porosity attributed to the deposition of fine material in pores. The "washed-in"
zone is often absent and it appears to be restricted to soils with unstable structure.
A laboratory study of crust formation by Amdt (1985) throws some light on how crusting
processes might extend down through Al horizon. He produced a surface crust or seal
consisting of a surface layer of slurried soil above a layer of 3 to 10 mm clods cemented
together by slurried soil. As a result of reduced infiltration, the clods beneath the crust were
slowly wetted by capillary action. This will reduce the amount of entrapped air so that clods
were not broken down and were only weakly cemented together. When the clods were wetted
by gentle flooding instead of intensive rainfall, the whole layer of clods used in the
experiment was saturated and slurried before a protective seal could form. Slumping occurred,
and upon drying the whole layer was fused into a crust 20mm thick, in contrast with the 6mm
seal over 20mm of intact clods found with the rainfall treatment.
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CoUis-George and Greene (1979) have studied the infiltration behaviour of column of dry
aggregates from a hard setting soil that were surface ponded to simulate flood irrigation or
the situation beneath irrigation furrows, as a function of aggregate size. They observed that
slaking caused the development of a surface layer that subsequently delayed infiltration and
therefore the soil beneath will have been tension wet. They found the depth of the zone of
slaking increased from 0.002 to 0.13m, with an increase in aggregate size from 0.25 to
0.50mm to 2 and to 3mm.
B. Compaction
An important process of land degradation is compaction which is the deterioration of
structural properties of a soil and its ability to regulate water and air movement through the
profile.
A lot of work have been carried out by different scientists to establish a strong link between
animal grazing, man activities and machine traffic to soil and soil and plant interactions.
Efforts in this direction have been made by Boone (1986), who discusses the concept of
critical soil density in relation to optimality of various plant related processes. The aim is to
identify limiting factors for given crops, soils and climatic conditions and to establish
relationships between soil compactness and the major soil related limiting factor. In some
situations, limiting factor may be moisture, in others it may be aeration or nutrient status.
Excessively compacted soils suffer from poor aeration and low hydraulic conductivity, none
of which is welcomed by most plants
Plant growth involves physical, chemical and biological processes. In field production, soil
and atmosphere are considered most essential. The demands on the root system at any time
are governed by what we term photo synthetic potential, which may be thought of as some
combination of available light, C02, and the plant ability to absorb these by the above ground
portion of the plant. The degree to which that photosynthetic potential is achieved at any time
depends on the ability of the root system to supply water, nutrients and oxygen from the soil
and to exhaust respiratory C02. Maximum growth is obtained when the system can meet the
demands of the photosynthedc potendal given that the soil contains at least an adequate
nutrient and water supply as well as efficient mechanism for gaseous exchange. The higher
mechanical impedance of compacted soils, or compacted layers, restricts the depth of root
penetration as well as the overall root density which implies slower root development. The
most obvious effect of restricted root penetration on the plant is reduced access to water and
nutrient supply. Limited penetrarion to the sub soil can be cridcal during dry spells. It has
also been suggested that restricted root penetration can reduce the ability of root systems to
overcome the harmful of top soil resident pathogens. In a survey of Pea fields in south
western Quebec, Canada, Vighier and Raghavan (1982) found a relationship between dry bulk
density and root disease index. A regression model based on results from latter field trials
showed that for given levels of infestation, yield decreases with increases in soil bulk density.
Compaction induced changes in the water regime affect microbial activity such that the
nitrogen balance favours ammonium over nitrate nitrogen as compaction levels increase with
unfavourable effects on yield (Voronin,1982).
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Data from a study on sugar beet in Canada grown on plots subjected to various compactiontillage treatments and then left fallow for six years provided evidence of poorer yields due
to the persistent effect of residual compaction on nitrogen balance (Mohammad, 1987).
Maximum yields are obtained when conditions are optimal throughout the growth cycle i.e
when a temporal coherence between plant development, weather, and soil conditions through
the profile is maintained as can be done artificially controlled environment (Lai and Stewart,
1990). The balance be upset in a compacted soils.
Compaction studies have resulted in the recognition of important general relationships
between the soil compactness and yield (Eriksson et al 1974).
C. aridification
To many people aridification is a natural process and in the first glance may mean changes
in climate. As the term suggests, aridification denotes degradation of soil moisture regime.
Soil moisture regime is defined in terms of the presence or absence of water held at a tension
less than 1500 kpa in the moisture control section by periods of the year (USDA, 1975).
Water held at a tension of 1500 kpa or more is not available to keep most mesophytic plants
alive. It is assumed in the definitions that the soil supports whatever vegetation it is capable
of supporting.
Although climate data are used to determine it man has a considerable influence for instance
on the lowering of local base ground water level (deep ground water depletion excluded)
(GLASOD, 1988).
Analysis of rainfall in soil moisture regime changes towards aridity is normally regarded a
good indication of aridification, because drought and aridity are clearly related phenomena.
Aridity results from a permanent rainfall deficit. Drought is a prolonged departure from
normal rainfall. For Farmer and Wigley (1985) drought is an interval of conditions more arid
than the prevailing norm, "a temporary aridity".
In Africa, the Sahelian and Sudanian ecosystems are the most frequently drought affected.
They are ecozones where drought susceptibility is at a maximum.
2.2.2.2 biological degradation
Reduction in soil organic matter content, decline in biomass carbon, and decrease in
vegetation diversity are good indications of biological degradation. The indiscriminate landuse
and deforestation being embarked upon in semi-arid areas of Africa coupled with persistent
drought have serious consequences on the stabihty of the ecosystem.
In the tropics rapid decline in the soil organic matter content is a direct effect of continuously
high temperatures throughout the year. Some studies have shown that the rate of
mineralization of organic matter content in tropical soils may be four times greater than in
temperate region soils (Jenkins and Anayaba,1977).
Reduction in organic matter content not only decreases the structural stability,it also has an

11

effect on plant-available water and nutrient reserves in the soil. Organic matter content is very
vital in the tropics where clay type is of 1/1 structure (low CEC ). The higher the organic
carbon content the better the CEC status and the fertility of the soil. Population of Soil Microorganisms is said to be proportional to the soils organic matter content and to the fertility of
the soil. (Jenkins and Anayaba, 1977).
2.2.2.3 chemical deterioration
Salinity is a common problem in arid and semi arid areas as a consequence of the excess of
potential evaporation over rainfall, combined with inappropriate land use. Too often attention
focuses on building of Dams and various types of irrigation systems, which brings large profit
for construction companies, while the need for adequate drainage is neglected. If irrigation
water cannot be drained away waterlogging results. In dry season, high temperature increases
the evaporation and seepage of water to the top soil. As water evaporates , soil water becomes
saltier and salts are deposited as a white crust on the surface. Salinity leads to lower crop
yields, and sometimes relocation of farms.
In dry lands, an estimated 500,000 hectares or about one eight of the area under irrigation
each year, becomes saline annually (Dregne, 1983a; Mabbut, 1984). Half of all irrigated lands
in South East Asia have salinity problems (UNEP,1991). Pakistan and India are the most
seriously affected countries. Pakistan is heavily dependent on irrigated cultivation, and that
accounts for three quarters of all cropland, according to estimates, 30 to 60 % of its 15
million hectares of irrigated cropland suffers from salinity.

2.3 CAUSATIVE FACTORS OF LAND DEGRADATION
Several factors are believed to cause land degradation processes, among them are overintensive annual cropping necessitated by increasing demographic pressure, overgrazing,
deforestation, poverty and harsh climatic conditions.
A. Overgrazing of pasture lands
Overgrazing is a major cause of desertification in the Sahelian Africa and range lands,
accounts for almost 90% of desertified lands (Mabbut, 1984). Though the syndrome is
recently considered not as simple as was first thought, since desertification takes place
throughout the dry lands, not just on the edge of the desert. Overgrazing results when
livestock density becomes excessive and too many animals are grazed on the same area of
rangeland, leading to the degradation of vegetation and the compaction and erosion of soil.
In the Sahel of Africa with much of the grazing problems, livestock density can rise in four
steps (Grainger, 1990):
a. herd size has tendency to grow too large during wet years to be sustained by the limited
pasture growth in dry years.
b. area available for grazing decreases as nomads are displaced by fanners growing crops
either on marginal rangelands previously used for grazing, or on former dry season pastures
in the wetter, mixed agricultural zone.
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c. livestock become concentrated around villages by nomad resettlement schemes and along
herding routes made popular by the sinking of boreholes.
d. Traditional controls on the grazing of range lands exercised by traditional rulers is
gradually being phased out leading to breakdown and crises.
Overgrazing leads to reduction of the carrying capacity, reduction of palatable plants, with
nutritive ones decreasing and preventing rehabilitation, as does the trampling, which reduces
infiltration of rainwater. A further concentration of animals on the remaining overgrazed land
inhibits the chance of vegetative recovery. Pastoral people to maximize the number of
livestock, irrespective of quality, because they believe that disaster strikes in percentages
(Mainguet, 1991). In the steppe of Algeria, since the beginning of the century the number of
goat has reached 10 million head. This number fell to 4 million during the droughts
(Mainguet, 1991).
In Niger Republic, it is certain that disaster is at its maximum in the pastoral communities.
The ability of dry land environment to sustain pastoral populations has drastically decreased.
B. Deforestation.
Deforestation is a major factor of soil degradation in the tropics. Roose (1970) observed in
Ivory Coast, West Africa that runoff and erosion increased 50 and 1000 times by
deforestation. In Sudano-Sahelian areas the traditional land preparation method of 'slash and
burn' both for crop cultivation and animal feeding with persistent wood cutting is primarily
responsible for the loss of biological diversity. This often leads to a secondary type of
vegetation with predominantiy unpalatable weeds and shrubs.
C. Over intensive annua! cropping.
Overcultivation occurs when farmers try to crop the land more intensively than permitted by
its natural fertility, and fail to compensate for the export of nutrients in the crop by using
artificial fertilizers or fallowing land for natural regeneration. Overcultivation therefore
reduces the fertility of the soil, damages its structure and exposes it to erosion. In dry land
areas, rainfed farmers cultivate a larger area to try and maintain their total yield. They can
do this because the weed growth is also correspondingly less in time of drought. This leads
to the exposure of larger areas of soil to erosion. Overcultivation could also be caused by
pressure from government to shift to foreign exchange yielding cash crops. Cash cropping
itself causes soil degradation if practised on marginal lands, as does the mechanization
fanning practices unsuited to fragile soils (Grainger, 1990; Farshad, 1990).
D. Climatic factor.
There are disagreements as to whether the cause of desertification can be totally ascribed to
man's influence. However, studies of Helden (1984) and Olson (1985) in Kordofan, Sudan
showed that 'signs of desertification were more visible during the extremely dry periods... it
has not been possible to find a consistent trend of a degrading landscape'.
Rainfall in the semi-arid areas of West Africa can best be characterized by its irregularity.
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Irregular rainfall in the area is due to variation in the northerly advance of the intertropical
front, with its trailing heterogenous air mass, as it follows certain distance behind the sun in
its swing around the equator. When the front goes far to the North, rainfall is heavy and the
rainy season is longer than average.
If on the other hand its northward movement is limited, rainfall is inadequate, the rainfall
season is shorter and evaporation increases so that the soil, already insufficiently moist, dries
up more rapidly. Rainfall is irregular both in space and time.
2.4 DEGREE OF PRESENT DEGRADATION.
The GLASOD approach recognised degree to which a land is degraded in relation to its
agricultural suitability and its biotic functions . In some cases, the degree of present
degradation can be related to declined productivity. The following degrees are used:
None: Where there is no sign of present degradation from water or wind erosion, from
physical, chemical or biological deterioration . All biotic functions are intact.
Slight: The terrain is suitable for use in local farming system, but with somewhat reduced
agricultural productivity. Restoration to full productivity is possible by modifications of the
management system. Original biotic functions are largely intact.
Moderate: The terrain is still suitable for use in local farming systems, but with greatly
reduced agricultural productivity. Major structural alterations are required to restore
productivity eg contour banks or gully reclamations for eroded lands.
Severe: The terrain is unreclaimable at the farm level. Major engineering works are required
for terrain restoration. Original biotic functions are largely destroyed.
2.5 RATE OF LAND DEGRADATION
This is an estimate of the present medium term rate of soil degradation. Instances of soil
degradation during critical periods should be totalled and averaged over the last 5 to 10 years
in order to define whether the rate is slow, medium or rapid. Estimation of the frequency of
occurrence of a certain type of degradation comes from local knowledge or through remote
sensing interpretations. The frequency of occurrence of a certain type of degradation within
each mapping unit is the percentage of land affected.
A. Infrequent
B. common
C. Frequent
D. Very freq.
E. Dominant

: 1 - 5%
: 6 - 10%
:11 - 25%
:26 - 50%
:51 - 100%

2.6 EXTENT OF THE TERRAIN AFFECTED
Extent of the terrain affected is indicated according to the following ratings:
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A. Infrequent : 1 - 5% of the terrain affected.
B. common
: 6 - 10%
C. Frequent : 11 - 2 5 %
D. Very freq.: 26 - 50%
E. Dominant : > 50%
2.7 MONITORING LAND DEGRADATION / DESERTIFICATION; APPLICATION
OF REMOTE SENSING AND GIS
In last decade remote sensing has proven its potential for earth observation and has become
a powerful tool in many fields. The unique opportunity offered by the approach includes a
small scale surveillance of real time changes on fragile lands using low resolution
meteorological satellites such as meteosat and NCAA for regional planning activities in areas
of special interest using medium to high resolution satellite data like Landsat MSS and
Landsat TM. The use includes local investigations to support community planning activities
etc, using high resolution data which until now, could only be provided by aerial surveys. At
regional level, data from the Landsat MSS system created an unexpected possibilities by
providing unbiased, current, synoptic and multi temporal images. This opened up new
horizons, particularly in land cover mapping and monitoring on medium to small scales.
However, the insufficient sensors parameters limits the application of Landsat MSS in
spectral and spatial resolution(UNEP, 1991). The situation was improved when data from the
second generation earth observation satellites became available, in particular that of Landsat
TM and SPOT. This increased potential for applying remote sensing satellite data to practical
ends, such as in monitoring desertification.
A geographic information system was used by Gesch and Nange (1984) to compare landsat
MSS and TM and a digital elevation model as input for the USLE coefficients.
Remote sensing techniques in combination with ancillary information and spatial models in
a GIS was used for the study of land degradation and desertification in the Sudan (Olson,
1985).
Walsch (1985) used remote sensing as an input for land data cover for GIS procedures to
obtain a surface hydrology map of selected watersheds with a view to depicting surface
pollutant movement arteries. Soil, cover, terrain and climatic data have been input into the
"ANSWERS" model to evaluate components of non - point pollution.
Millington (1986) developed a GIS for soil erosion risk evaluation in sierra leone. The
objective were to asses the current spatial distribution of erosion and the changes in this
distribution with and without conservation practices "scenario developments".
However, remote sensing alone without the relevant ancillary information is often insufficient
to yield reliable result concerning inventories of natural resources and environmental
monitoring. (Olson, 1985). The remedies to the weaknesses of remote sensing is to combine
it with ancillary information in a geographic information system (GIS). Three American
geographers(Estes, et al.,1980) expressed it very strongly as follows: 'When allied with the
traditional cornerstone of geography, i.e. cartography, in its new digital raiment, the two
techniques can go far beyond being mere technologies. We predict they could change our
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perceptions, our methods of data analysis, our models and paradigms'. Much of the modern
development in remote sensing aims at integrating data through the GIS capabilities from
different sources in order to improve the quaUty of the resulting maps. The improvements are
of two kinds: (Olson, 1985)
1. Improved classification accuracy. This can be achieved by integration of several maps e.g
soil map, landuse map e.g. digital soil maps or elevation data for improved classification
result of mountainous forest.
2. Improved utility of the resulting maps. The cartographic quality may be improved by
overlays of e.g. roads and administrative boundary.
A. data preprocessing
Multitemporal analysis of data requires proper calibration of different images chosen. There
are normally two principal influences that affect image data, namely: satellite sensor
characteristics and atmospheric conditions at the time of recording.
Sensor characteristics have varied between the different landsat versions as well as gradually
over time for each satellite. The MSS scanners are continuously calibrated on board. A
compilation of calibration data for different landsat satellites was presented by Robinove et.
al. (1981). One way of making data from different dates comparable is to transform the digital
grey levels to reflectivity values. The correction for atmospheric scattering is usually
transformed using the formula presented below (Robinove et. al. 1981)
Ri = (Bi - Bimin) / (Gain * sin a) where:
Ri = Reflectivity (mW/cm2 sr) in band i
Bi = Digital grey level (DGL) in band i
Bmin = Minimum DGL in band i (in full uncorrected landsat scene)
G = Gain per unit radiance
a = Solar elevation angle (as noted in landsat image annotation)
B. image processing
The digital image from landsat consists of an enormous amount of information. The
information are divided into three types of image elements, spectral, textural and context
information (Haralick & shanmugam, 1974). Spectral information relates to band to band
variations of a single pixel in a muti-spectral image. Textural information relates to the spatial
distribution of pixel values. Texture is usually measured in a local neighbourhood of a pixel.
Context information relates to a prior knowledge of the surrounding of a pixel or region. The
two kinds of information are denoted as spatial information. One important difference between
manual interpretation of images and computerized analysis of digital data is the treatment of
spatial information. The manual interpretation of images is to a large extent dependent on
textural and context information, i.e. the interpreter does not consider the actual point to be
classified but also take the surrounding into consideration in the classification procedure
(Olson, 1985). Computer classification on the other hand, is entirely based on spectral
information in the pixel to be classified, size of which varies between different satellite
documents.
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1. Principal Component Analysis
Principal component analysis is a data transformation technique commonly applied in
multivariate statistical analysis. The aim of principal component analysis in remote sensing
and especially in land degradation is to remove redundancy in a multispectral image by
rotating the axis into principal components which maximise variance in the data.
The technique essentially consists of choosing uncorrelated linear combinations of the
variables in such a way that each successfully extracted linear combination (called a principal
component) has a smaller variance. If the variables have significant linear intercorrelations,
the first few components will account for a large part of the total variance, providing a
systematic means of reducing the dimensionality of multichannel image data. This thus
produces decorrellated images (the data in the original channels are redistributed, by means
of a linear transformation of channel variables, between the same number of new channels
are uncorrelated).
The first, second and third principal component (pc) images normally contain appreciably
more information than any three of the raw channels. PCI and PC2 usually account for the
98% of the total variance of data sets (Mulders, 1987).
Apart from data reduction, principal component analysis can be of value in enhancing regions
of localized change in multi dimentional images (Richards, 1984).
2. Biomass indices
Multitemporal interpretation of the vegetation index is often considered a good indicator of
land degradation (Helden, 1978; Olson, 1985).
The spectral reflectance of green vegetation is distinctive and very much dependent on wave
length. The chlorophyll absorbs radiation in the visible part of the spectrum. The reflectance
is on the other hand very high in the near infra-red parts of the spectrum. The landsat MSS
bands can be combined in different ways in to enhance the green vegetation signature. A ratio
between the NIR band (MSS 7 or MSS 6) and a visible band (MSS 5 or MSS 4) will be very
sensitive to changes in the green vegetation signature. A large number of vegetation indices,
based on the NIR/visible red ratio, have been developed and tested by numerous authors
e.g.(Tucker, 1979, Adeniyi et. al. 1988). The formula commonly used is shown below:
VI = (MSS 7 - MSS 5) / (MSS 7 + MSS 5) * 127 + 128
2.8 DISCRIMINATION OF ACTIVE AND INACTIVE SAND DUNES FROM
REMOTE SENSING
In recent years, the concern for the millions of people under the threat of drought, famine and
starvation has increased a new interest for various technique of studying desertification.
Desertification is the long time results of degradation of several factors from a combination
of ecologie, socio-economic, and management problems including overgrazing, deforestation
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and worsened by frequent droughts with inappropriate cultivation practices. This induces
accelerated wind and water erosion, and improper water management leading to salinization.
In £irid and semi arid regions, monitoring environmental changes with remote sensing has
become a valuable tool for assessing desertification (Robinove et al., 1981; Tuker and Justice,
1986; Jacobberger, 1988). Sand encroachment and remobilization of stabilized dunes are
major manifestations of desertification as they are usually associated with fertility decline and
decrease in crop yield.
The ability to discriminate active and inactive sand by remote sensing is quite promising and
could add new dimensions to the present global effort to model the extent of sand
encroachment and form the basis for prediction of sand movement in decades to come 'if all
conditions of the area remain same'. It could also be used to interpret regional geologic
histories ( Elizabeth et al., 1991).
Landsat TM images, field data, and laboratory reflectance spectra were examined for the
Kelso dunes, Mojave Desert, California to asses the use of visible and near infrared (VNIR)
remote sensing data to discriminate aeolian sand populations on the basis of spectral
brightness. Results show that areas of inactive sand have a larger percentage of dark, fine
grained materials compared to those composed of active sand, which contain less dark fine
particles and a higher percentage of quartz sand size grains. Both areas are spectrally distinct
in the VNIR, suggesting that VNIR can be used to discriminate active and inactive sand
population in the Mojave Desert.
In North West Nigeria, the dry North East seasonal wind known as Harmattan blowing across
from the Sahara, is the principal agent responsible for dune formation and movement. The
amount, size and weight of the particles usually carried depend on the velocity of the
movement. The particles are usually sorted out with coarser materials deposited as dunes in
desert margins while the medium sized particles and finer materials are blown further in the
hinterland. The active sand can be differentiated from stabilized dunes. Stabilized dunes have
lower reflectance values because of cultivation and grass cover.
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CHAPTER 3
GENERAL DESCRIPTION OF THE AREA

