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ABSTRACT

‘Water occupies a unique position in agricultural production and its
conservation through proper management for all life - support systems is a
standard practice world over. For the period of 1991-2000, an estimated
5527 hectare of arable farm lands were cultivated in Enugu State with
‘expected crop yield of 474,387 metric tonnes. Only 215.699 metric tonnes
(45% of expected yield) was actually realized during the same period. An
attempt is made in this work to expatiate on the various scenarios of water
‘needs by crops in relation to the climate related problems of agriculture that
'have been hitherto neglected in Enugu State. The purpose of the study is to
quantify precipitation characteristics in relation to agriculture and identify
crops that are threatened by variations in climate in different parts of the
' State for the purpose of ensuring that planning for optimum growth and
- development of crops under rainfed agriculture. Data from 17 agricultural
stations covering a total of 382 station - years were selected on the basis of
their length of records, to compute observed and derived parameters of
precipitation effectiveness including onset, cessation date of rains in
estimating the length of rainy season, breaks (dry spells), hydrologic ratio
(A), specific water consumption or water equivalent to avert drought. In
addition, a structured questionnaire was administered to collect data from the
- farmers. Chi-square analysis technique and other descriptive statistics were
- used in analyzing the data. Results showed that the onset dates of rains vary
. between March 21 and April 10 with rains starting 3 weeks earlier in the
| south west. The termination dates occur between October 27 in the eastern
fringes and November 25 in the extreme western part with the maximum
range of 30 days in the entire Enugu State. The rainy season has duration of
190- 210 days in the north, 230-250 days maximum in the central and 210-
230 days in the south eastern sections respectively. The hydrologic ratio (A)
values ranges between 0.4 to 0.9 which implies that the value of 0.9 is near
the hydro neutral value of 1.0 for optimum crop yield but some parts the
value is 40% of required soil moisture for option yield. Thus crop yield will
vary from near optimum in some parts to about 40% in other parts for
improved yield; water supplementation strategies may be necessary. This is
supported by deficit specific water consumption of between 250mm to a
surplus of 360mm. across the state. Specifically, it is only in the extreme
north and southeast that crop yield is optimum value. Thus, to do water
supplementation in the north and southeast specific water consumption in
the best indicator. The result from the questionnaire showed that people’s
opinion support combined rainfed and water supplementation practices. The
finding will help for better understanding of yield and water relationship.



1.7.6
1.8

2.7
2.2

2.3

2.4

2.5

3.1

3.2

3.2.1
322
3.23
324
3.2.5
3.2.6
3.2.7
3.2.8

3.29

Man’s Activities: - - - - - - -
Some Basic Soil-Water Plant Interactions Management Concept
CHAPTER TWO
LITERATURE REVIEW
Introduction - - - - . - - .
Historical Perspective of Irrigation - - - -

Irrigation Needs as Against Rainfed Agriculture with Added
Attributes - - - - - . - .

Irrigation Development in Nigeria- -

Irrigation Development in the South East Geo-Political Zone-
The case of the study Area - - - - - "

CHAPTER THREE
MATERIALS AND METHODS

Data Collection Procedure

Methods Of Data Analysis -
Mean - - - - - - - - -

Mean Deviation - - - = 2 " -

The Standard Deviation
Variance - - - - - . - .
Percentage - - - - - - - -
Ogive - - - - - - - - -

Measures Of Precipitation Effectiveness:

Hydrologic Ratio - - - > - 5 -

Water Equivalent To Avert Drought - - - -

X

31
35

43
44

46
47

48

61
63
63
64
64
65
65
65
66
67
68




3.2.10 Correlation Analysis - - - - - - 70
3.2.11 Chi-square Distribution Analysis - - - - - - 71
CHAPTER FOUR |
AGROCLIMATOLOGICAL CONDITIONS IN ENUGU STATE

4.0 Introduction - - - - - - - - 73
4.10nset Dates Of The Rains. - - - - - - 74
4.2 Cessation Dates Of The Rains And Irrigation Scheduling - - 82
4.3 Length Of The Rainy Season (LRS) - - - - - 87
4.4 Mean Annual Rainfall Distribution in Enugu State - - - 100
4.5 Breaks Or Dry Spells Dates - - - - - - 103
4.6 Forecasting Irrigation Needs With Agroclimatic Variables. - 105
4.7 Averting Drought Situation In Enugu State. - - - - 111
CHAPTER FIVE
WATER USE AND AGRICULTURE IN ENUGU STATE