3.1 LOCATION

The study area is located in the North Western pan of Nigeria. It is bordered in the North and
North-West by Niger Republic, in the South-West by the Republic of Benin, in the South by
Katsina, Niger and Kwara states respectively. The former Sokoto state now Sokoto and Kebbi
states has a total land area of 94,558 km squared and lies approximately between latitudes
10°8' and 130° 55'N and between longitudes 3°30' and 7°15'. The present study area lies
between latitudes 13°00' and 13°10'N and longitudes 5°00' and 5°30'E (see figure 3.1).
The study area has a relatively good network of all season motorable roads and highways
that link most of the important towns and all the local government areas of Sokoto and Kebbi
states. The Nigeria railway line runs from Kaduna through Zaria to Gusau and terminate in
Kaura Namoda. The latter two towns are in Sokoto state.
3.2. CLIMATE
3.2. L Rainfall
The climate of the study area is semi-arid tropics (SAT) generally defined as regions where
the monthly rainfall exceeds the potential evapotranspiration in 2-7 months and where the
mean monthly temperature is above 18°c (Siderius, 1987). The area has one wet season ( May
- September ) and one dry season ( October - April ). The rainfall characteristic shows a
marked seasonal variation, unUke temperature which is fairly unifonn throughout the year
except for the day and night differences. Average rainfall of some selected towns in the state
ranges from 700mm for Sokoto (28 years), 572mm for Gumi ( 12 years) 1018mm for Gusau
(18 years) and 1029mm for Zuru (38 years). The rainfall is concentrated within mid May to
mid September, the wet season, while the dry season lasts from November to April. The
characteristics of the rains in Sokoto area is that of high intensity and short duration. These
rainfalls set in when the ground is devoid of all vegetal cover and consequently, soil
detachment, transportation and sedimentation particularly in the water channels, are hiiih. (
see figure 6.2).
TABLE 3.1 (A) MEAN ANNUAL RAINFALL DATA OF SOKOTO 1951 - 1979 (mm)
1951

1952

1953

1954

1955

1956

1957

1958

1959

49.3

73.7

61

79

61

58

74

74

46

1960

1961

1962

1963

1964

1965

1966

1967

1968

74

53

58

66

61

81

58

51

41

1969 11970

1971

1972

1973

1974

1975

1976

1977

1978

58

41

48

33

39

46

71

69

48

YEA
R

YEA

1^

79

20

1

1979

1 46 J
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4000 KM

OTHER (B) OTHER CLIMATIC DATA
MONTH

MEAN
RF.
1951-1979
(mm)

MEAN
AIR
TEMP. °C

MEAN
MONILY.
ETP
(mm)

AVERAG.
REL.HUM
1953-1962
(%)

MEAN
MONTHL.
SOIL
TEMP. AT
°C,DEPT.
120,30CM

JANUARY

0.1

23.9

121.4

18

28

26

FEBRUARY

0

27.2

125

14

30

29

MARCH

0.8

29.7

150

19

32

31

APRIL

9

32.3

168

35

34

33

MAY

39

32.2

184

50

33

31

JUNE

98

29.3

169

61

32

30

JULY

179

27.4

150

75

31

28

AUGUST
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3.2.2 Temperature
Temperature is generally high in Sokoto area with an average value of 30° for the warmest
months March to June and 24°c for the coolest months December to January (figure 3.3 ).
The temperature regime of Sokoto according to Newhall computation is Isohyperthermic and
moisture regime Ustic and tentative subdivision Aridic tropuistic.The soil tempareture data
shown in table 3.1 is representative for Sokoto state.
3.2.3 Relative humidity
There is a general marked decrease in vapour pressure during the harmattan period resulting
in a considerable drop in humidity. The relative humidity for Yelwa a neighbouring town,
ranges from an average of about 78% in the rainy season (May - Oct.) to about 42% during
the dry season months of November to April (figure 5).
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3.2.4 Wind
Two alternating and antagonistic air masses (North-east and South-West wind) blowing from
nearly opposite directions are known to influence the climate regime of this area. The air meet
at a zone of discontinuity stretching east - west across West Africa and variously called the
Inter tropical Front (ITF), the inter tropical discontunity (ITD) and the inter- tropical
convergence zone (ITCZ). The influence of the North Easterly wind causes dry season while
that of the humid maritime airmass causes the rainy season.
3.2.5 Evapotranspiration
Table 1 shows the mean monthly evapotranspiration data for Sokoto.The annual
evapotranspiration for Sokoto is 1671mm, it is high for the months of March to June while
lower values are recorded for the remaining months (fig.5)
Generally, evapotranspiration values exceed rainfall values during the months of October to
May. Soil moisture deficit therefore occurs in most part of the year. This means that rainfed
agriculture is restricted to about four months in the year.
Sokoto is therefore classified as having an Ustic moisture regime ( U.S.D.A., 1990; Newhall
program, 1986).
3.3 GEOLOGY
Reports on the geology of the study area are quite controversial. The following paragraphs
are written on the basis of fieldwork findings plus the in text referred publications.
Two major geologic regions are distinguished (fig. 3.4), a region underlain with pre-cambrian
basement complex rocks in the South East and a region of cretaceous and tertiary sedimentary
rocks in the north and western portions of the state. Regions of recent alluvial materials are
confined to the Sokoto and Rima river valleys. McCurry (1974) inferred that Sokoto is
perhaps the most interesting area of basement geology in Northern Nigeria,because all the
major units are present, including extensive belts of younger metasediments not present
further east (Table 3.2). Some of the reported rock types identified in the basement complex
area of Sokoto state include migmatites, quartzites, conglomerates, metasediments,
metavolcanics, sheared volcanic rocks, granitic and basic intrusions, complex, volcanic
complexes and dyke complexes.
Ajibade (1974) divided the basement complex into three groups as follows:
A. Zuru quartzite formation.
B. Wonaka schist formation.
C. Anka meta conglomerate schist formation.
McCurry, (1974) indicated that most of the belts are composed of predominantly pellitic and
semi-pellitic schistphyllites with subordinate psammitic facies. The principal rock types East
of longitude 6°20' are mica(biotite, muscovite) schists which grade laterally into coai'ser
grained plagioclase bearing micaceous schist. Some of these schist are to contain garnet
rhyolite. Graphite schists occur as subordinate facies, and are often with magmitite.
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Fig. 3.5b STEREO-PLATE

A - PLATEAU The same locations are indicated in fig. 6.10a from MSS
B = PIEDMONT
C = VALLEY

Amphibiolites and calcsilicate rocks also occur. Graphite rocks of older granite which include
porphyritic biotite granites, fine and medium grained biotite, granodiorite, diorite, gabbro and
syenite.
McCurry, (1974) inferred that older granite were originally basic and intermediate intrusives
represented by small,irregular bodies of quartzite and pyroxene diorite and gabbro. These
rocks have been extensively intruded by latter acid basic complex. Granitisation is also known
to have profoundly modified earlier rocks of this group which resulted in widespread
magmitites and granitic rocks.
Lateritic (ironstone) in different stages of consolidation are found on all the sedimentary
deposits of Sokoto state. They occur on scattered hills over all the formation and in some
cases, they are several kilometres square in extent especially over the gwandu geological
formation.
Recent and old alluvium materials are deposited in valleys over all the sedimentary basement
complex rocks of Sokoto state. The Rima and Sokoto rivers have alluvium deposits all along
their courses.
The sokoto coversand deposit occur over a wide stretch in the area of tertiary deposit. Their
origin is believed to be sandstone of Wumo and Taloka formations, both belonging to the
upper cretaceous (Sombroek and Zonneveld, 1971).
The thickness varies from about 5 and 40m near scarps and between 0.5 and 5m in the
piedmont and on the mesa of the plateau. The cover sand have inherent meso-relief which is
apparent in the North west part of the study area in ENE - WSW direction. It consists of
groups of small, somewhat elliptic dunes of several tens of meters long. The top in certain
cases are parabolic and some nearly flat probably due to the mode of deposition (Sombrooke
and Zoneveld, 1971).
The surface of the active sand area show no sign of sealing, augering is easy. The soils of
these areas mainly fall into Ustic quartszipssamment as discussed in greater detail in chapter
4 and Table 3.2 pre-Quatemary geology presented in local village names indicating deposition
areas.
3.4 GEOMORPHOLOGY
Geomorphologically, 3 landscapes are distinguished: Plateau, Piedmont and Valley.
Sokoto area has complex geomorphic history, beginning in the Jurassic period with the
formation of the oldest known erosion siuface, referred to as the Godwana peneplain (FAO,
1969). During the middle cretaceous a general subsidence must have occurred, and the
godwana surface was covered with sediments referred to as Illo and Gundumi sediments.
In the early tertiary period the deposition of what is referred to as 'Kalambaina' sediments
took place after a general subsidence. During the Eocene there was apparently a local
subsidence to the south west of Sokoto and the marine and lacustrine facies were deposited.
After middle tertiary, the whole basin area was uplifted and sedimentation was replaced by
considerable erosion. This resulted in a landscape with low tabular hills and scarps (abrupt
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differences in altitude up to about 50m), due to the presence of the erosion resistant layers
of indurated plinthite which had all formed during the cretaceous - tertiary, at moments of
relative stability and imperfect drainage of the land (Sombroek and Zonneveld, 1971). A
period of stability during the miocene caused new pediplanation of the basement complex
area.
At the end of tertiary a final shaping of the basement must have taken place during which the
present courses of the main rivers were formed.
3.5 HYDROLOGY
The area is drained by four main rivers , Sokoto, Rima, Bukkuyum and Niger rivers and its
tributaries. The rivers are controlled in general by the relief of the area.
Flood plain occupies less than 10% of the arable land in Sokoto state, yet contribute to more
than 39% of crop production.
The unpredictable nature of the rainfall in the area and its consequence on crop production
and most especially the catastrophic 1968 to 1974 drought which affected the Sahel and sub
Sahelian areas of West Africa prompted the construction of Goronyo and Bakolori Dams by
the Federal government of Nigeria. The dams presently irrigate thousands of hectares in both
Sokoto and Rima basins. In the past the rivers flow all the year round with high discharge
during the rainy seasons, but in recent years the flow is regulated by the dams.
3.6 VEGETATION AND LANDUSE
The natural vegetation of Sokoto area is largely that of Sudan savanna. The shrubby and
thorny vegetation of the Sahel zone occur extensively too. The major plant species are
Acassia albida, Acasia Senegal, Balanite aegyptica, Calotropis procera, Azidacta indica,
Anogeisum leicurpus, Ziziphus mauritiuria etc. The grass species consist predominantly of
Andropogon gavanus.
In the flood plain, grasses are concentrated in the uncultivated part. On the rugged slopes, eg
the lateritc capped sandstone plateau area, it is virtually devoid of vegetation in this area, it
provides grazing grounds for cattle and the red skinned Sokoto goats.
Agricultural landuse in Sokoto State is dominated by a grain economy based on the
cultivation of millets as the primary crop. Guinea com, upland rice, and maize are secondary
crops in the area. Cotton, tobacco, onions and groundnuts are also well cultivated. The river
flood plains (Fadama) are generally cropped with various varieties of rice, onions, pepper,
sugar cane and some tobacco.
The technique of land utilisation and management is predominandy the traditional farming
pattern devoid of modern technology and necessary inputs. Irrigation agriculture is widely
used with limitations of water in the dry season. However, the irrigation schemes are making
considerable progress in annual expansion of irrigable lands.
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3.7 POPULATION
Since the 'oil boom' of the 1970's and the creation of states, large and medium urban centres
in Nigeria have been experiencing rapid population and economic growth. This growth is
accompanied with perceptible, and in most cases, precipitous conversion of prime agricultural
lands to urban purposes (Figure 6.1).
Sokoto occupied a central position in trans-saharan trade in the 17, 18 and the 19th century
as a link between West Africa and North Africa, this led to an upsurge in the population of
the area. In 1804, uthman Danfodio declared a 'jihad'(holy war) and Sokoto became the
capital of the caliphate. Its administrative functions was further increased in 1976 when it
became the capital of Sokoto state. The increased administrative functions of the town led to
the increase in population from 89.817 in 1963 to 185.530 in 1986 and about 300.000 in 1991
(National Population Bureau). This increased the employment opportunity both in government
sector and private enterprises.
The population of towns and villages are concentrated along side the main rivers of Sokoto,
Rima, Bukkuyum and Niger rivers. The population of Sokoto is mainly Hausa and Fulani
tribes. A sizable proportion of the Fulanis have a nomadic way of life while others are
sedentary. The cattle graze mainly on the poor soils covered with tree and shrub savanna
during the wet season, and on the stubble of the arable fields after the harvest (see appendix
3 for crop calender) and at minimum scale in the Fadama (seasonally flooded valley) in areas
not irrigated. The trend of population increase 1962 to 1991 is shown in table 6.2 and figure
6.1
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CHAPTER 4
THE SOILS
The field work activities in North western Nigeria lasted 8 weeks from early May to early
July. The field work basically has two broad aims, to produce a semi-detailed soil map, asses
and gather data on the essential land degradational characteristics. On the whole, a total of
15 modal profiles, 52 minipits and 120 auger holes were made both in the sample areas and
outside to cover the soils of the project area.

4.1 LOCATION OF SAMPLE AREAS
The selection of sample areas were based on the information obtained from aerial photograph,
topographic map, geologic map and the local knowledge of the area (see figure 4.1). Aerial
photo interpretation of the sample area at scale 1:50000 led to a more precise delineations of
the mapping units as defined by landscape, relief, lithology and landform (Zinck, 1988). For
details see the soil map figure 4.3.
In each sample area investigations were carried out in the mapping units according to changes
in physiography. The soils were described in minipits, augers, road cuts and profile pits.
Sample area 1 covers the area to the North of Sokoto town, between Dundaye village and
Uthman danfodio university. It occupies area of about 2519 hectares (see fig. 4.1). The three
main landscapes are well represented. The profiles 1 (Typic ustifluvent in val 11), 2 ( Arenic
paleustalf in pil 11), 6 (Fluventic ustropeptin val 11) and profile 7 (Arenic paleustalf in p i l l )
are located in this sample area (see appendix 1).
Sample area 2 is located to the East of Sokoto town occupying a total area of 2473 hectares.
It covers the town of Durbawa and several other villages along the river Sokoto. Profile 8
(Ustic quarzipsamment in pil 11) in the active sand is located in this sample area.
Sample area 3 is located to the West of Sokoto town covering the town of Wamako on the
bank of river Sokoto. The sample area 3 occupies a total area of 5039 hectares. Most of the
active sand in the study area are found in and around this sample area to the North of
Wamako town across the river. Profiles 9 (Aerie tropaquept in vall2) and 10 (Arenic
paleustalf in pil 12) are both represented in this sample area (see figure 4.1).
A brief description of the main soils of the mapping units are given under 4.2. The
description of the soil in the field was in accordance with the FAO guidelines (FAO, 1977).
The soil description was for the following properties per genetic horizon : horizon
designation, horizon depth, texture, structure, porosity, stoniness, mottling, presence and
absence of skins and weatherable minerals, etc. Colour indication is given for both moist and
dry conditions (see appendix 1(b), table 4(b) for analytical data and appendix 1(a) for profile
descriptions). In this study top soil characteristics commonly referred to is 0 - 20cm depth
exceptions are specified, and subsoil to a depth of 50 - 90cm. Soil depth classes are given as
0 - 25cm very shallow, 25 - 50cm shallow, 50 - 90cm moderately deep, 90 - 120cm deep and
> 120cm very deep.
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4.2 GENERAL DESCRIPTION OF THE MAIN SOILS
In the study area three soil orders of the soil taxonomy system are identified, namely:
Alfisols
Entisols
Inceptisols
(1) ALFISOLS
Alfisol is the main soil of the study area. It is the dominant soil both in the plateau and in
the piedmont. It occurs as an inclusion in the vale in piedmont. These soils have an argillic
horizon. They have broken and patchy, thin clay cutans on peds surfaces and in the pores.
Four sub groups are identified:
Arenic paleustalf, Lithic haplustalf,Lithic plintustalf, and typic rhodustalf.
Arenic paleustalfs
This is the dominant soil of Sokoto area occupying about 75% (25.694 hectares)of the portion
that constitutes proximal glacis 70% (25.404) of distal glacis and 70% of the plateau area.
The soils are deep, well drained with colour 7.5YR moist and lOYR dry. Soil structure is in
most cases medium sub angular blocky. The are slightly to moderately hard when dry, friable
when moist and non sticky - plastic in wet state. The soil PH is slightly to moderately acidic
between 4.4 to 6.8 H20 and KCL. Profile numbers 2 and 10 are representative details of
which are given in appendix 1).
Lithic haplustalfs
These soils occur dominantly in the vale of the plateau (mesa) a and as a minor soil on the
escarpment. The soils are shallow, well drained, with colour 2.5 YR 3/6, silt loam, with
moderate medium subangular blocky structure. The consistency is hard when dry friable when
moist and non sticky to slightly plastic when wet.
'Lithic' plinthustalfs
This is the dominant soil on the plateau (mesa), talus and the units grouped under slope facet
complex, and inclusion in the vale. The soils are shallow and associated with ironstone. They
are somewhat excessively drained, colour range from 5YR 5/4 to lOYR 3/4, sandy loam, and
with very fine sub angular blocky structure. The consistency is slightly hard when dry, friable
when moist and non sticky to plastic when wet.
Typic rhodustalf
This is a very shallow red soils with ochric epipedon dominantly found as thin soil on the
escarpment underlaid with hardpan. It also occur as an inclusion in the vale of the plateau.
The colour is 2.5YR 3/6, well drained, sandy loam, slightly hard when dry, friable when
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moist and slightly sticky when wet.
(2) ENTISOLS
Entisols are mainly developed in the alluvial materials in the flood plain. It occur as an
association in the piedmont and as an inclusion in the plateau. Entisols in the valley have dark
brownish colour with ochric A horizons. Quartzipsamment soils in the piedmont and plateau
are young soils developed from aeolian sand.
Two sub groups are identified:
Typic ustifluvent, Ustic quartzipsamment,
Typic ustifluvents
These are the dominant soils in the valley flat. The A horizon is 0 - 20cm thick, dark
yellowish brown lOYR 4/4 moist and brown lOYR 5/3 dry. Structure is very weak, mostly
massive, texture is sandy clay loam with few gravels.

The C layer is characterized by platy structure, hard, firm sticky and plastic with sandy loam
texture. The colour is yellowish brown lOYR 4/4 moist and lOYR 6/4 dry. The soil reaction
is slightly acid, PH values ranges 5.9 to 6.7 (see appendix 1).
Ustic quartzipsamments
These are very deep, somewhat excessively drained soil. Profile is generally brown with sandy
textures throughout. There is no structure in the upper horizon. There is a burried argilic B
horizon at depth below 200cm with weak with common interstitial pores throughout the
profüe. The colour of 0 - 25 cm is lOYR 4/6 moist, lOYR 6/6 dry and 25 - 140cm is lOYR
4/6 moist and lOYR 4/6 dry while 140 - 160cm is 7.5YR 5/6(Bt) moist, lOYR 7/6 dry and
160 - 200 lOYR 5/6 moist and (lOYR) dry.
(3) INCEPTISOLS
These are soils found dominantly in the basin and in the channel complex, and as association
in the levee.
Two main sub groups are identified:
Fluventic ustropepts and Aerie tropaquepts
Fluventic ustropepts
These soils constitute 75% of the soils in the channel complex and occur as association in the
overflow mantie and levee. The soils are deep, moderately well drained, colour is yellowish
brown to very pale brown profile with silty clay loam, sand and silt throughout the profile.
Aerie tropaquepts
These soils occur as the dominant soil in the basin complex and as inclusion in the overflow
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mantle and the channel complex. The soils are deep, dark yellowish brown (lOYR 4/4) moist,
silty clay loam, strong, coarse, sub angular blocky with hard sticky, firm and plastic. The PH
range from 4.30 to 8.30.
4.3 SOIL MAP
The soil map in figure 4.2 with legend in table 4.1 (a) and analytical data table 4.1 (b) were
produced based on the aerial photo interpretation and fieldwork data. The geopedomorphic
approach was employed (Zinck, 1988). The soil map is presented at the scale of
approximately 1: 100000 from the original scale of 1:50,000.
Three landscape units were distinguished (figure 3.6): the plateau, piedmont and valley. A
total of 16 map units were identified: p u l l l , pu211, pu212, pu311, pu411, pil 11, pill2,
pi211, val 11, vall2, vall3, val 14, vall5 (table 4.1).
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CHAPTER 5
MATERIALS, TOOLS AND METHODS
5.1 MATERIALS
The following materials were used to conduct the study:
Aerial photograph April 1972
MSS February 1976
MSS February 1986
Topographic Map 1962 1:50000
Land use Map 1977 1:25000
5.2 SOFTWARE PACKAGES
5.2.1 ILWIS (Integrated land and watershed management system)
The interaction between expert knowledge and natural resources has been the main ITC
interest in developing ILWIS. The general objective of ILWIS is to contribute to the
improvement of the availability and quality of information on which watershed management
can be based (watershed being the "best delimitable unit in which humans and natural
resources interrelationships could be observed and modelled" (Valenzuela, 1988).
The ILWIS software provides users with state - of - the - art data gathering, input, storage,
manipulations and analysis and output capabilities which integrates convectional geographic
information system (GIS) procedures with image processing. It is a knowledge based system
which combines structure by which subroutines and program (packages) are married together
with the image processing facilities. ILWIS has its own data base management facilities, but
interface operations with relational database management systems (DBMS) like dBase, lotus
and oracle are possible.
The system was developed to operate on a small, fairly low budget micro computer
configuration of decentralized design (ILWIS users manual, 1992) this is found to be
particularly good for developing countries where there is always no enough budget for
acquisition and maintenance of larger systems. ILWIS facilities were used in the processing
of the following:
1. Data
These data processing involves:
a

- interpretation of aero-space images.

b

- analysis of all the essential available data and

c

- integration of field observations
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2. Graphics database
Analogue data (maps) are converted into a digital format using a table digitizer (digitizing is
done in a free hand format) and entered into the graphic database with easy - to - use
menu driven procedures. The data are captured and stored in vector format and converted into
a raster format. Raster to vector conversion routines are available in the system. Cartographic
modelling uses the raster data structure.
3. Data analysis, modelling and cartographic manipulations
analysis and data handling in ILWIS are performed in both the attribute and graphic data
bases. ILWIS includes convectional GIS data analysis and integration capabilities (map
overlaying, reclassification,etc). These capabilities can also be used in conjunction with other
simulation or statistical modelling( eg land degradation, land evaluation, agro - ecology, crop
production and erosion models).
The ILWIS system incorporates a set of decision rules in which several knowledge
sources(rules) are used to evaluate and analyze input data at different levels of abstraction.
Complex modelling procedures can be executed through Mcalc by integrating the tabuler
database (Tabcalc) and the spatial database (eg digitised maps, satellite images). It includes
a flexible modelling language (based on Boolen operators) and the possibilities of using
functions and macros. The tabcalc program provides direct communication between the
ILWIS kernel and outside models, statistical models, statistical packages, raw data files,
databases and other systems.
Another important characteristic of the cartographic modelling facilities is making fast
overlays in "windows" of the database which may be important when using complex
interactive analysis procedures because the analyst can analyze and evaluate on time the
results of the cartographic modelling procedure. This procedure requires minimal hand disk
storage since the operations and the storage of the resulting data are done in the RAM(random
access memory).
Complex analysis can be performed using the different facilities of the ILWIS software
kernel. A maximum of 14 related maps can be overlaid or analyzed simultaneously .
5.2.2. LOTUS
Lotus computer program is a relational database that handle and manipulate data. The main
application of spreadsheet is in the performance of calculations involving large numbers of
figures. Lotus allows the programming of certain operations you wish to in the form of the
so called macros. Lotus allows conversion of spreadsheet into relatively simple database.
Queries can be made to select data according to specified criteria (lotus manual release 2.2,
1989).
Lotus has the ability to read data as ASCii files that have been written by other programs. A
procedure has been established to read and decode soil data recorded by means of the
program SDC on the small handheld computers (Elbersen,1992). Lotus is a useful program
in soil survey because of its enormorse capability to handle data especially during and after
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soil surveys. It can be turned into a useful tool for soil correlation; even for more elaborate
statistical operations data files can be transferred to specialized packages like S.P.S.S. The
size of the program is mainly limited by the size of the working memory of a computer. The
spreadsheet can be visualized as a giant matrix or as a two dimensional array. It behaves as
a virtual screen over which windows can be moved to the right or downward by means of
the respective arrows on the key board.
The spreadsheet of lotus have been used in this study to analyse data on population,
questionnaire interview with the farmers carried out during the fieldwork and landuse.
5.2.3. QUEFTS (Quantified Evaluation of Fertility of Tropical Soils)
The QUEFTS model, is originally a land evaluation programme developed as an approach to
evaluate the native fertility of tropical soils using calculated yields of unfertilized maize as
yardstick.
The program was tested on maize which is the main food crop in Kenya and in many other
tropical regions (Janssen et al. 1986).
QUEFTS predicts yield from data taking only nutrients availability as constraints and
assuming all other qualities to be optimal (Users manual). The program is restricted to an
appraisal of the status of N, P, and K. The procedure follows Liebig's law of the minimum.
The procedure of prediction and calculation using some equations is based on the combination
of potential supplies, actual up take and yield responses. The potential supplies of N, P and
K are calculated using the empirical equations that have been established on the basis of field
trial results (table 5.1)
Table 5.1 (A) Equations for calculating the potential supply of N, P and K by a soil. Potential
supplies (SN, SP and SK) are expressed in kg/ha, org c (g/kg), p-olsen (mg/kg) and exch. k
(mmol/kg); PH is PH(H20). Sample depth is 0-20 cm.
Table 5.1 (a)

SN = 1.7 * (PH-3) * ORG. C.
SP = 0.35 * (1-0.5 (PH-6)2) *ORG. C. -i- 0.5 * P-olsen
SK = 100 * (8.5-PH) * exch. K/(2 + 0.9 * org. c.)

In this program the uptake of a nutrient is calculated as a function of the potential supply of
that nutrient in relation to the potential supplies of other nutrients. The data for actual uptake
are used to calculate the yields that correspond with maximum accumulation and maximum
dilution of a nutrient.
Equations for calculating grain yields of Maize (kg/ha) corresponding with maximum
accumulation (YNA, YPA, YKA) and maximum dilution (YND, YPD, YKD) of N, P and K
in the crop. UN, UP and UK stand for actual uptake of N, p and k in kg/ha.
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TABLE 5.1 (B)
YNA = 30 * (UN - 5)

YND = 70 * (UN - 5)

YPA = 200 * (UP - 0.4)

YPD = 600 * (UP - 0.4)

YKA = 30 * (UK - 2)

YKD = 120 * (UK - 2)

The intention here is to predict yield using this model to show the effect of land degradation
on the essential elements for plant growth leading to decrease in crop yield for the two
periods (interval of 23 years) data were available.
5.2.4 NEWHALL
The Newhall simulation model developed in the agronomy department of Cornel University
USA, is useful in determining the soil climatic (moisture, and tempareture) regimes used in
soil taxonomy.
The model considers soil moisture profile from the surface down to a depth of an available
water holding capacity of 200 mm.
The model simulates the downward movement of moisture into the soil as the progression of
a wetting front.
The model is used here to show the changes in soil moisture regime for the two periods as
indication of shift towards aridity.
5.2.5 ALES (Automated Land Evaluation System)
The Automated Land Evaluation System (ALES) is a computer program that enables the land
evaluators to build an expert system to evaluate the land according to the FAO methodology
(FAO, 1976).
ALES as an expert system does not provide knowledge or data. It allows the user to setup
own model and manipulate them.
Understanding the basic vocabularies commonly used in ALES is the first step to run the
program.
In general, the terms used in ALES are : Land characteristics, land use requirement, land
utilization type, severity level and decision trees (Rossiter and Van Wambeke, 1989).
Land utilization types are the land uses to be compared in the land evaluation. Depending on
the purpose of the land evaluation, they can be general (e.g. improved pasture), or described
in detail.
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Land use requirement:
Land use requirements are sets of conditions needed by a particular land use. Landuse
requirements and land qualities actually express the same thing but from different points of
view. Land qualities are what the land offers; land use requirements describe what the land
use needs.The degree to which a land use requirement is fulfilled is also reported as a severity
level.
Land characteristic:
Land use characteristic is used to refer to a diagnostic factor used in this program to
determine the severity levels of the land qualities listed as land use requirement.
Severity level:
The degree to which a land quality limits a land use is called a severity level. A severity level
is the degree of limitation (or restriction) that a land quality imposes on a land use. The
number of severity levels is determined by the precision needed in the evaluation. Severity
level 1 (no limitation to the land use) is always considered optimal.
Decision trees:
In ALES land suitability is assessed by a set of decision procedures called "Decision trees".
Decision trees are logical hierarchical multiway keys in which the leaves are the results of
land quality ratings while the interior leaves are decision criteria such as land characteristic
values. Decision trees are models that are constructed by the evaluator and are used to store
expert information in a form usable by the ALES program. The program allows the user to
record and manipulate data. For this purpose four components are involved: The knowledge
base, the data base, the inference mechanism and the explanation facility.

Data:
This is one of the components in ALES system which are to define and enter data. The
system evaluates both homogenous and heterogenous map units (i.e. consociation, association
or complex). In the case of compound units the evaluator has to specify the proportion of
each constituent of the map units so that evaluation can be done separately for the respective
constituents of the map units.
Evaluation:
In this model, parametric and multiplication approach are used. The most important aspect
of ALES under this component is the mechanism of the "why" functions which allows the
evaluator to assess his own reasoning why certain suitability decisions were made. The system
allows query and edit a model including data and LUT specifications.
The decision trees of ALES are used here to model the fragility of the study area to
desertification.
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5.3 METHODS
The study was accomplished in three phases:
1. pre - field work
2. field work
3. post - field work
5.3.1 PRE-FIELD WORK
Activities carried out include gathering, interpretation and review of the necessary data as
explained below:
5.3.1.1 Aerial photo interpretation
Aerial photograph of the study area at a scale of 1:25000 were interpreted using the
geopedomorphic approach (Zinck, 1988). The photo interpretation map for the soil and land
use/cover were produced. They were used along with topographic and landuse maps as base
maps on which fieldwork activities were planned.
5.2.1.2 Satellite image analysis
Two major operations were carried using satellite images:
- Image (digital) processing
- Visual interpretation
5.3.1.2.1 Image processing
Digital image processing techniques have been used as an aid in soil survey since the early
1970's (Weismiller and kerminsky, 1978).
In this study , false colour composite for MSS Landsat data of February 1976 and 1986 and
vegetation index for the two periods were prepared. These gave a good general impression
of the area. The images in addition to aerial photographs were used as the base for transects
across the study area for the ground truthing.
5.3.1.2.1.1 Principal component analysis
Several image enhancement techniques were attempted for the purpose of improving the
image quality necessary for ground truthing for the field work. Principal component analysis
is a multivariate statistical technique used for determining the underlying statistical
dimensionality of the image data set, for image enhancement, for digital change detection and
for characterising seasonal changes in ground cover types (see chap.2 for details). The pel
was chosen for the vegetation index because it presented a better result.
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5.3.1.2.2 Visual interpretation
Visual interpretation of the two images MSS 1976 and 1986 were carried out for the
determination of the main physiographic and landuse / cover units. The physiography and the
spatial distribution of main land use/cover types could be delineated.
The visual interpretation had two main objectives:
1. To combine Landsat imagery with aerial photo interpretation and other ancillary
information to plan the ground thruthing in a most convenient manner.
2. To verify the various features on the Landsat imagery and to determine the present state
for the purpose of monitoring.
The selection of physiographic and landuse/cover maps carried out before the fieldwork is
based on 2 assumptions:
- Geomorphic characteristics do not usually change over a short period
- landuse activities in the study area is of low commercial value, conservative, and less
dynamic which seldomly change over a short period of time.
5.3.1.3 Checklist(interview) and questionnaire preparation
Questionnaire and interview are normally seen as a practical alternative in data gathering
where essential data are non existent or not reliable. Questionnaire and checkhst (interview)
questions were produced for informations from the farmers and relevant departments of
Sokoto university including the Ministries of Agriculture, forestry and animal production
(appendix 2).
5.3.2 FIELD-WORK
The field work has two principal motives:
1. Since there was no functional soil map, a general soil survey was therefore necessary to
produce one at a scale and quality compatible with this study.
2. To carry out an assessment of land degradational parameters with emphasis on sand
encroachment as one of the main research objectives (see chapter 4).
5.3.2.1 Sampling strategy
Considering several factors (eg.,time constraint), transects were selected along which, at some
points, data were collected. Points were determined by superimposing soil map on the land
use/cover map. This approach resembles what Olson (1981) has called Landscape analysis
approach which is said to combine both geometric and road sampling methods. The sampling
transects run vertically and horizontally across the study area joining all the mapping units.
The transects gave consideration to the network of motorable and non motorable (feeder)
roads for which alternatives like motor cycle and boat were effectively utilized (Fig.4.1) '
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5.3.2.2 Assessment of land degradation
GLASOD approach for land degradation assessment was used, however, it must be noted that
GLASOD is meant for small scale mapping and therefore its use here had to be modified for
the large scale mapping as required in this study. A number of different techniques for
landscape analysis exist. The size of the area, scale of the maps and the degree of accuracy
normally forms the basis for the different approaches often used (Olson, 1985). It must be
emphasised that the study of land degradation /desertification deals with a cultural landscape,
i.e. a natural landscape modified and marked by human activities. The classification of
landscape must be able to take both factors into consideration and express the relative
importance of both human and natural features of the landscape (Olson, 1985).
The assessment determined whether the delineated physiographic unit has human induced land
degradation or not. Their type, degree, and the extent per physiographic unit being affected
were assessed. The result of the evaluation process is a symbol inserted in the corresponding
mapping units on a map print on the spot in the field. Since there were several cases with
more than one process in a polygon, each were inserted in order of magnitude with
percentages of occurrence on the spot.
Interviews were conducted in the villages along the transects and each of the units were
evaluated to determine the following:
a. - Sand encroachment; differentiating recent sand from stabilized ancient dunes of the area
b. - water erosion; affected terrain
c. - crusting and sealing
d. - depth of water table and the causal agents.
The interviews conducted were to determine from their local knowledge some of the
degradations which normally could be traced to a number of local indicators like names or
folk stories associated with periods of rainfall deficit, for example it is common knowledge
that the state a tree locally called GAO reflects rainfall of a particular year. The tree in a good
rainfall year shrinks in size and in lean years grow bigger, the plant from observation is said
to be very sensitive to water and said to be adaptable mainly to drier areas hence the greater
number in Niger Republic, north of study area (see appendix 2 for the interviews). The
interview concentrated on areas of:
a. - rainfall
b. - vegetation cover and species diversity
c. - crop yield
d. - livestock management
e. - depth of ground water
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f. - extent of sand encroachment and
g. - standard of living
5.3.2.3 Mapping symbols for the extent of the terrain affected
1 - infrequent 1-5%
2 - common
6-10%
3-frequent 11-25%
4 - very freqt.26-50%
5 - dominant >50%
5.3.2.4 Degree of present degradation
The GLASOD approach considers the degree of degradation as the degree to which it is
presently degraded. It is evaluated in terms of agricultural suitability, biotic functions, and
declined productivity. It is classified into : None, slight, moderate, and severe.
The classes are qualitative and could therefore be subjected to a number of interpretations
from different persons. Due to the scale of the present study various concepts are utilized to
quantitatively estimate and limit the classes.
Table 5.2 LAND DEGRADATIONAL CHARACTERISTICS
W

MU
PUI 11
PU211
PU212
PU311
PU411
PIlll
PI112
PI211
VAlll
VA112
VA113
VA114
VA115
VA211
LP
LH
TU
TR

We

SC

MS%S

D E R D E R

LP
R
LH
R

M
WL
M
WL
M
M
M
M
S
S
S
S
S
S

*

AP
AP
*
**
**

TU
*
**

TU

2. 5-15
8 - 10
4 - 8
6 - 8
5 - 8
2 - 3
1 - 3
0 - 5
3 - 5
0 - 2
0 - 2
0 - 1
0 - 3
1 - 3

LITHIC PLINTHUTSALF
LITIC HAPLUSTALF
TYPIC USTIFLUVENT
TYTPIC RHODUSTALF

UQ USTIC QUAZIPSAMMENT
AP ARENIC PALEUSTALF

4
5
4
5
4
4
4
4
2
2
2
2
2
2

SL

D E R D E R

CP

DER

M 5

M 4

N

-

-

-

-

M 5

M 4

N

M 4

-

S
M
M
H
S
S
S
S
S
S

-

5
5
5
5 LS
5
5
5
5
5
5

M
M
M
S
M
M
M
M
M
M

4
4
4
4
4
4
4
4
4
4

-

-

N
N
N
N
N
N
N
N
N
N

M
M
M
N
H
H
H
H
H
H

*COMPLEX
N NONE
**ASSOCIAT. S SLIGHT
M MODERATE
H HIGH
PU411* TR,LP,LH
PI211* UQ,AP,TU
VA114* FU,AT,AU
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M 4