5.0 Introduction - - - - - - - - 115
5.1  Major Source Of Water To The Farm - - - - 115
5.2 Climate Change And Agriculture Production - - - 116
5.3  Environmental Degradation And Its Impact On Agricultural

Production - - - - - - - - 118
5.4  Water Use And Field Application Efficiency - - - 120
5.5 Water Lifting Devices For Irrigation - - - - 122
5.6  Farm Size Holding and Irrigation Potential - - - 123

5.7  Water Resources Utilization and Irrigation Development in Enugu




State - - - - - - - - - 125
5.8  Agricultural Credit And Food Production - - - 126
5.9 Climate Change And strategies For Sustainable Agricultural

Development - - - - - - - 128

CHAPTER SIX
SUMMARY, CONCLUSION AND RECOMMENDATION

Conclusion - - - - - - - - 134
Recommendations - - - - - - - - 135
References - - - - - - - - - 138

Appendices - 154

xi




TABLE
1.1

(s

1.3

1.4

1.5

1.6

3.1

4.1

4.2
43
4.4
4.5

4.6

LIST OF TABLES

Irrigation potential for small-scale irrigation in

Nigerian savanna. - - - - - - 4
Irrigation Potential for Large-scale irrigation in Nigeria

Savanna - - - - - - - 5
Enugu State Estimated Area Cultivated of Major Food Crop
Production in Hectare (1991-2000) (‘000) - - - 11
Estimated Yield Expected in (‘000) Tonnes

Hectares (1991-2000)- - - - - - 11
Actual Yield in (‘000) Metric Tonnes (Hectare) 1991-2000) 11
Annual Rainfall (mm) (1991-2000) - - - - 11
Distribution of stations with mean onset (A), Cessation

Dates of Rain (B), Length of Rainy Season (C), Rainfall Distribution
(D) and Their Number of Years Used for the Study. - 62
Station Mean and Standard Deviation of Onset (¢), Cessation

(¢) Dates, Length of Rainy Season (LRS), Rainfall

Distribution and Their Number of Years - - - 74
Mean Onset Dates of the Rains in Enugu State - - 76
Cessation Dates of the Rains in Enugu State - - 82

Major Food Crops and their Growing Periods in Enugu State 100
Breaks or Dry Spells Dates - - - - - 103

Total Rainfall and Number of Days in Wet Months, Total

X11




5.1

52

5.3

5.4

5.5

5.6

5.7

5.8

Rainfall and Number of Days in Dry Months, Specific Water
Consumption and Drought Condition in Enugu State. - 111
Distribution of Respondents According to the Major Source
of Water to the Farm - - - - - - 116
Distribution of the Respondents According to the Damage on
Crop Due to Environmental Degradation - - 118
Distribution of the Respondents on the frequency of water
Application to the Field - - - - - 121
Distribution of Respondents According to Water Lifting Devices 122
Distribution of the Respondents According to the Farm Size
Holdings - - - - - - - - 124
Distribution of the Respondents According to the Problem
Encounter in Securing Irrigation Facilities - - - 125
Distribution of the Respondents According to Assistance needed
by the Farmers - - - - - - - 2T
Distribution of the Respondents According to the Strategies
Adapting to the Effect of Climate Change to Achieve Self

Sufficiency - - - - - - - 128

Xiii




LIST OF FIGURES

Fig. 1.0 Map of Nigeria showing Enugu State as the Study Area 21

Fig.1.1 The Study Area showing the 17 Local Government Areas

And Its Environs - - - - - - 22
Fig 1.2 The Topographic Features of the study Area - - 24
Fig 1.3 Geomorphology and Geology Map of Enugu State - 26
Fig. 1.4 Soils types of Enugu State - - - - 28
Fig1.5 Vegetation map of the study area - - - 30
Fig 1.6 Climatic Zones of Enugu State - - - - ;’52
Fig. 1.7 Agricultural Regions of the Study Area - - - 34
Fig. 3.1 Hypothetical case showing seasonal Trends of Mean Annual