4
4
4
5
5
5
5
5
5
5

TU
FU
AU
AT

TYPIC USTIPSAMMENT
FLUVET. USTROPEPT
AQUIC USTIFLUVENT
AERIC TROPAQUEPT

W = water erosion
SL = Salinity
MS - Main soils

VA111**FU,AU,AT
VA112**TU,AU,AT
VA115**AT,AU,TU
R Rock

We = Wind erosion SC =Sealing & crusting
CP = Compaction D=Degree E=Extent R=Remarks
S% = Slope% LS - Location specific

5.3.3 POST FIELD W O R K
Post field work Activities carried out includes :
1. Production of semi-detailed soil map: based on the field informations the interpreted maps
were adjusted.
2. Production of landuse/cover map 1972, 1976 and 1986.
3. The Soil map were digitized which was subsequently used as the base for compaction,
sealing and crusting and water erosion maps.
4. X,Y point locations (geo. reference) were using the topographic map of 1962 for only ten
points because of the low quality. This was used to geo-reference all the necessary maps.
5. Data input and analysis using the GIS facilities of XL WIS.
6. Analysis of questionnaire using the spreadsheet of Lotus program.
7. Creation of tables using facilities of spreadsheet and ILWIS;
- Table on land degradational characteristics
- Questionnaire/interview
- soil map legend
- physical and chemical (analytical data).
8. Production of compaction, sealing and crusting, water erosion, Sand encroachment,
landscape. Climate and sample area location maps.
9. Using computer programs of Newhall, Quefts for moisture calender and yield prediction
of the soils of the study area.
10. Production of Fragility map using the modelling facilities of ALES and ILWIS to
The details are given in chapter 6 as results and discussion.
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CHAPTER 6
RESULTS AND DISCUSSION
6.1 ARIDIFICATION
Aridification is a human induced changes of soil moisture regime towards an aridic regime,
caused by lowering of the local base ground water level. This excludes deep ground water
depletion (GLASOD,1988). The soil moisture regime, as the term is used here, refers to the
presence or absence either of ground water or of water held at a tension less than 1500 kpa
in the soil or in specific horizons by periods of the year (Soil survey manual, 1990). The
relationship that exists between drought and aridity as related phenomena, makes analysis of
rainfall an essential parameter in the assessment of changes in moisture regime. Although, it
cannot yet be influenced by man, rainfall influences man's living and his activities (see
chapter 2). Aridity results from a permanent rainfall deficit. The assessment of aridification
is focused on the following indicators; Namely: Rainfall and soil moisture regime
6.1.1 CLIMATIC DATA ANALYSIS
Rainfall
The sahelian drought of 1968 - 1974 which is considered to be the most serious this century
(payne et al., 1987) had a corresponding impact in adjacent marginal sudanian regions. The
study area is located at the margin of the sahel which makes it exhibit some characteristics
similar to the sahelian region.
Drought is a period of years with rainfall below the mean or a prolonged departure from
normal rainfall, "a temporary aridity" (Farmer and Wirgley, 1985). Climatic condition as a
major factor causing and controlling desertification in the sahelian region has been described
and analyzed by several authors in recent years (see chapter 2). The arid and semi arid
climates are characterized by extremely high rainfall variability, from one year to another both
temporal and spatial (Olson, 1985).
The aim of this analysis is to attempt to examine the rainfall variability between 1951 and
1979. The daily and annual rainfall data of Sokoto area for the period 1951 to 1979 were
collected from the from the meteorology department (Table 1). The data was analyzed using
lotus program (figure 6.1).
The Sudano - sahelian drought of 1968 to 1974 is shown clearly in the analysis. The mean
annual rainfall is 703 mm for the 28 years with an annual average of 57mm. The driest
period fell within 1968 - 1974 drought with only 31mm while the wettest year had only
81mm about 2.5 times more than the driest period. Figure 6.1a and 6.1c shows that the annual
variations for the sokoto area is as high as 50%. It is also clear from the figures that the 10
years preceding 1979 is drier than the 10 years succeeding 1951.
Figure 6.1b illustrates the analysis for 1970, a year with one of the highest records of total
annual rainfall in 30 years, and an average above the annual mean. June is the heart of
rainfall season when crops planted in May require water most for vegetative growth (see
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appendix 3, crop calender of the area). Though the month of June had a good total rainfall,
most of the rain was between 13th and 16th and the rest of the month was virtually without
rain. The pattern is very irregular and lack "useful rain" which according to Calais, (1967)
is rain that enables the soil retain enough water to allow plants to develop to maturity
without a break. The total rainfall for 1970 was 79mm which is well above 58mm the average
rainfall for most years, yet extensive crop failure was recorded in the study area. This is
explained by the irregularity as shown in the increase of moist / dry days in table 6.1e and
crop yield decrease for the period in table 6.3a. Although rainfall phenomenon is quite
complicated, it will seem naive to completely associate drought to low rainfall.
If at sowing, the first rain is insufficient and not immediately followed by another rainfall of
optimum quantity with respect to moisture requirement for germination, the seeds stand a
chance of getting burnt or stifled even before sprouting under the combined effect of
excessive heat and osmotic dehydradation.

RAINFALL IN SOKOTO FROM 1951 - 1979
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Insufficient rainfall for a considerable length of time during germination affects the moisture
intake necessary for growth and the seed might get diminished and ultimately exhausted under
the stress of a dry spell even during the rainy season.
The seeding which eventually determines the yield of the crop is the period when moisture
is most needed and as such, insufficiency as often
recorded during this critical time results in stunted
growth, death of the crops or very poor
yield . The variation in rainfall from year to
RAINFALL VAR FOR JUNE 1 9 7 D
year has an adverse effect on soils,
vegetation and animal life. This resulted in
the consistent decrease in vegetation and
increase in the drought resistant species
in the study area.
6.1.2 SOIL MOISTURE REGIME
Soil moisture regime refers to the presence
or absence either of ground water or of
water held in the soil or in specific horizons
by periods of the year.
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Figure 6.1b
The aim of this analysis is to compare the soil moisture control section for the two periods
using a computer model. Newhall computation model is originally a program developed in
support of soil taxonomy. It is commonly used for monitoring soil moisture control section
for the purpose of irrigation schedule planning (see chapter 5). The idea is to use this program
to assess the moisture control section of an average representative soil in the area in different
dates, thus monitoring aridity. The mean monthly rainfall and temperature data of Sokoto area
from 1951 to 1979 is shown in table 1.
The table 6.1 show the moisture calender of the survey area and the assumed number of days
that the moisture control section is dry, moist/dry and moist(Newhall programme; Basic NSM,
Nov. 1986).
Table 6.1 a MOISTURE CALENDER OF THE SURVEY AREA 1 9 5 1 - 1 9 5 3 (MEAN)
MONTH

JANUARY
FEBRUARY
MARCH
APRIL
MAY
JUNE
JULY
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER

S O I L CONDITION

111111111111111111111111111111
111111111111111111111111111111
111111111111111111111111111111
111111111111111111111111111111
111111111111111222222222111111
111111111111111222222222111111
1111111111111113 33333333333333
333333333333333333333333333333
333333333333333333333333333333
333333333333333333333333332222
2 2 222222222 222 2111111111111111
111111111111111111111111111111
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REMARKS

1 = DRY
= MOIST
DRY
-- MOIST

TABLE 6.1 (b) NUMBER OF DAYS FOR DIFFERENT CONDITION OF THE
SURVEY AREA 1951 - 1953
No. of
days that
MCS

No. of
days that
MCS

Highest
no. of
days that
MCS is

Highest
no. of
days that
MCS is

Highest
no. of
days that
MCS is

during one
year is
D
M/D
M

when soil
t emp. i s
>50c
D
M/D
M

moist in
some parts
T>8

dry after
summer
solstice

Moist
after
winter
solstice

222
37
101
D = Dry

222
37
101
M = Moist

120

15

0

TABLE 6 . 1
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111111111111111111111111111111
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111111111111111111111111111111
111111111111111111111111111111
111111111111111111111111111111
111111111111111222222222222222
22222221111111133333333333333 3
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333333333333333333332222222222
222222222211111111111111111111
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MCS = Moisture
Control Section

( c ; MOISTURE CALENDER OF THE STUDY AREA
1 9 7 7 - 1979 (MEAN)

JANUARY
FEBRUARY
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APRIL
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AUGUST
SEPTEMBER
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DECEMBER
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Fig 6 Ic DATA ON RAINFALL VARIABILITY FOR SOKOTO AREA. NOTE ANNUAL
VARIATIONS FOR THE SOKOTO STATION WHICH ARE AS HIGH AS 50%.
SOURCE (ADENIYI, 1988).
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TABLE 6.1 (d) NUMBER OF DAYS FOR DIFF. CONDITION OF THE SURVEY
AREA 1977 - 1979
No. of
days that
MCS

No. of
days that
MCS

Highest
no. of
days that
MCS is

Highest
no. of
days that
MCS is

Highest
no. of
days that
MCS is

during one
year is
D
M/D
M

when soil
temp I S
>50c
D
M/D
M

moist in
some parts
T>8

dry after
summer
solstice

moist
after
winter
solstice

115

8

0

223
42
95
D =Dry

223
42
95
M = I4oist

TABLE 6.1
1977/79)

M/D = Moist/Dry

(e) COMPARISON

MCS = Moisture control
section
OF THE TWO PERIODS (1951/53 AND

1951 - 1953

1977 - 1979

No. of days dry

222

No of days
moist/dry

37

42

101

95

No. of days moist

223

The data shown above is for periods with fairiy normal rainfall outside the drought period.
The increase in the number of moist/dry days in 1977/79 for the months for June and July
(growing period for crops normally planted in May) is an indication of an increase in
irregularity in pattern of rainfall in recent years when compared with the past as shown in
figure 6.1b. Despite the total rainfall being above average for both the month and the year,
famine was reported across the Sudano - Sahelian areas that year with colossal loss of
livestock and crops due to irregularities in rainfall pattern. Besides the general decrease in
rainfall compared with the past shown in the table above, there have been more droughts in
recent years than the 1935 - 1980 record can show (see fig. ). Among such examples are the
great drought of 1968 - 1974 shown in figure 6.1a which re-occurred in 1983 -1984.
6.2 POPULATION GROWTH
Since the mid 1970's studies in Sudano-sahelian area have shown that population growth is
in excess of 3% in over half of the regions in Africa (Grainger, 1990).
The concept of desertification is relative in connection with human activities. People are the
producers of land degradation. It is mainly a function of mistaken human optimism about
rainfall; it is normal to positively assume that good rains will always fall. However, in a year
of poor rains, agricultural methods suitable only for years of good rains can lead to crop
failure, lack of adequate cover, wind erosion and land degradation (Manguet, 1990).
Population growth has a dynamic influence on land use change which involves increase in
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urbanization, cultivation, overgrazing, etc. with a corresponding impact on the environment.
The aim of this analysis is to examine the population growth trend in Sokoto state, its
implication and consequences on resources. The population figures were collected from the
Nigeria population commission for 1963 to the present and analyzed using lotus program as
follows:
TABLE 6.2 a POPULATION OF SOKOTO STATE, NIGERIA
FIGURES

GROWTH
RA1'E%

NO.

YEAR

1

1963

4.538.788

-

2

1973

5.991.200

3.2

3

1983

7.908.384

3.2

4

1991

8.605.542

1.1?

Table 6.2 b POPULATION OF SOKOTO TOWN DURING 1963 - 1991 PERIOD
YEAR

NO.

FIGURES

GROWTH RATE
%

1

1963

89.817

-

2

1973

131.431

4.6

3

1983

173.046

4.6

4

1991

269.525
* Source Nigena popu ation commission, Sok oto

9

POPULATION GROWTH IN SOKOTO STATE
-iaB3 - ^»B^

Fig. 6.2a

I- O
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Figure 6.2b
In the study area, subsistent farmers constitute about 72% of the population. The local
inhabitants have little or no regards for family planning approach being adopted in some parts
of the world to limit population growth. The main religion of the study area is islam whose
culture allows the marriage of more than one wife.
Sokoto town has been recognised as a religious and administrative centre since 1804 during
the reign of Uthman danfodio. Its administrative functions was further increased when in 1976
it became the capital of Sokoto State. The increased administrative functions of Sokoto led
to increase in population from 89,817 in 1963 to 173,046 in 1986 and 269,525 in 1991 as
shown in table 6.2b. The population of Sokoto increased at a rate of 3.2% between 1963 and
1983. The figure shown from the census of 1991 in table 6.2a as the population of the state
cannot be justified of an area that has not been at war or suffered an epidemic. This suggest
that either the 1991 census falls short of expectation or the 1963 census was not fair.
However, the use of population figures from developing countries should be done with care
because of politics associated with national representation, taxation and revenue allocation.
The geometric growth in the population of Sokoto town could be attributed to its growing
importance not only as a seat of government but also because of increasing employment
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opportunity in the newly established industries to accommodate the rural urban influx of 9%.
The ballooning demand for resources that this growth represents is inevitably responsible for
resource abuse both in the short and long run. While consumption is increasing geometrically,
production has decreased (see table 6.3a). Consumption will continue to accelerate at a cost
of overexploitation of land resources leading to deforestation, overcultivation and overgrazing
etc.
6.3 ANALYSIS OF AGRICULTURAL PRODUCE
6.3.1 CROP YIELD
Analysis of crop yield is important in the assessment of land degradation/desertification since
crop yield is often referred to as an indicator of land productivity (Dregne, 1983).
Long term data on crop yield required for this analysis is non-existent and the few available
disagreed completely with the oral evidence of farmers during the field work. Because of this
problem, interviews concerning crop yield were carried out and two crops were selected
namely: Millet, mostly grown in "Tudu" (upland) mainly for home consumption and Onions,
grown mostly in the "Fadama" (flood plain) for both home consumption and commercial
purpose.
Millet is the preferred staple of the Sokoto people and is traditionally rainfed, cultivated on
the sandy soils. Onions is mainly for commercial purposes within the country and
neighbouring countries of Niger and Chad republic.
This analysis is an attempt show the variation in yield as a function of land degradation from
1962 to the present date.
Interviews have been conducted in 40 villages as shown in the summary in the Table below.
TABLE 6.3
TO 19 92

(a) SUMMARY OF INTERVIEWS ON CROP YIELD BETWEEN 19 62

62

VILLAGE

FARM LOCATION %

YIELD
1962

1972

1982

1992

Alkamu
Gidan amada
Tunga
Tudun danserima
Toronka
Kutawa
Gidan enda
Sankoba
Siri jalo

50
20
25
19
21
20
20
22
18

25
15
10
15
10
15
15
10
10

30
10
18
10
15
13
13
12
15

40
5
6
6
9
8
10
8
8

AVERAGE

24

14

15

11

Dengkel
Danj awa
Gagi
Higiza
Girawsi
Hushi
Maruma
Arkilla
Gidan gero
Gobawa
Lelebawa
Daraye
Ergata dutse
Gidan alkali
Adarawa
Gao
Budano ila
Gawa koke
Tofa
Nassarawa
Gidan ali
Rugalman
Wamako

20
8
50
25
50
25
150
12
25
20
20
25
18
60
25
20
30
25
15
25
20
30

12
50
6
20
20
20
20
100
8
20
10
10
15
15
30
10
10
20
13
10
18
10
10

13
60
7
30
15
30
15
120
8
10
15
10
20
13
45
20
15
15
18
13
20
15
18

7
10
6
20
10
20
10
90
7
10
9
8
10
10
40
15
11
18
15
10
18
14
15

AVERAGE

32

20

24

17

Dundaye
Gidan soho
Moral
Bakin gulbe
Gatere
Gidan matomi
Gidan bakabe
Malamawa

30
50
150
500
40
90
17
30

25
47
125
300
35
60
12
16

25
53
125
350
30
77
12
16

35
49
80
350
33
60
12
12

AVERAGE

113

78

86

79

-
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1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3

1 = PLATEAU
2 = PIEDMONT
3 = VALLEY

UNITS = BAG
1 BAG = 80 KG (commonly used in the study
area)

CROP YIELD VARIATION ACORD. TO LANDSCP
12D

Q
IT

in

UJ

1962

1992

YEAR
Bgga plateau ^ ^ piedmont

^ ^ val ley

Figure 6.3aCROP YIELD VARIATION ACCORDING TO LANDSCAPE
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TABLE 6.3 (b) PERCENTAGE INCREASE / DECREASE CROP (1962 as the reference
year)

1 LANDSCAPE
1 PLATEAU

1982

1972

1992

-42

+7

-27

PIEDMONT

-38

+20

-29

VALLEY

-31

+10
+increase

-8

- decrease

Interviews were conducted with the elderly people in the village. The questionnaire (check
list) is as shown in appendix 2 of which the major part have been presented in this report.
The rehability of the answers from the questions may not be total. This is because of the
possibility that farmers could forget or misrepresent information, which is human. But the
author is of the impression that answers relating to decrease in crop yield were unanimous.
The understanding of the language, culture and the environment helped in the information
extraction necessary for this analysis. For instance, the impact of 1968 - 1974 drought was
quite severe in the study area. Farmers were reminded of the period to enable them recall
their crop yield for that year.
The result is presented below for the different landscapes;
PLATEAU
In the plateau, crop yield decrease of 42% in 1972 could be as a result of the great drought
of 1968 - 1974 which devastated crop production in the study area during that period. The
decrease, however, agrees with the rainfall analysis shown in figure 6.1. The 1968 - 1974
drought was quite severe in the study area. Farmers who were victims of the famine had to
be rehabilitated both by Sokoto state and the federal government. The crop failures resulting
from this drought led to construction of two Dams each on Rivers Sokoto and Rima in 1975.
In 1982, a marginal increase of 7% was recorded. This is because the rainfall situation
improved relatively and the economy of Nigeria was at its best. The civilian government of
Nigeria started in 1981 the green revolution program which subsidized the cost of fertilizer
by more than 90%. However, the yield is lower when compared to the piedmont because the
soils in the plateau are thin, sandy and underlain by ironpan. Ground water is very deep.
In 1992, a decrease of 27% was recorded. During the field work interview, it was
unanimously mentioned that insufficient rainfall or its irregularity and low fertility were
responsible for the decrease in yield. Unlike in 1982 subsidies of fertilizer had been removed
because of economic problem and prices of fertilizer in the black market have risen by about
10 times which is beyond the reach of most peasant farmers.
PIEDMONT
Crop yield in the piedmont decreased by 38% in 1972 as compared to 1962 as shown in table
6.3b, the reason being because of drought effect as detailed in the earlier paragraphs. The
difference in increase between piedmont and plateau of 20% and 7% in 1982 after the drought
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period could not be attributed to any specific reason, but deep soils, with heavier texture, have
better water holding capacity.
VALLEY
The wide disparity in yield decrease in the valley of 18% in 1972 and 8% in 1992 when
compared to 42% in 1972 and 27% in 1992 in the plateau and 37% in 1972, and 29% in
1992 in the piedmont respectively can be explained by the crops accessibility to water in the
valley. Besides, some farmers use irrigation for cultivation of onions which is mostly for
commercial purpose and may therefore get extra attention through fertilizer application.
The decrease of 31% in 1972 and marginal increase of 10% in 1982 and a decrease of 8%
in 1992 could be a combined effect of the following factors:
i Overcultivation of the 'Fadama' land to meet the food demand of the growing population
which can be justified by the deterioration in structure observed and sampled (see chapter
4 and photo for the details on chemical data) during field work and a gradual increase
in salinity level (see table 6.12) when compared with the record of FAO 1969.
ii Decrease in river flow as a direct impact of the Dam constructed in the North East of the
study area which regulates the flow of water (see table 6.9c and figure 6.9d).
iii The problem of cost compounded by scarcity of fertilizer which is beyond the reach of
average farmers is a serious factor in yield reduction.
1. Yield prediction
Since no hard data on the fact that fertility has decreased was available, QUEFTS program
was employed to carry out the assessment of natural fertility. The appraisal is based on data
derived from this field work and data collected by the FAO soil survey team in 1969. The
data selected from the representative soil profiles in different landscapes were collected from
Wamako, Gidan Soho and Sokoto all in the present Field work area with corresponding area
in the 1969 data by the FAO team. In the valley the data was from Typic Ustifluvent, the
dominant soil and described in 1969 as Aquic harplorthent soils, on very fine sandy loam to
clay loam of riverine sediments. Similarly, from the piedmont the data was collected from the
dominant reddish brown soils of Sokoto area Arenic Paleustalf described in 1969 as Typic
vetustalf. Ustic Quartzipssamment described as quartzipssamment in 1969 represents the soils
of active sand area which can both be found in proximal part of the piedmont and on the
mesa of the plateau. The intention is to appraise changes in fertihty status for the two periods
for which the data set are presented. Details of QUEFTS model is discussed in 5.2.3.
WOFOST crop simulation model for assessment of agricultural production and constraints
would have been more suitable for this prediction because of its ability to consider the soil
constraint, greater number of crop varieties and amount of available rainfall, but could not be
used because the data requirements for the program could not be satisfied.
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TABLE 6.4 (a) DATA EXTRACTS FROM 1969 AND 1992
LANDSC
APE.

PLATEA.
1969

PLATEA.
1992

PIEDM.
1969

PIEDM.
1992

VALLEY
1969

VALLEY
1992

SOIL

Quartzips
amment

Ustic
quartzipsa
mment

Typic
vetustalf

Arenic
paleustalf

Aquic
haplortent

Typic
ustifluven
t

PH(H20)

6

5.7

6.7

6.1

6.4

5.9

P(OIsen)

1.5

0.8

2

0.8

1.7

0.2

K

5mmol/kg

1.5mmol/
kg

13mmol/k
g

1.5mmol/
kg

7mmol/kg

2.2
mmol/kg

O.CARB
ON

1.5%

1.2%

0.8%

0.7%

1.2%

1.4%

The results are presented below:
Table 6.4 (b) CROP PREDICTION 1969 - 1992
LANDSCAPE
1969

YIELD (KG/HA)
YEAR
1992

PLATEAU

1712

1183

PIEDMONT

2651

1779

VALLEY

2540

2115

The Maize yield prediction are declining in all the three cases presented. This could be due
to gradual change in the soil characteristics since both data set were representative of the
same soil and from close locations. The changes in yield for the two periods are more related
to the soil type than to the landscape. Since Quartzipsamment occurs both on the plateau and
in the piedmont, the figure presented in the table is therefore valid for both landscapes. The
differences in the predicted yield in the Quartzipsammentic soils when compared to the yield
in the piedmont and the Valley could be due to poor fertility. This could also be due to the
fact that they are soils of recent aeolian deposit.
The generally low yield predicted and the marginal difference in the valley for the two cases
could be attributed to overcultivation problem which was already noticed in 1969 from the
report of Sombroek and Zonneveld (1971). This is expected of a soil that has been used for
more than 3 centuries and subjected to all attacks and misuses by man (PHOTO 6).
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2. Comparison of crop production and population growth
Tables 6.2a and 6.3a illustrates the population growth and decrease in crop production
respectively. The relationship between the two parameters is discussed here to demonstrate
the ongoing scenario, where crop production is decreasing while population is growing at a
rate of 3.2%. This dangerous trend is intended as a warning measure for the government and
people in the study area. That if the present trend continues serious consequence should be
expected. The result is presented in fig. 6.^b where the decline in food production and
increase in population growth is clearly indicated.

Fig. 6.3b

POPULATION TREND IN SOKOTD 1963-91

1H1

IHi

IV

1194

1>m

IHI

1 ^

1M

Fig. ^.a, POPULATION TREND IN
SOKOTO 1963 - 1991

Fig. ^.3, MILLET PRODUCTION TREND
IN SOKOTO 1962 - 1992

6.3.2 LIVESTOCK PRODUCTION
Livestock analysis is considered an essential parameter in the discussion of land degradation/
desertification. This is because it indicates the impact of both the factors and processes of
land degradation. Interviews on livestock production for the period 1962 to 1992 was carried
out during the field work interview conducted in the 40 villages along the transect (see figure
4.1), with the elderly people in the villages. The interview was restricted to the sedatary
farmers, due to time constraint. Therefore, the result presented in table 6.5 is not valid for the
nomadic herdsmen. The averages for cattle, goat and sheep in the study area is shown in the
table 6.5a;
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TABLE 6.5 (a) SUMMARY OF INTERV. ON LIVESTOCK (AVERAGES)
CATTLE

YEAR

GOAT

SHEEP

1962

19

25

17

1972

12

19

11

1982

17

22

12

1992

14

18

7

Table

6.5

(b)

PERC.

DECREASE/INCREASE
CATTLE

GOAT

SHEEP

1972

37-

24-

35-

1982

42 +

15 +

9+

1992

18-

18-

41-

YEAR
1962

- Decrease

+ increase

LIVE5TOC< ANALYSIS FROM 1SB2 - 1992
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FIGURE 6.4 LIVESTOCK ANALYSIS FROM 1962 - 1992
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The total livestock production for the study area (figure 6.4) is on the decline. The decrease
of 37% for cattle, 24% for goat and 35% for sheep in 1972 can all be related to the result of
the drought of 1968 - 1974 in the Sudano - Sahelian areas of West Africa.
The increase of 42%, 15% and 9% in 1972 for cattle, goat and sheep is due to improved
rainfall situation in 1982. Sudden decrease and increase are typical characteristic of cattle
farmers because of high risk associated with it, it is believed that losses due to drought or
disease epidermic are always colossal, therefore a sizable number are normally sold off at
such periods to be recouped latter through normal birth rate and buying young animals. Goats
are generally more stable because of their ability to withstand hardship and are more preferred
when compared with sheep. Sheep normally are more sensitive to hardship than the rest which
explains the bigger percentage of losses recorded. Goats naturally are more rugged than sheep,
and ability to climb typically short semi arid trees including tree crops to eat the leaves and
even home stead makes it particularly more harmful to vegetation cover than sheep.
The decrease in 1992 is as a result of the following reasons:
1. Decrease in animal feed was accepted unanimously by farmers as a factor for the drop in
livestock production.
2. 45% believed the decrease is due to frequent disease outbreak.
3. 80% said the down turn in the economy and increased responsibility was the main cause.
This is justified by the reported reduction in Nigeria's income per head from about $1000
in 1980 to about $300 1990 (World Bank report, 1990) which lowered the standard of
living and created other social problems.
6.4 SOIL DEGRADATION
6.4.1 PHYSICAL
6.4.1.1 Sand encroachment
The threat posed by increase in sand migration in recent decades in areas bordering the Sahel
in Nigeria creates the biggest concern than any of the parameters mentioned in this chapter.
This is because sand accumulation with its potential to invade farm lands and other human
activities is taken as a major manifestation of desertification, and may even be an indication
of Southward movement of Sahara desert.
The dry season wind blowing across the Sahara desert from the North East popularly known
as HARMATTAN, is the principal agent responsible for sand dune formation and shifts.
Selection of network of transects across the physiographic units and a comprehensive
groundtruthing during the field work made locations of active sand area very familiar. A
supervised classification was carried out using the data set of February (dry season) 1976 and
February (dry season) 1986. To compare the reflectance characteristics of the images we have
to standardize the reflectance through normalization and scaling operations to eliminate the
atmospheric changes.
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However, the intention of this analysis is to monitor sand accumulation and the extent
between 1976 and 1986 in the study area.
Remote sensing has been found useful in this study because of its ability to discriminate
active sand from inactive sand of Sokoto sandcover, the original soil of the area. The relative
ease in discrimination of the types of sand is because of the following:
A. The difference in texture
B. Inactive sand have substantial vegetation cover
The observation that active sand surfaces have a higher reflectance than inactive sand surfaces
have also been previously made (Elizabeath et., al, 1991; Maxuel and Haynes, 1989) used
reflectance difference on Landsat MSS images to trace active sand in south western Egypt.
Blountet al., demonstrated in Gran, desierto Mexico that active sand is consistently brighter
than inactive sand because of grain size and in addition, inactive sand in Gran desierto
contained more mafic minerals. This is also similar to the case of present study area reported
in the analysis of mineralogy of quaternary deposit of Sokoto area by Sombroek and
Zonneveld (1971) to contain Tourmaline, Zircon and Hornblende. This may be a possible
reason for the differences in reflectance. The result is presented in Figure 6.5 a-c and the
extent of sand cover in table 6.6. The sand accumulation in the main landscape units are
shown in figure 6.5c and the area of active sand cover in table 6.6b.
TABLE 6.6 (a) SAND ACCUMULATION FROM 1976 TO 1986
LANDSCAPE

AREA(ha)

ACTIVE SAND

1.942

ACTIVE SAND

13.594

%

YEAR

2

1976

14

1986

Table 6.6 (b) SAND ACCUMULATION IN MAIN LANDSCAPES 1986
LANDSCAPE

AREA (ha)

%

PLATEAU AFFECTED

3301

3.4

PIEDMONT AFFECTED

9516

9.8

388

0.4

VALLEY AFFECTED
6.4.1.2 Water erosion

Land degradation through soil erosion is widely recorded in the study area. It has annual
mean rainfall of 703 mm between May and October.
The typical tropical rainfall that is characteristic of Sokoto area, short but intensive rainfall
sets in April - May at the end of dry season of intensive bush burning by the Fulani nomads.
The natural vegetation cover is very poor and a ground cover of grasses does not appear till
well into the rainy season.
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Assessment of degradation in each of the mapping units were carried out during the field
work based on the network of transects selected across the mapping units (see figure 4.1). The
assessment was narrowed to each of the mapping units and extent to which it is affected. The
aim of water erosion assessment is to evaluate the contribution of water erosion to land
degradation processes.
The plateau and piedmont predominantly have severe sheet erosion and gullies in various
stages scattered across the landscape. In most of the units more than 40% of top soil are
affected with topsoil extensively washed away. This is a combined effect of bush burning,
overgrazing, surface sealing and crusting and topography.
The strong surface sealing on old coversands of Sokoto causes high runoff and sheet erosion
even on nearly level terrains (Sombroek and Zonneveld, 1971). They generally fall in to the
category moderate.
In the valley, the water erosion is nil to slight and mostly rill, this is because of vegetative
cover through out the year and the topography in the valley is nearly flat. The rills are easily
removed by tillage operations due to intensive cultivation in both dry and wet season. The
result is presented in figure 6.6
6.4.1.3 Surface sealing and crusting
A common feature encountered in many soils of the project area is the presence of extremely
sealed and compacted surface horizon, which vary in thickness from a few millimetres to a
couple of centimetre. Such horizons seal the surface so effectively and so impermeable that
the rain or flood water cannot penetrate them and may stand on the surface for several days
without reaching the underlying horizons which remain absolutely dry. A very small slope is
enough, in these circumstances, to cause the rain water to run off superficially.
The assessment of sealing and crusting is necessary in land degradation studies because it can
inhibit seed germination, reduce water infiltration and increase runoff. Therefore evaluation
of its contribution is essentially an important parameter in land degradation determination.
The network of transect selected across the study area made it possible to visit different soil
mapping units and check for presence/absence and assessment of degree and extent of
coverage. The GLASOD approach was modified by using the FAO concept of surface sealing
and crust mapping, which considers the following attributes: (FAO, 1990)
A.

THICKNESS

<
2 5 >

2
5
20
20

mm
mm
mm
mm

B . CONSISTENCY

NONE
THIN
MEDIUM
THICK
VERY THICK

SLIGHTLY HARD
HARD
VERY HARD
EXTREMELY HARD

The FAO guidelines were used for the assessment of the mapping units. The land
degradational characteristics is presented in table 5.2.
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Photo 7 Strong surface sealing on old cover sands of Sokoto causes
high runoff and causes sheet erosion even on nearly flat
terrains. The natural vegetation cover is very poor and a
groundcover of grasses does not appear till well into the rainy
season.
SOURCE (Sombroek & Zonneveld, 1971).
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crusting index
Soil crusting index was also tried out in the assessment of the sealing and crusting
(brittleness), this is based on the assumption that low organic content and high percentage of
silt are the major factors contributing to sealing. The results are shown below for the
representative soil profiles. It is obvious that to correlate point data, soil classification names
at the level used here cannot be satisfactory.
TABLE 6.7
(PLATEAU)

(a) MECHANICAL

DEPTH

SIZE CLASS

ANALYSIS

CLAY

SAND

SILT

3.10
3.90
9.40
10.50

92
91
70.10
71.20

4.9
5.1
20.5
18.3

OF

USTIC

(CM)
00 - 25
25 - 140
140 - 160
160 - 200

TABLE 6.7 (b) ARENIC PALEUSTALF (PIEDMONT)
DEPT]d

SIZE CLASS
SAND

CLAY
(CM)
00 - 20
20 - 60
60 - 100
100 - 170

%

SILT
's

C

%

03
09
22
22

00
40
00
50

92
72
67
65

00
00
50
00

05 .00
18 .60
10 .50
12 .50

TABLE 6.7 (c) AERIC TROPAQUEPT (VALLEY)
DEPTH

SIZE CLASS
CLAY

(CM)
00 20 40 90 -

%

20
40
90
150

29 .30
30 50
35 50
38 00

SAND
17
15
60
55

SILT
c

%

0

20
50
00
00

59 .50
54 00
04 50
07 00
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TABLE 6.7 (d) TYPIC USTIFLUVENT (VALLEY)
DEPTH

SIZE CLASS

(CM)
00 20 50 90 -

CLAY
%
17.50
15.30
42.70
14.30

20
50
90
180

SAND

SILT

Q,

%

•o

29.80
64.40
15.00
66.30

52.70
20.30
42.30
19.40

The result is presented below:
The sealing and crusting effect on fine and medium textured soils is always more
pronounced, also remarkable is observation of sealing and crusting in settlement areas as well
as soils of cultivated areas. The sealing effect can be explained by the losses of humus
through constant burning, erosion and overcultivation. It could also be assumed that the loss
of organic colloids considerably weakens the aggregate stability of the soil which leads to
uncontrolled sealing and compaction. The sealing effect on cultivated area has been reported
by Valentin (1985), who carried out some tests in an area few kilometres from the study area
with similarity in soil and rainfall.
The result of the field observation and crusting index are presented in figure 6.7 and table 6.7
respectively.
Assessment criteria is shown below:
< 1.5 non crusting soils
1.5 - 2.5 crusting soils
> 2.5 extreme crusting soils
TABLE 6.7 (e) RESULT OF CRUSTING INDEX

SOIL

CRUSTING INDEX

a.USTIC QUARTZIPSSAMMENT
b.ARENIC PALEUSTALF
c.AERIC TROPAQUEPT
d.TYPIC USTIFLUVENT
i.
in which

1.5
2
2
2

zf + zc/c
zf = % fine silt (2 - 20um)
zc = % coarse silt (20 - 50um)
c = % clay (source, FAO 1979)

81

6.4.1.4 Soil compaction
Compaction is commonly encountered in various soil types in the study area. Soil compaction
is very vital in the assessment of land degradation process, this is because compacted soils
suffer from poor aeration and low hydraulic conductivity. It can also lead to deterioration of
structural properties, it is known to have an important relationship with crop yield (Erikson
et al., 1974).
Due to time constraints bulk density of the modal profiles were taken using the core sampler
method. The assessment of compaction here therefore is intended to evaluate its impact on
land degradation processes in the study area.
GLASOD approach was also amended in the assessment of soil compaction. The concept of
limitation in crop growth due to compaction was incorporated. The critical limiting values of
mechanical impedance to crop growth in tropical soils is shown in the table below: (Lai and
Stewart, 1986).

TABLE 6.8 a LIMITING VALUES OF SOIL COMPACTION TO CROP GROWTH
CHARACTERISTIC

CROP

CRITICAL VALUE

BK DENSITY SORGHUM/MILLET

REFERENCES

1.40 - 1.50 WILLOCKS, 1981

BULK DENSITY

SORGHUM

1.40

BULK DENSITY

MAIZE

1.4 0

BULK DENSITY

COWPEA

1.38 - 1.44 COUP ET AL., 1982

BULK DENSITY

RICE

1.40

BULK DENSITY

RICE

1.38

g/cm3

NICOU & CHARREAU, 1980
NICOU & CHARREAU, 1980

NICOU & CHARREAU,198 0
ROHMAN & QUIRO NEO, 1983

source,( Lai and Stewart, 1986)

The soil compaction assessment was based on the classes shown below based on table 6.8
showing the limitation of various crops grown in the study area.
Table 6.8 b CRITERIA FOR COMPACTION CLASSES
CLASSES
< 1.53

NO COMPACTION

1.54 - 1.64 SLIGHT COMPACTION
1.65 - 1.74 MODERATE COMPACTION
> 1.75

SEVERE COMPACTION
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Several factors are responsible for soil compaction in the study area. The factors include
animal grazing, high tropical temperature and constant bush burning leading to low organic
matter content. The loss of humus weakens the aggregate stability of the soil which leads to
uncontrolled sealing and compaction. The result of the core sampling taken for all the modal
profiles is presented in table 6.8c and the resulting map in figure 6.8:
TABLE 6.8C

BULK DENSITY FOR MODAL PROFILES

SOIL

BULK DENSITY
(g cm-3)

DEPTH
(CM)

EVALUATION

ARENIC
PALEUSTALF

0-20
20 - 33
33 - 57

1.68
1.72
1.79

MODERATE

USTIC
QUARTZIPSAMME
NT.