Rainfall and Evapotranspiration - - - - 69
Fig 4.1 Ogive graphs of the study area - - - - 75
Fig 4.2 Mean Onset Dates of the Rains - - - - 77
Fig. 43(a) Early Onset Dates of Rains (Earliest) - - - 79
Fig. 4.2(b) Late Onset Dates of Rains (Delayed) - - - 81
Fig. 4.3 Cessation dates of rains - - - - - 83
Fig. 4.3(a) Premature Cessation Dates of Rains - - - 84
Fig. 4.3(b) Delayed Cessation Dates of Rains - - - 86
Fig.4.4 Length of the Rainy Season (LRS) in Days - - 88
Fig. 4.4(a) Low Length of the Rainy Season (1) - - - 89
Fig. 4.4(b) Low Length of the Rainy Season (2) - - - 91
Fig. 4.4(c): Lowest Length of the Rainy Season (3) - - - 93

X1V




Fig.4.4(d)
Fig. 4.4(e)
Fig. 4.4(f)
Fig. 4.4(g)
Fig. 4.5

Fig. 4.6

Fig. 4.7(a)
Fig. 4.7(b)
Fig. 4.7(c)
Fig 4.8
Fig. 5.1

High Length of the Rainy Season (1) -

High Length of Rainy Season (2) - - -
Highest Length of the Rainy Season (3) - -

Variations in the Length Of the Rainy Season

Mean Annual Rainfall Distribution in (mm)
Values of the Hydrologic Ratio (1) the Degree of
Wetness or Dryness - - - -
Moisture Budget in Northern Zone of Enugu State
Moisture Budget in Central Zone of Enugu State
Moisture Budget in Southern Zone of Enugu State
Water Equivalent to Avert Drought - -

Pie Chart Showing Frequency Distribution of Crops

94
96
97
99

101

106
108
108
108
112

That are Threatened by Climate Change in the Study Area - 117

XV




ASWP
B.C.
CCFR

D Dry
D wet

Eo

ESADP

Eo

Epan
ET
FACU
FAO
FC
HGS
ICDI
LRS

mm

ABBREVIATIONS
Available soil water at planting
Before Christ
Centre for Climate Change and Freshwater Resourceé
Cessation dates of rains
Length of Dry period in days
Length of wet period in days
Evaporation from water surface
Expected Frequency
Enugu State Agricultural Development Project.
Total Evaporation for Hypothetical Open water Surface at
Field conditions
Total evaporation from Class A — Pan
Evapotranspiration
Federal Agricultural Coordinating Unit
Food and Agriculture Organization
Field Capacity
Hydrologic Growing season
International Commission on Irrigation and Drainage
Length of the Rainy season
Millimeter
Number of items in a distribution

Onset dates of rains

XVvi




PE

P Wet

RBDAS

Rn

Q wet

W/F
WMO

X2

<

observed frequency

degree Celsius

Where p = means annual rainfall

PE = means potential evaporation

Average daily precipitation total during Dry period (in mm
day - 1)

f P Eo/Pan

f = means factor to reflect the vegetal cover.

Average daily precipitation total during wet period (in mm
day-1)

River Basin Development Authorities

Net radiant energy available at the earth’s surface
Pearson product moment correlation coefficient.
Summation

Water demand equivalent of PE during wet period (in mm
day-1)

Hydrologic ratio

Standard deviation

Variance

Specific water consumption per unit area of land.
World Meteorological organisation
Chi-square distribution

Yield of crops

Xvii




CHAPTER ONE
INTRODUCTION
1.1 Water and Agriculture — General Perspective

Water is essential for plant growth. As a limited resource, its efficient use
is basic to the survival of the ever-increasing food demand of the world’s over
four billion people. There is need therefore for its conservation in irrigation
support system for agriculture through proper management.

There are three basic environmental conditions that give rise to irrigation.
First, where rainfall is low and cannot meet the yield, complete irrigation is
called for and practiced. The second is, where rainfed agriculture is practiced to
enhance crop production during drought spells, supplemental irrigation is
necessary. This is to neutralize drought spells which could harm crops at critical
stages. Thirdly, where drought is prevalent and predictable thereby causing
poor agricultural activities protective irrigation is practiced. Irrigation is thus the
application of water to the soil for the purpose of satisfying soil moisture
requirements of crops. Irrigated agriculture make food and fiber supplies less
dependent on fluctuations in climate.

The Nineteenth session of the Conference of Food and Agriculture
Organization (FAO) Rome in 1977 recognizing the role of weather variability
and climate in agricultural planning and production, urged all member nations to
make full use of all available meteorological information and services in their
planning and operational exercises. There is no doubt that climate and weather

variability play an overriding role in determining the amount of the physical



productivity of agricultural crops, livestock and forest, as well as the risk of
failure of the productivity. In most food producing regions, the importance of
rainfall overrides that of all other climatic factors which determines crop yield -
for without water no growth will occur (Effiong, 1998).

Sustainable production systems are closely associated with water and
soil management in a land use framework. Agricultural growth must come from
both rainfed and irrigated agriculture through intensification, improved
technology, improved farming practices, the efficient use of water resources,
and the restoration and maintenance of soil fertility. Sustainable agricultural
development is closely associated with economic growth through food security
and strategies.

Effective management and utilization of water resources is necessary for
Nigeria to increase crop production. Water is very vital to the economic growth
of a country where many people are competing for finite environment.
Concentration on rainfed production alone will not meet the need of the citizenry
even if there were no interdiurnal variability of rainfall. This is why the present
Government initiatives on fadama all year — round agriculture is laudable.

Hence conscious efforts are required to make it a high-technology scheme

through refined agroclimatological studies.

1.2  Attributes of Small Scale Irrigation as Against Large-Scale Irrigation
The practice of irrigation can be considered under two headings:

traditional and formal. All types of irrigation involves some form of agricultural

water management technique. These methods range from the cultivation of rice



by controlled flooding to the irrigation of dry season vegetables by means of the
shadoof and calabash. This is an age-old practice and has been in existence
since the 19" century. It is a simple device consisting of a pole, bucked and
counterpoise. These forms of agricultural techniques are carried out in the flood
plains or fadamas of major and minor rivers, as well as other localized areas
which are either prone to flooding or which over lie shallow ground water.
Traditional irrigation is almost all carried out on a small scale by
individual farmers with virtually no assistance from government. Formal
irrigation by which is meant the development and management of irrigated
agriculture in a formally structured agency is very different. Formal irrigation
projects are large scale, and often established with little prior involvement from
farmers or land holders, they are usually managed by a structured government
organization. The shadoof which is now in use throughout the northern Nigerian
fadamas as well as the southern parts of the country in the dry season was
probably adopted as a result of a technology transfer from Egypt — either
brought in by Arab traders or seen by Nigeria pilgrims on their way to Mecca.
The River Basin Development Authorities are large — scale and capital intensive
projects which are designed to facilitate and ensure the year round cultivation of
crops such as rice, wheat, maize, vegetables and raw materials for agro-allied

industries.



Table 1.1:  Irrigation potential for small-scale irrigation in Nigeria
Savanna

State Potential area Development Percentage

(ha) area (ha)

Bauchi 236,346 17,662 7.47

Benue 289,100 540 0.19

Borno 200,100 1,500 0.19

Gongola 366,400 1,855 0.51

Adamawa

Kaduna 81,000 21,000 25.9

Katsina N.A 4,000 0

Kano 163,000 42,000 0.26

Kwara 142,000 872 0.61

Niger N.A 1,500 0

Plateau N.A 3,000 0

Sokoto 100,000 12,505 12.505

Total 1,886,846 106,704 5.67

Source: FACU(1988)

However, the gains that these projects have made must be considered
against the huge financial cost involved. Apart from the fact that they have not
been cost effective, the individual farmers has limited control over water
allocation. The River Basin Development Authorities jointly planned for the
irrigation of about 1.4 million hectare in the savanna zone by 1992 and
developed only 107. 100 hectares while 1.8 million hectare was planned with a
total of 106, 704 hectare development under the same period by the small —
scale irrigation scheme representing 7.4% and 5.7% respectively as shown in

Tables 1.1 and 1.2.