0-25
25 - 140
140 - 160

1.64
1.76
1.56

NONE*

FLUVENTIC
USTROPEPT

0-20
20 - 50
50 - 90

1.77
1.80
1.80

SEVERE

AERIC
TROPAQUEPT

0-20
20 - 40
40 - 90

1.78
1.88
1.86

SEVERE

0-20
20 - 50
50 - 90
* Compaction m Ustic quartszipsamment is

TYPIC
USTIFLUVENT

1.60
SLIGHT
1.70
1.77
considered None despite the 1.64 recorded

Compaction in the study area varies from one soil to the other. Compaction are generally
none to slight in the area occupied by active sand (Ustic quartzipssament) and moderate in
Arenic paleustalf the dominant soil of Sokoto mainly found in the piedmont and some parts
of the plateau. Most soils in the valley have bulk density above 1.75 which is relatively high.
This is because of greater pressure on the valley lands, centuries of irrigation practice, greater
use of machinery and clay migration from the piedmont. The resulting compaction map is
shown in figure 6.8.
6.4.2 BIOLOGICAL
6.4.2.1 Landuse / cover changes
Land use/land cover changes are of prime importance in the assessment of land degradation,
this is because it indicate increases in cultivation due to growth in population with the
resultant consequences of the two conflicts. Remote sensing has proven its potential as a
powerful tool for monitoring changes in natural resources. Multi temporal interpretation of
the study area were carried out using;
- Aerial photo February 1972 (Dry season) at scale of 1:50000
- M.S.S

February 1976 (Dry season)
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a. Aerial photo interpretation
Aerial photo interpretation of the area was carried out pre field work and updated during the
field work for multiple purposes, among which include land use land cover of the area. The
resolution provided a clearer picture of the various landscapes. The result is presented in
figure 6.9 and table 6.9a. Although, the aerial photo showed clearly landuse/cover it was
impossible to delineate all the little cultivated parcels to estimate extent of cultivation because
the cultivated land were too scattered. Combination of aerial photograph, groundtruthing and
satellite images provide a reliable technique for monitoring. However, the validity of this
statement is for simple and non-dynamic landuse areas like the present fieldwork area
therefore, extrapolations to more complex landuse areas should be done with caution.
b. Visual interpretation of landsat data
Visual interpretation of the colour composites were carried out for the purpose of comparing
the changes in land use /cover for the period.
The MSS images were geo-referenced to Universal Mercator (UTM) projection using only
10 control points because of the quality of topographic map used. Screen digitizing facility
of ILWIS was used to delineate the units based on the knowledge of the area.
The visual interpretation could not be used in all the cases because of its limitation in
estimating rainfed cultivated land which is too scattered in the study area.
c. Digital image analysis; supervised classification
In such a semi-arid environment as the study area, fluctuation in precipitation is highly
variable sometimes as much as 50% from one period to another, this in turn affect vegetation.
It is necessary to standardize the reflectance through normalization and scaling operations to
eliminate atmospheric changes which makes comparisons over time for a single area more
relevant.
The spectral classes were refined by adding or deleting samples through a continuous analysis
of class statistics. The separability between classes was evaluated by displaying two
dimensional feature spaces of relevant band combinations on the screen. The quality of the
classification were checked by running classification algorithm that required limited
computation time. This proved to be quite useful in identifying unclassified pixels and the
major misclassification problems. The evaluation also helped in defining classes to be added
and those to be deleted.
Supervised classification have been found useful in estimating cultivation area scattered across
the study area. The less complicated nature of the landscape and land use/cover of the area
made differentiation of cultivated land from other land uses relatively simple.
Supervised classification too has limitation, a number of misclassifications were noticed.
Large settlements could not be differentiated from lateritic pan most probably because of
similarity in reflectance of Aluminium roofing sheets with lateritic pan and gypsum rock
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outcrop. Minor settlement with thatched (Grass) and mud roofs cannot be differentiated
because of the pixel size from the neighbouring objects.
Combination of visual interpretation and supervised classification eliminating the two
limitations of both approaches presents a more reliable result in the monitoring of land
use/cover of the area.
TABLE 6.9

(a)

SUMMARY OF LANDUSE / COVER 1972 (API)
AREA(ha)

SHRUB / GRASS / GRAZING / RAINFED CULT.AREA
SHRUB / GRASS / GRAZING LAND
FOREST RESERVE
IRRIGATED/RAINFED CULTIV.LAND (FADAMA)
TREE NURSERY
SETTLEMENT
WASTE-LAND
RIVER

(TUDU)

677316 6 . 8
7766 7 . 6
141 0 . 1
15974 1 5 . 3
60 0 . 1
5542 5.2
3490 3 . 4
1010 1.1

Table 6.9 (b) Summary of land use/cover change, 1976 - 1986
LANDUSE/COVER
CLASS

1976 (%)

1986 (%)

SETTLEMENT

4.1

RAINFED CULT.LAND

19

22.8

RAINFED CULT.THK.
SAND SHEET

-

4.4

IRRIGATED VALLEY

1.2

7.6

NON - IRRIG. VALLEY

10.5

4.3

ACTIVE SAND

2

10

SHRUB/GRASS/GRAZIN
G LAND

53.2

37.8

WASTE - LAND

4.2

3

UNCLASSIHED

5.8

5.2

4.9

The geometric growth in the population of Sokoto State at 3.2% and urban growth of 4 - 9%
shown in table 6.2 has corresponding consequences on the land use/cover of the area. This
resulted in the increase of cultivated land both in rainfed and irrigated areas. Cultivation in
rainfed increased from 19% in 1976 to 22.8% in 1986 in addition, cultivated stabilized dunes
increased by 4% in 1986. This represent a total increase of 8.2% for rainfed cultivated area
while irrigated land in the (fadama) increased from 1.2% to 7.6% representing an increase of
6.4% in the (fadama) irrigated land. Shrub/Grass land used for grazing decreased from 53.2%
in 1976 to 37.8% representing 15.4% due to farmers encroachment on grazing land. This
explains the frequent clashes between the farmers and nomadic herdsmen reported in recent
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years. Lateritic ironpan decreased from 4.2% to 3% in 1986. This change could be due to
sand accumulation in lateritic areas especially in the north western part of the study area.
Active sand area increased from 2% in 1976 to 10% in 1986. The resulting maps are shown
in figure 6.9 a-c.
d. Down stream impact of goronyo dam
In response to the problems of persistent drought of 1968 - 1974 a number of plans were laid
to avoid the reoccurrence of similar situation. The Federal government of Nigeria came up
with a number of strategies which include development in water resources for crop
production. This led to the construction of Goronyo dam north east of the study area on
River Sokoto. The project was recommended for a specific purpose of controlling the
unpredictable seasonal fluctuations of the major rivers in the area.
An additional factor which was not adequately addressed prior to construction of the project
in 1976 relates to down stream effects. In these down stream areas , project related to water
impoundment and stream regulation has had pronounced effects on the natural hydrological
regimes of the Sokoto river and the flood plain which has changed the balance of seasonal
flow patterns Table 6.9b. Although such control provides flow during the dry season, it has
reduced the peak flows which were of considerable importance for flood plain cultivation
(Adams, 1983). Substantial decrease in depth of ground water have been noticed in the valley
area which was confirmed from the interview with the farmers during the field work. The
flow pattern in the river pre and post dam construction is shown in table 6.9c and Fig 6.9d.
Table 6.9 (c) DATA BEFORE AND AFTER DAM CONSTRUCTION

YEAR

ANNUAL MAXIMUM
NUMBER OF DAYS OVER
GAUGE HEIGHT
(METERS)

3-3.5 METER GAUGE
HEIGHT

1970

5.21

54

1971

4.88

61

1972

4.17

10

1973

3.05

0

1974

3.38

1

1975

3.63

1

Average before dam 4.05
1976

Average days 23

2.65

0

89

I
1977

3.87

21

1978

3.10

0

2.96

1979

0

Average after dam 3.12

Average days 5
SOURCE, ADAMS (1985).
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6.4.2.2 Vegetation index
Changes in green vegetation either due to climatic variation or human interference are signs
of land degradation. The aim of this section is to study if any change in the vegetation cover
has occurred from 1976 to 1986 and to explain such changes. Green vegetation is widely used
as a normalized ratio. It is based on the normalized difference between an infra red and a
visible band (see chapter 2).
In order to investigate the change in green vegetation, green vegetation index images were
created for the two data sets to asses changes in vegetation cover in the study area between
1976 and 1986 (figure 6.10 (a) and (b))
Green vegetation index images were created for the available dates using the formula
expressed below:
GVI=(MSS B7 - MSS B5)/(MSS B7 + MSS B5)*127 + 128
A colour composite was made for the two dates using the green vegetation index displaying
1976 in red and 1986 in green while blue filter was assigned 0 values. The resulting image
is shown in figure 6.10 (c). The result is presented in the table below:

TABLE 6.10 (A) CHANGES IN VEGETATION COVER
CLASS DESCRIPTION

AREA %

1. Area green in both 1976 and 1986

10.6%

2. Area covered with green veg. 1976 but
not 1986

13.2%

3. Area with green veg. 1986 that was not
green in 1976

4%

Human interference, i.e. expansion in cultivation and the present incursion of cultivation on
grazing land forces larger number of animals on a piece of land, wood cutting for fuel ( photo g
and fig.6.10 a-c), increase sand accumulation and frequent drought are the major causes of
changes in vegetation in Sokoto area. Overgrazing and over cultivation have in the sahelian
zone resulted in a change from perennial and palatable plants to annual and unpalatable plants
(Dregne, 1983).
The decrease in the percentage of green vegetation by 13.2% from 1976 to 1986 may be
probably due to the reoccurrence of 1982/1983 drought which also had a severe impact in the
study area (no data available for 1982/83 rainfall). Such dry years are accompanied with mass
migration of herdsmen with their animals from the neighbouring republic of Niger which has
severe effect on the vegetation (see figur 6.5). The tendency to increase cultivation because
of decrease yield due to soil deterioration and population increase also has a pronounced
effect on the vegetation (see table 6.3 b). The 4% of vegetation cover noticed in 1986 which
was not present in 1976 (figure 6.10 c) are results of afforestation programs and
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4 KM

consciousness being launched by the government to plant drought resistant species. INDICA
AZARIDACTA is massively planted in most settlements in recent years in the study area as
shelter from the intense sunshine, and as resting abode for villagers in the afternoons after
farm work. The 4% could also be an indication of increase in drought resistant species and
even unpalatable species as noticed during the field work and confirmed by the fanners
during the interview (see table 6.10 b).
Field-work interviews
Interviews carried out during the field work to investigate the changes in vegetation covered
40 villages scattered across the study area. This is in addition to 10 other respondents in
Uthman Danfodio University Sokoto, Ministries of agriculture and forestry (see appendix 2)
for the questionnaire used. The questions concerning vegetation are as follows:
- Do you observe changes in vegetation structure and composition in the last
two decades ?
- If yes, which of the species have increased or decreased ?
- Do you have limitations in terms of feed for your animals due to unpalatability
or complete disappearance of grass in certain places at certain time ?
- If yes, what do you think is responsible and where do you have the limitation
most ?
- Do you observe any relationship between the changes in vegetation to drought
years ?
The summary of the interview is shown in table 6.10 b.
6.4.2.3 Organic carbon monitoring
Measurement of organic carbon are widely quoted and often taken as a measure of organic
matter content in the soil which in turn is taken as a crude measure of topsoil loss (erosion),
and fertility status. It is essential in land degradation processes because of its impact on food
production. The criteria for the assessment of organic carbon in the soils of the study area is
based on the table 6.11a taken as an approximation of interpretation of organic carbon
measurements.
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Table 6.10 (b) Summary of interview answers on changes in vegetation

LOCATIONS
SPECIES

a.Balanites
Aegyptica
b.Calotropis
procera
c.Ziziphus
mauritiuria
d.Ziziphus spina
e.Azidacta indica
f.Anogeisum
leicupus
g.Piliostiira
reticulum
h.Acasia Senegal
i.Acacia nubica

piedmont
sandy/settmt.
not-specific
not specific
settlement
not specif,
not specific
piedmont & val.
piedmont & vail.

% INTERVIEWED
& VIEWS

REMARKS

observation of
changes were
unanimous (100%)
58% have limitation
in animal feed
78% observed an
increase in b,e & i
9% believed there
may not have been
increase but
dominance of
drought resistant
species with the
elimination of less
favoured ones

this observation is
mainly from
respondents in
Sokoto University
which disagreed
with the views of
the fanners

4% of them were
undecided

Local names were later checked and converted into scientific names as shown here
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Table 6.11 (a) ORGANIC CARBON CONTENT INTERP.

ORGANIC C. CONTENT
WALKLEY-BLACK METHOD
50 '
. 5 1 - 3.50
i . 26
w.AO
• '

RATING

V- HIGH
HIGH
MEDIUM
LOW
V. LOW

SOURCE: Tropical soil manual, (1984).
TABLE 6.11 (b) ORGANIC CARBON CONTENT (%)
SOIL

SOIL

% 1969

% 1992

Quartzipsamment

2

Ustic
quartzipsamment

1.2

Vetustalf

1.5

Arenic paleustalf

0.7 - 1

Aquic haplorthent

1.7

Typic ustifluvent

1.4

Lithic haplorthent

1.2

Aerie tropaquept

0.60

It is remarkable to point out that the 1969 data of FAO were based on the old classification
system. The soils presented here in 1992 are the dominant soils in the same location where
observations were made in 1969. However, the assumptions are that even if the soils are
classified differently comparison of chemical data could still be made, since both are
representative of the dominant soils taken at different time by different people but at the same
location.
Organic matter content measurement shown for the two periods are in beth cases
low.
This is because, the hot semi arid climate is inimical to the formation and accumulation of
humus. The wide spread and frequent bush fires destroy most of the potential humus material
present in the form of leaf and grass litter.
6.4.3 CHEMICAL : SALINITY
Using the same assumptions as in 6.4.2.3 (organic carbon monitoring), salinity is a common
feature in arid and semi-arid zones. In the study area, evaporation often exceed precipitation
and the depth to which the percolating waters can penetrate, the soil profile is limited by
evaporation from the soil causing the precipitation and accumulation of salt.
The analysis of salinity is always regarded an essential parameter because of its potential
impact on crop production.
The data on electrical conductivity of survey carried out by the FAO team in 1969 is

97

compared with data from the present field work 1992 as shown in the table below to
determine changes over the period.
TABLE 6.12 SALINITY LEVEL 1969 - 1992
LANDS
CAPE

SOIL

HORIZ
ON

1969

SOIL

HORIZ
ON

1992

PHYSI.
POSIT.

VAL.

Aquic
haplort.

A
B

0.2
0.3

Fluv.
ustropep
t

A
B

2.00
2.05

Levee

VAL.

Lithic
haplort

A
B

0.1
0.4

Aerie
tropaque
Pt

A
B

3.00
4

vall.flat

Typic
ustifluve
nt

A
B

2.50
3.30

OV.
FLO.
MANT
LE

9,

VAL.

A
B

unit = ds/m
Criteria for salinity assessment: (GLASOD, 1988)
EC
EC
EC
EC

<4 ds/m PH<8.5 Non saline
5-8 ds/m; PH<8.5 Slightly saline
9-16 ds/m; PH<8.5 Moderately saline
>16 ds/m; Severe saline

Although, salinity level in the soil from table 6.12 are at the moment generally low and not
limiting for soil productivity, a pattern is gradually being formed. There is a drastic increase
in EC level noticed between the two periods in the study area, it is therefore essential that
precautionary measures must be incorporated in the agricultural planning to warn against such
possible threats and to create awareness in the study area of possible consequences if soil
abuse persist.
6.5 LAND FRAGILITY TO DESERTIFICATION
Except for some places in the world where deserts are of geologic origin (eg geologic
depressions, playa, salina etc), there are several other places where land has exceeded its
carrying capacity due to the combined action of man and nature and manifested by the
interlinked mechanisms of soil degradation and vegetation deterioration. Most deserts of today
have been proved to be populated in the past. This means that one can speak of potential
desertification, hence fragility of land to desertification. As such, there are no standard
indicators to carry out an evaluation of desertification. Expert systems can be developed in
a given area to set up classes of fragility. Hereafter, attempts have been made to develop two
models, one by means of ILWIS and the other one by use of ALES decision tree.
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6.5.1 MODELING IN ILWIS
Modeling is used extensively in various disciplines for enhancing and abstracting details that
enable us to interpret partially, the meaning of data as related to the complete meaning of the
real world. Modeling is a representation of the relationship between data manipulation and
the real world. ILWIS GIS software incorporates a set of decision rules in which several
knowledge sources (rules) are used to evaluate and analyze input data at different levels of
abstraction.
The term model as used in ILWIS refers to a set of decision procedure involving map
calculation facility, including convectional GIS data analysis and integration capabilities of
map overlaying and reclassification.
The fragility to desertification was determined through the combination of all the attribute
maps; Sand encroachment, soil compaction, water erosion and sealing and crusting map. In
order to determine the fragility, each units of attribute maps were assigned scores. This allows
the model to infer from the combination of all the attribute maps classes to assign a
degradation class to a mapping unit. Table 6.13 shows the attribute map's scores.
TABLE 6.13

(a) FRAG.ATTRIB. MAPS

CRUSTING INDEX

SCORE

1.

THIN AND SL. HARD

5

2.

MOD. AND SL. HARD

4

3.

MOD. AND HARD

3

4.

THICK AND SL. HARD

2

TABLE 6.13 (b)
COMPACTION

SCORE

1. NO COMPACTION

6

2. SLIGHT COMPT.

4

3. MOD. COMP.

3

4. SEVERE COMP.

2

TABLE 6.13 (c)
WATER EROSION

SCORE

1. SLIGHT

3

2. MODERATE

2

TABLE 6.13 (d)
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SAND ENCROACHMENT
1. SAND ACCUMULATION

1

2. SLIGHT ACCUMLAT.

2

The scores in the attribute table 6.13 indicating the severity level are weighted on the basis
of the present impact from the knowledge of the study area. Map calculation operation was
carried out as shown by the following formula:
Fragility :=sum(mapl + map2 + map3 + map4)
The evaluation is presented in form of a table showing values for each of the units in the
order of weights and shows the degradational classes of 1, 2, and 3 (1 = low, 2 = moderate
and 3 = high).
The resulting fragility to desertification map is shown in figure 6.11
Fig. 6.12 DECISION TREE OF ALES
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6.5.2 MODELING IN ALES
The unique feature of ALES is the facility offered to build models. The term model as used
in ALES refers to "a set of decision procedures not to a process or a statistical analysis. The
ALES model is a representation of the judgment of the land use expert, in which in turn is
a mental model of reality" (Rossiter and Wambeke, 1989).
Each evaluation model consists of a set of proposed LUTs, a set of outputs, a set of land
characteristics (Rossiter and Van Wambeke, 1989). Each LUT is specified is specified in
terms of its landuse requirements and outputs. Each landuse requirement within a LUT has
a set of severity levels, fixed by model builder.
Here, a simple model was formulated, namely to attain desertification, a number of conditions
(requirements) must be available. Selection of these requirements is very much location
dependent. Different combinations of requirements will lead to different degrees of fragihty.
Decision trees (multiway keys) help build the type of expert system required for such a study
(Figure 6.12).
LAND UTILIZATION TYPE (LUT)
To use ALES for our purpose land utilization type is assumed "Desertification".
DEFINITION OF LAND USE REQUIREMENT FOR A LUT
The following degradation types are taken as land use requirements, assummingly to satisfy
the need of the LUT. i.e. desertification.
1 Aridification
2 Compaction
3 Nutrient depletion
4 Salinization
5 Sealing and crusting
6 Wind erosion
7 Erosion by water
8 Biological degradation
SEVERITY LEVELS OF LAND USE REQUIREMENT
Severity levels of land qualities (corresponding to land use requirements) refer to the degrees
of limitations (see example below;). The number of severity levels for each land quality was
chosen based on the range of variations of the corresponding land characteristics as shown
by soil survey data (see table 6.14).
LAND CHARACTERISTICS (LC)
Land chziracteristics were used in this model to determine the severity levels of the land
qualities listed as land use requirements for the LUT. The following were selected as land
characteristics:
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1 Agric use
2 Bulk density
3 Cation exchange capacity
4 Present erosion status
5 Ground water table depth
6 Carbon content
7 Salinity
8 Surface crust brittleness
9 Surface crust thickness
10 Wind deposition
11 overgrazing
The definition of classes and class hmits for each land characteristic was based on the range
of variations shown by the soil survey data of the study area.
DECISION PROCEDURES
Decision procedures for the model were defined using the specification in land utilization
type. Decision procedures of ALES also called "DECISION TREES" are the heart of the
model by which land degradation is assessed. Decision trees were built for each land use
requirement, and for the overall physical suitability (here, corresponding to degrees of
fragility) for the LUT.
LAND USE REQUIREMENT SEVERITY LEVEL DECISION TREE
Severity levels were defined for each land use requirement, A severity level decision tree was
thereafter built for each land degradation requirement. Severity level of each land quality
corresponding to a land use requirement were inferred from a set of land characteristics
through a decision tree as shown figure 6.12.
PHYSICAL SUITABILITY SUBCLASS DECISION TREE
In order to determine the final fragility to desertification each of the mapping units from the
set of severity levels of land qualities, a degradation sub class decision tree was built. This
allows the model to assign a composite degradation to a mapping unit.
Some requirements known to have an effect on degradation of the area were employed in
building the physical suitability subclass decision trees, this is to avoid decision trees
becoming too complex as they grow exponentially with the number of factors used and the
number of severity levels per factor.
PRESENTATION OF EVALUATION RESULTS
The evaluation results are presented in form of a matrix, that is, two dimensional array with
rows being mapping units, columns being the land utilization type (potential desertification)
for which evaluation was computed, and the intersection of the cells of the matrix, being the
results.
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Figure 6.12 shows the decision tree scheme in order of importance in the study area and the
resulting degradational class, while table 6.14 shows the summary of the model.
The results show:
The degradational classes of "1, 2, and 3" (1 = Low, 2 = Moderate and 3 = High. The
resulting fragility to desertification map from ALES assessment is shown in figure 6.13.