Table 1.2: Irrigation Potential for Large-scale Irrigation in Nigeria Savanna

State Potential area Development Percentage
(ha) area (ha)

Chad Basin 157,500 12,000 7.62

Hadejia-

Jama'are 75,009 16,600 22.13

Lower Benue 130,050 N.A 0

Upper Benue 309,700 N.A 0

Niger 243,200 N.A 0

Sokoto-Rima 108,800 23,500 21.59

Non-River

Project 418,500 55,000 13.14

Total 1,443,459 107,400 7.4

Source: Owonubi et al (1989)

Another important consideration regarding the activities in the long term is
their effect on the environment. Moran et al (1980) found that, only one out of
every four litres of water drawn for irrigation is actually taken up by plants.
Seepage from irrigation canals can be so substantial that, it raises the water
table, creates a marsh, i.e. waterlogging deter growth and development of
young plants, especially non amphibious ones. There may be build up of
inorganic compounds within the topsoil layers due to high evaporation, under
such a condition, crop yield will declines as soil salinity increases. The Federal
Agricultural Co-ordinating Unit, FACU (1988) on its Technical Committee
Report on small-scale Irrigation Development in Nigeria found .that,
environmental and social degradation, increase water losses, increased pest
prevalence, threat of dam failures, poor management and water quality are all
associated with large-scale irrigation.

Small-scale irrigation will enable the farmers to construct and maintain

their equipment with local labour and technology since the system is cheaper. It



will ensure the community participation at every stage of planning and
construction. In other words, there is water user association as is very cost-
effective and more efficient in operation than large-scale irrigation. This is
because its size permits cleaning and repairs to be undertaken quickly. It does
not require resettlement and social disruption associated with the large scale
irrigation. Small-scale irrigation systems does not require investment nor
complex infrastructures. They can be constructed and developed quickly in the
same way as they can be either serviced and renovated or demolished, if they
are no longer required.

Agu (1994) found that the small scale irrigation have reduced impact on
land-use, ecosystems and minimized threat of dam failure whereas large scale
irrigation could cover valuable agricultural, forestry or mineral resources, special
habitats, scenic or scientific features and sites of historical, cultural or
archaeological sites. Large scale irrigation project can affect the local climate
and thereby altering the albedo of the area cropped. It can reduced the number
of species of soil micro flora, spread disease and transmits pollutants. Sanda et
al (1980) observed that, the vegetation which grew around the small-scale
irrigation will check erosion and aid in soil conservation practices in erosion
prone areas.

Small — scale irrigation will help to reclaim the less productive lands and
thereby boast food production in the state. There is clearly defined water right in
small-scale irrigation and improved agricultural services, improved water

harvesting techniques, minimum tillage etc. it will create employment in



disfavoured rural areas in the state, thereby mitigating one cause by urban
migration. Agu (1988) did the study on the sustainable use of Mini-dams in
adapting to climate variation noted that: the construction and use of mini or
micro-dams or barrages across small streams which normally flow through the
farmlands had come to symbolize social advancement and technological
process. He found out that, mini dams are very cost effective and more efficient
in their operations than mega dams as they neither require major investment
nor complex infrastructures.

The small-scale irrigation will enable the state to achieve self-sufficiency
in crop production and reduce vulnerability of the state economy. There is need
therefore to harness the state’s water resources and offset irregular rainfall
through small scale irrigation system as the most appropriate one to: Land
Tenure System in which land is fractionalized into small holdings. The building
of dam over the disputing boundaries and frontiers would reduce to the barest
minimum the bottleneck associated with land tenure system.

The small-scale irrigation will permit double cropping and increase yield
by ensuring supply of sufficient water during the growing season. It will serve as
a natural source of water for many homes.

Other positive impacts of the effects of small-scale irrigation as a
possible solution to some of the problems of agriculture in Enugu State
includes:

(@)  Enough moisture for all seasons farming



(b)  Recharge of water table makes sinking of productive wells and
borehole possible.

()  Reclamation of less productive lands

(d) Increased food production (quantity, quantity and variety).

(e)  Establishment of fish ponds

(f) Mixed and balanced diet ensured

(@) Increased in farmers income

(h)  Improved feeding habits which may lead to population increase

(i) Establishment of agro-based industries

() Development of rural infrastructure resulting from increased income

(k)  Employment opportunities and reduction in rural urban drift.

(1 Introduction of irrigation pumps

(m) Great need for education and increase in social and political
awareness. Improved knowledge and effective extension services to
disseminate knowledge, which can lead to better decision-making in
agricultural planning.

(n) Increased in government revenue.

1.3  Statement of Problem

Environmental constraints against sustained agricultural production is
becoming increasingly severe due, largely to less water (in the form of soil
moisture) being available from the most occurring natural source, precipitation
in Enugu State. This characteristics of water supply and demand has posed a
serious problem to the agricultural production in the area (Jackson, 1997).

There is need for scientific orientation of agriculture in which climate is




recognised as a major economic input in the production processes' with
emphasis on the precipitation effectiveness as the main source of available
water as a resource to be adequately managed in the area. This is with a view
to adopting strategies and plan logistics for adapting to change. Due to the lack
of sustainable agricultural extension services, crop production has been on the
decline while arable lands have not been fully exploited especially all year
round.

Decrease in rainfall amount as observed by Ojo (1987) has reduced the
production potentials of crops grown in Enugu State thereby affecting the
income of the farmers and others whose occupation are depend upon farming.
In the extreme, unemployment, starvation and ever death result, the state
economy cannot be sustained under such a condition without proper plaﬁning.
Plants do not depend on amount of rainfall received for growth, development
and high yield but on how much water that is available to them as soil moisture.
Adefolalu (1983) and Adebayo (1997) found that late onset, shorter length of
the growing season, uneven distribution of rainfall in time and space and a
southward shift in the main axis of maximum weather activity affect crop yield
potentials in Nigeria.

In adequate rainfall due to its seasonality and highly variable from year to
year, this account for low level of agricultural output in Enugu state. These
situations are explained in Tables 1.3-1.6. Intercomparison between estimated
hectare of major food crop production cultivated, estimated yield expected per
hectare, the actual yield realized per hactare and total rainfall amount received
for the period of 1991-2000 in Enugu State are illustrated. There are apparent

differences between the hactare crop production, estimated yield expected,



actual yield realized and annual total rainfall distribution patterns received in the
area during the same period. For instance, an estimated 5526.57hectare of land
was cultivated with the expected crop yield of 47438.679 metric tonnes per
hectare, only 214. 699 (4.5%) metric tonnes per hectare was actually realized
with the mean total rainfall amount of 16616.6 milimeters in the same period. Table

1.5 showed the crop yield in relation to the rainfall distribution in Table 1.6.
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Table 1.3 Enugu State Estimated Area Cultivated of Major Food Crop Production in Hectare (1991-2000) (‘000)

Crop 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Row
Total

Cassava 276.900  293.000 312.100 302.100 277.087 299.340 224505 225363  202.659 161.320 2574.374
Yam 150.800  175.900 184.400 297.100 273.970 294.700 221.025  227.351 209.016 126.103  2160.365
Maize 36.320 40.310 40.200 66.760 63.880 54.953 41.214 42.016 37.500 42.502 465.655
Rice 35.100 36.200 43.700 46.790 58.355 37.840 30.255 7.260 11.603 19.073 326.176
Column

Total 499.12 545.41 580.00 712.75 673.292 686.833 516.963  501.99 460.778 349.058  5526.57
Table 1.4 Estimated Yield Expected in (‘000) Tonnes Hectares (1991-2000)

Crop 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Row Total
Cassava 1797.912 1904.500 2072.344 2348.098 2572.476 3277.474 2522.314 2310.277 2188.515 2048.273 23042.183
Yam 880.823  1117.317  4069.520 2639.734 2639.734 2700.926 2127.145 2322.325 2240.861 2043.487 22781.874
Maize 39.589 64.496 68.983 86.988 99.525 104.136  74.226 90.842 69.638 84.154 782.577
Rice 66.339 68.201 98.981 129.808 163.394 109.599  87.588 20.482 33.103 54.550 832.045
Column

Total 2784.663 3154.514  6309.828 5204.628 5475.129 6192.135 4811.273 4743.926 4532.117 4230.464 474386.79
Table 1.5 Actual Yield in (‘000) Metric Tonnes (Hectare) (1991-2000)

Crop Year

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Row Total

Cassava 6.493 6.500 6.640 7.760 9.284 10.949 11.235 10.251 10.799 11.000 90.911
Yam 5.141 6.352 5.800 8.05 8.885 9.165 9.624 10.210 8.00 10.800 81.227
Maize 1.090 1.600 1.716 1.303 1.558 1.895 1.801 1.895 1.857 1.980 16.695
Rice 1.890 1.884 2.265 2.763 2.800 2.843 2.895 2.812 2.853 2.861 25.866
Total 14.614 16.336 16.421 19.876 22.527 24.852 25.555 25.168 23.509 26.641 214.699
Table 1.6 Annual Rainfall (mm) (1991 — 2000)

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Total
Annual

Rainfall 1994.8 1699.5 1713.5 1526 1691.7 1963.1 1824 1247.8 1393.9 1562.3 16616.6