104

Table 6.14 LAND CHARACTERISTICS RANGES
LAND CHARACTERISTIC
CLASS
CLASS LIMITS
Agric use
1 intens.
2 extens.

UNITS

cultivation intensity

BKD
1 none
2 slight
3 moderate
4 high

Bulk density
0 - 1.54
1.55 - 1.64
1.65 - 1.74
•>1.74

CEC
1 low
2 mod.
3 high

Cation exchange capacity
0-16
17 - 24
>24

Erosion state
1 none
2 slight
3 mod

present eros. status

GRD WAT
1 optimal
2 moderate
3 severe

Groundwater table depth
0-3
3-5
>5

HUMUS
1 very low
2 low

Carbon content
<.6
>.6

LANDSCP.
1 fadama
2 tudu

Landscape units
fadama(flooded land)
tudu(non flooded land)

SUB SOIL SAL.
1 slight
2 saline

Salinity status of subsoil
<4
>4

SURF. BRIT.
1 soft
2 slig.hard
3 hard

Surface crust brittleness
soft
slig.hard
hard

SURF. THICK.
1 thin
2 med.
3 thick

Surface crust thickness
o - 2

mm

TOP SOIL SAL.
1 none
2 slight

Salinity status of top soil
0-2
>2

mmohs

TPSTR.

Top soil structure

g/cm3

Me/lOOg

Assesmt. standard
is shown in page(

meter

%

mmohs

WDDEP.
1
2

Wind deposition
none to slight accumulation
Sand accumulation

OVERGZ.
1
2

Overgrazing
intensive
extensive

COMPARISON OF THE TWO MODELS
The two models are very similar. Differences only arise due to the quality of data input. The
closeness of the evaluations of the mapping units classified high, moderate and low by the
two models indicate the capability of the models to represent the reahty. This is for the fact
that different land degradation^ parameters were used for the systems. In the case of ALES,
sand accumulation, aridification, nutrient depletion and biological degradation were used with
the criteria as shown in table 6.14 and the computation results of ALES were inserted in
segments digitized from the physiographic map resulting in the map fig. 6.13. In case of
ILWIS 4 raster attribute maps were overlayed (sand encroachment, compaction, sealing and
crusting and water erosion map resulting in the map fig. 6.11.
However, the Uttle differences shown in the maps are due to the difference data input in each
of the models.
In practical terms, the valley considered low in the two models is presently the most widely
cultivated, even though it occupies less than 15% of the total area but supplies more than 35%
of food requirements of the study area which in reality agrees with the prediction. The models
are therefore considered realistic.
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CHAPTER 7
CONCLUSION AND RECOMMENDATION
The application of remote sensing and geographic information system in this study has
provided a combination that is difficult to match in terms of efficiency in time, convenience
and reliability.
Most of the discussion in this study wctS based on comparison between the aerial photo of
1972, MSS 1976 and 1986 and other ancillary informations gathered during the field work
in 1992.
It has been sufficiently shown from the analysis that the semi arid climate and soils of the
study area are dynamic and highly variable. Consequently, changes, in soil, landuse and
vegetation cover can be dominant especially in periods of rainfall deficit.
Soil deterioration and rainfall variability have been found to be mostly responsible for the
consistent decrease both in crop yield and livestock production. This has led to increase in
cultivated area and incursions into to traditional pastoral land and vice versa with frequent
clashes between the Hausa farmers and the Fulani nomads.
Also of equal concern is the result of 3.2% annual increase in the population of the study area
analyzed in chapter 6. The demographic explosion in Sokoto area (now Sokoto and Kebbi
state) increases accordingly the needs for food , fibber and energy. Even more worrying is
that the present increase at 3.2% literally means that the growth the increase in population of
Sokoto would be approaching 16 million by the year 2018.
The MSS imageries used for the study because of limited fund does not present the best
resolution under this circumstance, however it has demonstrated the enormous potential the
integration of GIS and remote sensing holds as tool for frequent ecological monitoring in
Nigeria.
The present fragility to desertification of the study area evaluated through expert system
models for which ILWIS and ALES were employed estimated 11.8% as low, 57.2% as
moderate and 15.8% as high, makes the study area an endangered land.
From the evidences however, the increase of 12% (12.610 ha) in sand accumulation in the
study area from 1976 to 1986, extensive erosion by water, population explosion , compacted
soils with sealing and crusting of the surface and worsened by highly variable rainfall has
resulted in very low fertility and consistent decrease in crop yield, vegetation cover and
livestock production. All these are converging evidences that the land is been degraded. This
situation raises a vital question, so much have changed within just a span of 30 years. What
will be the situation of this land in 50 years time ?
Even if the emphasis of this study is to diagonise the sickness of the land and not to heal, in
any case, a clear diagnosis is nevertheless indispensable for useful therapy. However, to
accept as well established fact that most degraded land could be rehabilitated with large
amount of capital and technology is not to deny the tragic level of the problems in semi arid
areas. Israel and China offer a good example of reversing land degradation on a reasonable
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time scale.
The failure to assign blame for degradation to human mismanagement has often led to the
belief that nothing could be done to stop it (Mainguet, 1990).
An appropriate treatment recommendation must consider in all its ramifications the following:
1. The causes; habits , interest and culture that are inimical to the land must be discouraged
through an appropriate legislation which must be simple enough to be implemented and
backed with enough awareness with the local people for whom the land protection is most
beneficial.
2. The mechanisms, which are major structural processes, physical or biochemical should be
accorded priority attentions and made open to technical solutions.
The 2 recommendations require 2 levels of implementations:
A. Long term
B. Short term
A. Long term solutions should address the issues of
1. Long term investments in education to initiate compulsory education for the youth as the
practical way to limit the future generations of cultural habits of nomadism, bush burning and
reckless population increase.
2. Public awareness to highlight the need for protect the land and deliberately involving the
community in the planning and execution of afforestation projects.
3. Encourage commercial plantation for fire wood to be developed as an enterprise by capable
persons in the community.
4. Plant more tolerant species of plants as wind breaks backed by law that is simple to
implement with the assistance of the community where it is located.
5. Fund researches related to desertification adequately and especially Energy Research
Institute in Sokoto where enormous efforts have been made in energy efficiency, to use less
firewood for more energy and encourage private entrepreneur to put to use previous research
output of the centre in solar energy and related activities (photo 9).
B. Short term remedial measures should include:
1. Accord land degradation problem the priority it deserves backed by reasonable funding that
will strengthen the items listed below:
-Agricultural extension services to teach farmers simple but reliable technology to improve
agriculture, green manuring technique and monitor constantly the soil quahty.
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B

Photo 9 GOOD EFFORTS MADE BY THE SOKOTO ENERGY CENTRE FOR CHEAP
AND RELIABLE ENERGY LAY WAIST, NEGLECTED AND UNDER FUNDED
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-Maintenance of current dams and subsidies to encourage serious investors in irrigation
farming
-Subsidies (but controlled ) on farm inputs such as fertilizer, pesticide etc.
2. Rehabilitation for the fulani nomads.

Ill
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APPENDIX 1 (a)
SOIL DESCRIPTION
Information of the site
(a) Profile number: POOl
(b) Soil name: (c) Higher category classification:
USDA:
Typic ustifluvent, coarse loamy over clayey, mixed isohyperthermic.
(d) Date of examination: 1 June, 1992.
(e) Author: S.O. MohammedV S.I.Ohamobi.
(f) Location: About 800m from Sokoto River Bridge, and 200m from tarred road ( LHS
to Usman Danfodio University).
(g) Elevation: ?
(h) Landform:
(i) Physiographic position of the site: valley
(ii) Landform of surrounding country: Overflow
mantle,
(iii) Microtopography: Middle of floodplain.
(i) Slope on v^hich profile is sited: Almost flat to very gently sloping (l%-2%) to the
north-east.
(j) Vegetation or land-use: Cultivation of arable crops,grazing. Wooded
shrubland.
(k) Climate: Mean annual rainfall between 690mm and 752mm mean annual temperature
between 27°C and 30°C. The coolest months are December and January with
a mean of 24°C. The hottest months are from March to June, with a mean of 30°C.
Temperature regime is isohyperthermic and moisture regime is ustic.

General information on the soil
(a) Parent material: alluvium.
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(b) Drainage: Class 2 - Imperfectly drained.
(c) Moisture conditions in the soil: Dry from 0-60cm and moist from 60-180cm.
(d) Depth of groundwater table: Greater than 180 cm.
(e) Presence of surface stones or rock outcrops: None.
(f) Evidence of erosion: Slight.
(g) Presence of salt or alkali: None.
(h) Human influence: manual/animal/machine plowghing and intensive cultivation
(Irrigated/rainfed)

in.

Brief general description of the profile
Deep, imperfectly drained, dark yellowish brown to very pale brown profile. Structure
varies from medium, strong to weak in the profile, with few gravels. The profile is hard,
fine root occur from 20-180 cm.

IV.

Profile description

Ap 0-20 cm Dark yellowish brown (lOYR 4/4) moist and brown(10YR 5/3) dry; many,
medium distinct and clear yellowish brown mottles (5YR 5/8); silty clay loam; clody
, hard, firm, sticky and plastic, many fine interstitial pores; few gravels; many, small
hard, irregular iron nodules; many fine roots; gradual irregular boundary; pH 5.9.
CI 20-50 Dark yelloush brown (lOYR 4/4) moist and light yellowish brown (lOYR
6/4) dry; many medium, distinct and clear strong brown mottles (7.5YR 4/6);
sandy loam; moderate platy; hard, firm, sticky and plastic few, fine,
intertitial pores; many gravels; many, small, hard irregular iron nodules; common, fine
roots; abrupt, smooth boundary; pH 6.6.
2C 50-90. Dark yellouish brown (lOYR 4/4) moist and brown (lOYR 4/3)dry; many
medium, distinct and clear strong brown mottles (7.5YR 4/6) silty clay; strong, coarse,
angular blocky very hard very fine, sticky and plastic, few, fine interstitial pores; few
gravels; many, small, hard irregular, very fine iron/mn nodules; common, fine roots;
abrupt, smooth boundary; pH 6.7.
3C 90-180 Very pale brown (10YR7/4)moist; few, medium, distinct yellouish brown
mottles (7.5YR 4/6); sandy loam; weak, platy; soft, friable, non sticky, non-plastic;
many, fine, interstitial pores; few gravels; many, small, hard, irregular, iron nodules
common fine roots; pH 6.7.
V.

Interpreted characteristics of the soil
This is a clear sratified silty clay loam topsoil overlying clay loam and sandy loam
subsoils. It is a valley soil on an overflow mantle of imperfectly drained soils. It belongs
to the order Entisols.
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SOIL DESCRIPTION
I.

Information of the site.
(a) Profile number: P002
(b) Soil name:
(c) Higher category classification:
USDA:
Arenic Paleustalf, coarse, loamy mixed, isohyperthermic.
(d) Data of examination: 10 June, 1992.
(e) Author: S.O MOHAMMED/S.I.Ohamobi
(f) Location: 200 m from the road leading to the Sokoto University, (About IKm to
Dandaye).
(g) Elevation:
(h) Landform:
Piedmont; distal glacis; lower glacis,
(i) Slope on which profile is sited: Very gentiy sloping (1-2%).
(j) Vegetation or Land use: Cultivation of arable crops, grazing, a few large trees.
(k) Climate: Mean annual rainfall between 690mm and 752mm. Mean annual temperature
between 27° C and 30 °C The coolest months are between December and
January, a mean temperature of 24*'C, and the hotest months are from March to June,
with a mean temperature of 30°C . Temperature regime is isohyperthermic and moisture
regime is ustic.

II.

General information of the Soil
(a) Parent material: (colluvium/aeolian/coversand).
(b) Drainage: Class 4 well drained.
(c) Moisture conditions in the soil: Dry down to 110cm, moist from 110 to 200cm.
(d) Depth of groundwater table: Below 2m.
(e) Presence of surface stones or rock outcrops: None found within 300m from
the site.
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(f) Evidence of erosion: Rill erosion mainly.
(g) Precence of salt or alkali: None.
(h) Human influence: Neem tree plantation.
i n . Brief general description of the profile
Deep well drained, brown profile with mainly sandy loam textures. Structure is medium and
subangular blocky throughout the profile. The profile is mainly friable,
non-sticky
and non-plastic. It is porous and has fine roots.
IV,

Profile description
Ap 0 - 20cm Brown (7.5YR 5/4) moist and dark yellowish brown (lOYR 4/6)dry, coarse
loamy sand; massive to weak, medium subangular blockysoft, friable, non-sticky,non-plastic;
many, fine, interstitial pores; many, angular quartz and gravels; many small, hard (iron and
manganese) nodules; many fine roots; diffuse smooth boundary; pH 6.1.
A 20 - 33 brown (7.5YR 5/4) moist and dark yellowish brown (lOYR 4/6) dry; sand;
massive to weak, medium, subangular blocky; soft friable, non-sticky, non-slightly
weathered quartz and gravels; few small, hard, (iron and manganese) nodules;
many fine roots; diffuse, smooth boundary; pH 6.0.
2Btl 33 - 57 Brown (7.5YR 4/3) moist and brown (7.5YR y loam; massive to moderate,
medium sub-angular blocky; soft, friable, non-sticky, non-plastic; many, fine, interstitial
pores; very few, angular, slightly weathered quartz and gravels; few small, hard iron and
manganese nodules; common fine roots; diffuse smooth boundary; pH 6.4.
2Bt2 57 - 110 Strong brown (7.5YR) moist and dark yellowish brown (lOYR 4/6) dry;
sandy loam massive to moderate, medium sub-angular blocky; hard friable, non-sticky, nonplastic; common, fine, interstitial pores very few, angular slightly weathered quartz and
gravels; few, small, hard, iron and manganese nodules; common, fine roots; diffuse
boundary; pH 6.1.
2Bt3 110 - 200 Strong brown (7.5YR 4/6) moist and yellowish brown(7.5YR 5/6) dry;
sandy loam; massive to moderate, medium, subangular blocky; hard, friable, non-sticky, nonplastic; common fine, interstitial pores; very few angular, slightly weathered rock fragments
quartz and gravels; very few, very fine, roots; pH 5.7.

V.

Interpreteted information on the soil

The soil is well drained with loamy sand topsoil to sand and sandy loam subsoils. It is
classified as an alfisol because of the argillic B-horizon.
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SOIL DESCRIPTION

I.

Information of the site.
a) Profile number: P003
b) Soil name:c) Higher category classification:
USDA:
Lithic Plinthustalf, clayey-skeletal, mixed, isohypathermic:
d) Date of examination: 1 June, 1992
e) Authors: S.O.Mohammed/S.I.Ohamobi
f) Location: 600m from profile P002
g) Elevetion:
h) Landform:
(i) Physiographic position of the site: plateau
(ii) Landform of sorrounding country: summit/shoulder complex
(iii) Microtopography: i) Slope on which profile is sited:
Gently sloping (4%) to the North East
j) Vegetation or Land use: Grazing, scattered small neem plants
k) Climate: Mean annual rainfall between 690mm and 725mm. Mean annual temperature
between 27° C and 30" C. The coolest months are December and January with a mean
temperature of 24° C and the hottest months are from March to June, with a mean
temperature of 30° C. Temperature regime is isohyperthermic and moisture regime is
ustoc.

II. General information on the soil:
a) Parent material: Sedimentary in origin (mainly latentie)
b) Drainage: Class 5 - somewhat excessively drained
c) Moisture conditions in the soil: Dry throughout the profile
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d) Depth of groundwater table: No apparent influence on the profile
e) Presence of surface stones or rock outcrops: Laterite stones and boulders common.
f) Evidence of erosion: Slight sheet erosion
g) Presence of salt and/or alkli: Nil
h) Human influence: Quarrying of laterite rock materials for road construction.

III. Brief general description of profile:
Very shallow profile on the plateau surface , somhow deeper in the cracks
and factors of the rocky surface with a lithic contact at 15cm. It is reddish
brown with sandy loam to clay loam textures. Structure is weak. Laterite
iron stones are dominantly present.

IV. Profile Description:
A 0 - 15/20

C

Dark reddish brown (5YR 3/3) moist and reddish brown (5YR 4/4) dry;
sandy loam to clay loam; weak, very fine, subangular blocky; soft, friable,
sticky, plastic; few fine interstitial pores; laterite iron stones; few, fine
roots; clear boundary; pH 5.9.
Bouldery

V. Intepreted characteristics of the soil:
This is a lateritic soil with 15cm of soil on top of a rock outcrop. Shrubs can be found on the
parts with soil, i.e., shallow profiles on the surface and shallow to moderately deep in the
fractures. It is as a result of this used as grazing land in rainy season.

125

SOIL DESCRIPTION
Information of the site
(a) Profile number: P006
(b) Soil name:
(c) Higher category classification:
USDA:
Fluventic Ustropept, loamy mixed, isohypertermic.
(d) Date of examination: 2 June, 1992.
(e) Author: S.O.Mohammed/S.I.Ohamobi
(f) Location: About 100m on the opposite side of Rima River from Dandaye village.
(g) Elevation: ?
(h) Landform:
valley; Floodplain; levee.
(i) Slope on v^hich profile is sited: Gentle sloping (3%) to the North-East.
(j) Vegetation or land use: Cultivation of vegetables, scattered trees, predominantly mango.
(k) Climate: Mean annual rainfall between 690mm and 752mm. Mean annual temperture
between 27°C and 30°C. The coolest months are December and January, with a mean
of 24°C. The hottest months are from March to June, with a mean of 30°C. Temperture
regime is isohyperthermic and moisture regime is ustic.
General information on the soil:
(a) Parent material: alluvium.
(b) Dainage: Class 3 Modeartely well drained.
(c) Moisture condition in the soil: Dry from 0 to 4cm moist from 40 to 200cm down the
profile.
(d) Depth of groundwater table: Greater than 200cm.
(e) Presence of surface stones or rock outcrops: None.
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(f) Evidence of erosion: Mainly sheet erosion.
(g) Presence of salt or alkali: None.
(h) Human influence: Cultivation, grazing in uncultivated part.
III. Brief description of the profile
Deep moderately well drained, yellowish brown to very pale brown profile with silty clay
loam, sand and silt textures throughout the profile. There are lithological discontinuities
within the profile. Interstitial pores are common throughout the profile.
IV.

Profile description
Ap 0 - 20 Yellowish brown (lOYR 5/4) moist, and brown (lOYR 5/3) dry; few, fine
distinct yellowish brown mottles (lOYR 5/8); silty clay loam; moderate, medium
subangular blocky; hard, firm, sticky and plastic; many, fine, interstitial pores;
few, small, hard, iron and manganese nodules; many, fine, roots; distinct,
smooth, boundary; pH 7.4.
Bw 20 - 40 Yellowish brown (lOYR 5/4)moist, and Yellowish brow (lOYR 5/4) dry;
common, fine, distinct yellowish brown mottles (lOYR 5/8); light silty clay loam; weak,
medium, angular blocky; hard, firm, sticky plastic; many, fine, interstitial pores;
mica flakes; few, small, hard, iron and manganese; many fine roots; gradual, smooth
boundary; pH 7.5.
2Bw 40-48 Brown (lOyr 5/3) moist and pale brown (lOyr 5/3) dry; many,medium,distinct
yellowish brown mottles (lOyr 5/8); silty loam; moderate, medium, subangular blocky;
friable,sticky plastic; few, fine interstitial pores; mica flakes; few, small, hand, iron and
manganese nodules; few, fine roots; gradual,smooth boundary; pH 7.3.
3Bw 48-80 Very pale brown (lOYR 7/4) moist and very pale brown (lOYR 7/3) few,
medium, distinct yellowish brown mottles (lOYR 5/8); sandy loam; massive to weak,
medium, subangular blocky; friable, slightly sticky and slightly plastic; few, fine, interstitial
pores; mica flakes; dominant, small, soft, spherical iron and manganese nodules;
very few, fine roots; clear,smooth boundary; pH 6.8.
4Bw 80-92 very pale brown (lOYR 7/4) most; few,medium, distinct, yellowish brown
mottles(10YR 5/8); sandy clay loam; weak, medium, subangular blocky; firm
slightly
sticky, slightly plastic; few, fine, interstitial pores; clear smooth boundary; pH 5.5.
C 92-115 Dark yellowish brown (lOYR 4/4) moist, and very pale brown (lOYR 7/3) dry;
few, medium, distinct, yellowish brown motdes (lOyr 5/8); clay loam; weak, platy; gradual,
smooth boundary; pH 5.5.5Bw 115-140 Very pale brown (lOYR 7/4) moist and very
pale brown (lOYR 8/4) dry; few, medium, distinct, yellowish brown mottles (lOYR 5/8);
silty loam; weak, medium, subangular blocky; firm, sticky, plastic; few, fine, interstitial
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pores; gradual smooth boundary; pH 6.7.
2C 140-200 Light yellowish brown (lOYR 6/4) moist and very pale brown (lOYR 7/4) dry;
few, medium, distinct, yellowish brown mottles (lOYR 8/5); silty clay loam;
massive firm, sticky, plastic; few, fine,interstitial pores; pH 6.8.
V. Interpreted characteristics of the soil:
This soil is charaterized by layers of previous flooding depositions. It is a silty clay loam
overlying silt loam, sandy loam, sandy clay loam, clay loam and silty loam subsoils. It is
classified as an inceptisol representing the levee soils of the area.
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SOIL DESCRIPTION

Information of the site
a) Profile number: P008
b) Soil name:
c) Higher category classification:
USDA : Ustic quartripsamment, sandy, isohyperthermic
d) Date of examination: 15 June, 1992
e) Authors: S.O.Mohammed / S.I.Ohamobi
f) Location: 400m from Gidan Gobbe village (inside a millet farm)
g) Elevation:
h) Landform:
i) Physiographic position of the site: piedmont
ii) Landform of surrounding country: distal glacis
iii) Microtopography: nil
i) Slope on which profile is sited: very gently sloping (2%) to the north-east
j) Vegetation or land use: millet farm and a few trees and shrubs.

k) Climate: Mean annual rainfall between 690mm and 752mm. Mean annual
temperature between 27°c and 30°c. The coolest months are December and January
with a mean temperature of 24°c and the hottest months are from march to June,
with a mean temperature of 30oc. Temperature regime is isohypathermic and
moisture regime is ustic.
II. General information on the soil

a) Parent material: derived from aeolian deposits
b) Drainage: class 5 -somewhat excessively drained
c) Moisture condition in the soil: moist from 0 - 20cm and dry from 20 - 200cm
down the profile
d) Depth of ground water table: unknown, no apparent influence on the profile
e) presence of surface stones or rock outcrops: none
f) Evidence of erosion: mainly wind resulting in sand deposition
g) Presence of salt or alkali: none
h) Human influence: cultivationand grazing
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III. Brief general description of the profile
Profile generally brown with sandy textures throughout. There is a hurried argillic B horizon.
No structure in the upper horizons. Structural development in the burried B horizon is weak.
Interstitial pores are common throughout the profile.
IV. Profile description
Ap 0 - 25cm Dark yellowish brown (10 YR 4/6) moist and light yellowish brown (10 YR
6/4) dry; coarse loamy sand; single grain; hard, loose, non- sticky, non-plastic; structureless,
medium,interstitial pores; few angular gravels and quartz; many, medium roots; gradual
smooth boundary; pH 5.7.
C25 -140cm Dark yellowish brown (10 YR 4/6) moist and brownish yellow (10 YR 6/6)
dry; coarse loamy sand; single grain; hard, loose, non-sticky, non-stic; structureless, medium,
interstitial pores; few, angular gravels and quartz; common, fine roots; diffuse smooth
boundary; pH 5.6
Btlb 140 -160cm Strong brown(7.5 YR 5/6) moist and yellow (10 YR 7/6) dry; sandy loams;
weak, medium, subangular blocky; hard, friable, sUghtly sticky, slightly plastic; continuous,
thin clay skins; few medium interstitial pores, many angular gravels and quartz; few, fine
roots; diffuse smooth boundary; pH 5.4
Bt2b 160 -200cm Yellowish brown (10 YR 5/6) moist and yellow (lOYR) dry; Sandy loam;
weak, medium, subangular blocky ; hard, friable, slightly sticky, slightly plastic;
continuous thin clay skins; few, fine, interstitial pores; few fine, roots; gradual
smooth boundary; pH 5.4.
V. Interpreted characteristics of the soil
This soil is very sandy and very deep. Most of these sands are wind blown but has stabilized
by millet crops that are being cultivated there. It has been classified as Quarzipsamment.
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SOIL DESCRIPTION

I,

Information of the site
a) Profile number: P009
b) Soil name:
c) HJEh category classification:
USDA:
Aerie Tropaquept, fine mixed, Isohyperthermic
d) Date of examination: 15 June 1992
e) Author: S.O.Mohammed/S.I.Ohamobi
f) Location: Near Wamako market in the floodplain
g) Elevation:
h) Land form:
i) Physiographic position of the site: valley,
ii) Landform of surrounding country: flood plain
iii) Microtopography: nil
i) Slope on which profile is sited: gentiy sloping (3%) to the north-west
j) Vegetation or Land use: millet cultivation. Few scattered shrubs
k) Climate: Mean annual rainfall between 690mm and 752mm. Mean annual temperature
between 27° C and 30°C. The coolest months are December and January with a
temperature of about 24° C and the hottest months are from March to June, with a
mean temperature of 30° C. Temperature regime is isohyperthemic and
moisture regime is Ustic.

II. General information on soil
a) Parent material: alluvium
b) Drainage: class 2 -imperfectiy drained
c) Moisture condition in the soil: moist throughout
d) Depth of ground water table: greater than 220cm
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e) Presence of surface stones or rock outcrops: none
f) Evidence of erosion: slight
g) Presence of salt or alkali: nil
h) Human influence: cultivation
i n . Brief general description of profile
Profile has heavy textures and has an almost brown colour throughout. It is moist.
There are fine interstitial pores. Roots distribution is normal.
IV. Profile description
Ap 0 - 20cm Dark yellowish brown (10YR4/4) moist; Silty clay loam; strong, coarse,
subangular blocky; hard, firm, sticky, plastic; common, fine, interstitial
pores; many, medium roots; diffuse smooth boundary; pH 5.6
BW 20 -40

Light yellowish brown (lOYR 6/4) moist; silty clay; strong, coarse,
subangulas blocky; hard, very firm, very sticky,very plastic:common fine
interstitial pores; fine roots; gradual, irregular, boundarys pH 5.5.
Bwg 40 - 90 Light grey (lOYR 7/2) moist;many,medim, distinct, clear, yellowish
brown matters (lOYR 5/6); sandy clay; massive; very hard, very firm,
very sticky,very plastic, many, fine interstitial pores; few, small,
soft,irregular,iron and manganese nodules; common, fine roots; broken
boundary; pH 8.3.
EC 90 - 150 Dark greyish brown (lOYR 4/2) moist, many, medium, distinct, clear,
brownish yellow mottles (lOYR 6/6; heavy sand loam; massive to weak,
medium subsangular blocky; hard, firm and slightly sticky, slightly plastic
many, fine, interstitial pores; few, small, soft irregular,iron and manganese
nodules;few,fine roots;pH 7.9
V. Interpreted characteristics of the soil:
This soil is very heavy clay. It is very hard when dry and very difficult to dig. Some cracks
were observed in the soil profile. It is a valley soil and classified as an Aerie Tropaquept.
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SOIL DESCRIPTION
I. Information of the site:
(a) Profile number: POIO.
(b) Soil name:
(c) Higher category classification:
USDA:
Arenic Paleustalf, coarse loamy, isohyperthemic.
(d) Date of examination: 15* June, 1992.
(e) Authors: S.O.Mohammed/S.I.Ohamobi
(f) Location: Wamako centre.
(g) Elevation:
(h) Land forms:
(i) Physiographic position of the site: piedmont,
(ii) Land form of surrounding country:
Proximal glacis,
(iii) Microtopography: (i) Slope on which profile is sited: Almost flat to gently sloping (2%) to the South West.
(j) Vegetation or land use: Partially cultivated area with very few scattered trees.
(k) Climate: Mean annual rainfall between 690mm and 752mm. Mean annual
temperature between 27" C and 30" C.
The coolest months are December and January with a mean temperature of 24° C and
the hottest months are from March to June, with a mean temperature of 30° C.
Temprature regime is isohyperthemic and moisture regime is ustic.
II, General information on the soil:
(a)

Parent material: Derived from coversand/colluvium.

(b)

Drainage: class 4 - well drained.

(c)

Moisture conditions in the soil: Dry throughout the profile.

(d)

Depth of groundwater table: No apparent influence on the profile.
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(e)

Presence of surface stones or rock outcrops: very few lateritic stones and rock outcrops
at 500m from site.

(f)

Evidence of erosion: Moderate sheet erosion.

(g)

Presence of salt and/or alkai: Nil.

(h)

Human influence: Settlements mainly.

i n . Brief general description of profile:
Very deep, yellowish red to red profile with sandy textures. Structure is
generally weak. There is a pronounced argillic B horizon. Interstitial pores
are generally fine.
IV. Profile Description
Ap 0 - 20cm Reddish yellow (5YR 6/6) moist and yellowish red (5YR 5/8) dry; coarse
loamy sand; very weak medium subangular blocky; slightly hard, friable,
non-sticky, non-plastic; many fine interstitial pores; many meddum roots;
clear smooth boundary; pH 6.1.
Btl 20 - 60

Yellowish red (5YR 5/8) moist and yellowish red (5YR 4/6) dry; coarse
sandy loam; weak medium subangular blocky; slightly hard, friable, nonsticky, non-plastic; continous, thin clay skins; many fine interstitial pores;
common fine roots; gradual, smooth boundary; pH 6.1.

Bt2 6 0 - 1 1 0 Dark red (2.5YR 3/6) moist and red (2.5YR 4/8) dry; üght sandy clay
loam; moderate, medium subangular blocky; hard, firm, slightly sticky,
slightly plastic; continous, thin clay skins; common, fine, interstitial pores;
few, fine roots; gradual smooth boundary; pH 6.5.
BC 110 - 170 Yellowish red (5YR 5/8) moist and red (2.5YR 4/6) dry; sandy clay loam;
massive to weak, medium subangular blocky; very firm, sticky, plastic; few
fine interstitial pores; pH 6.6
V. Intepreted characteristics of the soil:
The soil is coarse sandy from top heavy sandy clay to sandy clay loam below the surface. It is
reddish and well drained and well developed soil. It is classified as an alfisol because of its well
developed argillic B-horizon.
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APPENDIX 2 (a)
QUESTIONNAIRE (CHECK LIST)
MONITORING LAND DEGRADATION AS INDICATOR OF DESERTIHCATION SOKOTO,
NIGERIA
1. DO YOU OBSERVE CHANGES IN VEGETATION STRUCTURE AND COMPOSITION
IN THE LAST TWO DECADES ?
2. IF YES, WHICH OF THE SPECIES HAVE DECREASED OR INCREASED MOST ?
3. DO YOU HAVE LIMITATIONS IN TERMS OF FEED FOR YOUR ANIMALS DUE TO
UNPALATABILITY OR COMPLETE DISAPPEARANCE OF GRASS IN CERTAIN
PLACES AT CERTAIN TIME ?
4. IF YES, WHAT DO YOU THINK IS RESPONSIBLE AND WHERE DO YOU HAVE
THE LIMITATION MOST ?
5. DO YOU OBSERVE ANY RELATIONSHIP BETWEEN THE CHANGES IN
VEGETATION TO DROUGHT YEARS ?
6. DO YOU OR YOUR COLLEQUES IN LIVESTOCK FARMING COMPLAIN OF
OTHER LIMITATIONS OTHER THAN THE ONES MENTIONED ABOVE ?
7. WHAT WAS THE NUMBER OF YOUR LIVESTOCK 30, 20 AND 10 YEARS AGO
AND NOW ?
8. WHAT IN YOUR OPINION IS RESPONSIBLE FOR THE INCREASE OR DECREASE?
9. DO YOU HAVE ANY SUGGESTION TO IMPROVE THE SITUATION ?
lO.HOW FAR DID YOUR MEMBERS OF YOUR FAMILY HAVE TO TRAVEL TO GET
FIREWOOD 30, 20 AND 10 YEARS AGO AND NOW ?
11.WHAT DO YOU THINK IS RESPONSIBLE FOR THE LONGER OR SHORTER
DISTANCES COVERED NOW ?
12.DO YOU HAVE ANY SUGGESTION TO THE SITUATION ?
13.IS THE LOCATION OF YOUR FARM NOW DIFFERENT FROM WHERE IT WAS 30,
20, AND 10 YEARS AGO ?
14.IF YES, WHAT IS RESPONSIBLE FOR THE RELOCATION ?
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15.IF NO, WHAT CHANGES DO YOU NOTICE IN CROP YIELD OF YOUR REGULAR
CROPS ?
16.D0 YOU ENCOUNTER PROBLEMS OF SALINITY ?
17.IF YES, WHAT EFFECT DO YOU NOTICE ON CROP YIELD AND SINCE WHEN?
18.DO YOU OBSERVE CHANGES IN THE GROUNDWATER LEVEL OF YOUR FARM?
19.IF YES, SINCE WHEN AND WHAT DO YOU THINK IS RESPONSIBLE ?
18.HAVE YOU ANY REMARK WHICH YOU THINK IS IMPORTANT AND WHICH
HAS NOT BEEN ASKED ?
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APPENDIX 2b
QUESTIONNAIRE ON MONITORING OF LAND DEGRADATION AS INDICATOR OF
DESERTIFICATION ?
Dear respondent,
This questionnaire is designed to help in monitoring of land degradation processes as indicators
of desertification, using remote sensing and geographic information system to study encroachment
in North west Nigeria. The survey is also to compliment other sources of data for the master of
science thesis, hence your response to the questions will be highly appreciated and it will be
treated with utmost confidence.
Thank you.

PLEASE TICK THE MOST APPROPRIATE multiple choice below:
1. I AM A/AN 1
2
3
4

TEACHER
FARMER
SCIENTIST
ENGINEER

2. WHAT IS YOUR SPECIALIZATION AREA ?
3. DO YOU NOTICE CHANGES IN VEGETATION STRUCTURE AND COMPOSITION
IN THE LAST TWO DECADES ?
YES
NO
4. IF YES, WHAT SPECIFIC SPECIES DO YOU NOTICE THAT WAS NOT
PREVIOUSLY PRESENT ?
5. IN YOUR OPINION, WOULD YOU SAY THERE HAVE BEEN AN INCREASE IN
THE DROUGHT RESISTANT SPECIES ?
6.IF YES, WHICH SPECIES HAVE INCREASED OR DECREASED ?
IF NO, WHAT RELATIONSHIP CAN YOU SAY EXISTS BETWEEN QUESTION 3 AND
6?
7.D0 YOU OBSERVE ANY RELATIONSHIP BETWEEN THE CHANGES IN
VEGETATION TO DROUGHT YEAR ? YES
NO
8.IF YES WHAT IS THE RELATIONSHIP ?
9.WHAT IN YOUR OPINION, WOULD YOU CONSIDER A LIMITATION TO
LIVESTOCK FARMING IN SOKOTO AREA IN THE LAST THREE OR TWO
DECADES?
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lO.WHAT DO YOU CONSIDER AS THE MAIN REASONS FOR THE DECREASE OR
INCREASE IN CROP PRODUCTION ?
ll.AS PART OF YOUR PROGRAM, DO YOU OR YOUR ORGANISATION CARRY OUT
ANY RESEARCH ON DESERTIFICATION ? YES
NO
12.IF YES, WHAT SPECIFIC AREA ?
13.WHAT DO YOU CONSIDER AS THE MAIN INDICATORS ?
14.D0 YOU OR YOUR ORGANISATION USE IMPROVED VARIETY ? YES
NO
15 IF YES, WHAT IS THE DIFFERENCE IN YIELD WHEN COMPARED WITH THE
LOCAL VARIETY PER HECTARE ?
16.WITH FERTILIZER AND WITHOUT FERTILIZER ?
17.WHAT OTHER COMMENTS DO YOU HAVE WHICH INDICATES PROCESSES OF
LAND DEGRADATION NOT PRESENTED IN THIS QUESTIONNAIRE.
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APPENDIX 3 CROP CALENDER OF SOKOTO AREA
SEASONS

MILLET, SORGHUM, MAIZE,
GROUND NUT, RICE, TOBACCO,
SUGAR CANE,

FEB.

HARVESTING

MAR.

DRY, HARMAl'IAN

APR.

DRY, HARMATTAN

MAY

LAND PREPARATION & PLANTING

JUN.

PLANTING AND MANURING

JUL.

GROWING SEASON

AUG.

GROWING SEA./HARVESTING

SEP.

HARVESTING

OCT.

HARVESTING

NOV.

PLANTING OF IRRIG. CROPS

DEC.

GROWING PERIOD

JAN.

GROWING PERIOD

FEB.

HARVESTING

ERRATA
1. Page 22 other climatic data Table 3.1b
2. Page 22 last line fig. 3.3 not fig. 5
3. Page 24 number 3.2.5 3rd line fig.3.3 not fig.5
4. Page 32 paragraph 3 line 5 Fig. 4.3 is to be changed to 4.2
5. Page 45 first line (analysis) to be (Analysis)
6. Page 52 LH Lithic, H is missing
7. Page 53 number 4 (geo. refience) were done using topographic map
8. Page 53 number 10 "to" should be deleted
9. Page 59 paragraph 1 line 9 is (see fig. 6.1c)
10. Page 63, 7c at the end of first line should be deleted
U. Page 68 paragraph 1 line 6 fig. 6.2b is to be fig. 6.3b
12. Page 89 paragraph 1 line 3 10% is to be 14%

done missing