Source: Enugu State Agricultural Development Projects (2003)
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The absolute lower crop yields support inadequate rainfall distribution. And
although absolute values of rainfall amount are higher, it showed that crops do
not depend on amount of rainfall received for its growth, development and high
yield but on how much water is available to them as soil moisture, when this
amount becomes available and the length in days/months during which the soill
is able to retain enough moisture required for enhanced yield. The evidence of
this is also manifested by the trends in the thermal characteristics particularly
temperature and pattern of occurrance and spatial distribution of moisture
meteorological indices particularly rainfall in the area. Enugu State suffer from
seasonal and inter annual climatic variabilities and there have been droughts
and effective desertification processes.

Bello (1999) observed that the periodic stresses of extreme and
persistent nature during drought has potential impacts on the quality of the
components of the terrestrial ecosystems. He noted that, the current climate
models identified the indices of climate change to include a change in any or
combination of change among others: direct onset and cessation of the rains,
rainfall seasonality and reliability, duration of the growing season and annual
precipitation rates and shift in rainfall belts in Nigeria. Agu(1988) observed that
increase temperature results in higher evaporation and reduce the effectiveness
of any increase in precipitation thereby causing lower crop yields (Table 1.5).

Generally, the rain come in the form of intensive, violent showers of .short

duration, especially at the beginning (March/April) and end October/November
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of the rainy season. While rain may fall continuously for two, three or more
hours, it is observed that most of it comes during the first minutes or so of the
period. The overall effects of the fluctuating rainfall is that crops tend to wilt and
sometimes the eventually die (due to very high temperature and evaporation).

In some years, farmers are forced to plant twice or more due to failﬁre of
seeds sowed during unsteady onset dates of rains. This often leads to
increased overhead costs as more mandays and resources are spent in a
single growing season (Gisilanbe, 1994b). Also, at time the crops never grow to
maturity before the rain ceases, this resulting in total or near total loss or crop
failure, especially annual crops in Enugu state (documented yield and annual
rainfall for 1991-2000) that are adversely affected and summarized in Table 1.5
and 1.6.

There have been major transformation in agricultural practices due to
decrease in rainfall and increase in temperature which lead to a considerable
change in the chemical composition and organic matter content of the soil. This
is due to increase in the climate variabilities which lead to frequent changes in
agroclimatic. Variabilities and increased variability in (Tables 1.5 - 1.6).
Inadequate rainfall and unrealiable pattern of distribution especially with regard
to onset and retreat are important features of drought and its impacts on
agricultural production in the area. Agricultural system is therefore affected
through the impacts on crop calendar and lengths of growing season.

The main constraints to crop production, to meet the required aggregate

food and fibre needs in Enugu State have been identified by the state Ministry
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of Agriculture and Rural Development (1999) to include: soil constraints, bests
and disease, population pressure on land, environmental degradation and its
elements such as flooding, soil erosion, drought, pollution, desertification and
strong winds. The extent of soil erosion and flooding constitutes a serious threat
to the environment, agricultural activities (which involves food production) and
quality of life in the state. The combined effects of floods and strong wind often
result in massive destruction of maturing crops especially cereals like maize
(zea mays), millet (penniseta typoid) and sorghum (sorghum bicolor). These
cereals are ready victim of strong winds, which often break their stems.
Legumes such as groundnut and beans are easily destroyed due to water
logging as a result of floods. These constituted one of the major causes of low
agricultural production and threatening famine and food shortages as well as
the escalating food prices. Resource availability problems have to do with
planting material and breeding stock, agricultural credits, funding, labour supply
and agro-chemical inputs. Poor management of crops and soil, which tends to
limit output even when more land is brought under cultivation, causes yield
problems.

Other problems includes marketing, storage and processing facilities,
research and extension constraints, land tenure problem, and poor response by
the farmers to economic incentives and innovations. Most of these problems of
course, derive from the fact that an overwhelming proportion of crop production
in the state is in the hands of peasant farmers operating within the framework of

traditional system of agriculture. The systems of land tenure constitute serious
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limitations to land utilization and consequent modernization of traditional
agriculture.

Irrespective of the impact of environmental constraints to agricultural
production in the area, the people are coping and are all the while trying to
ameliorate the hazards facing them and their agricultural activity. Taking these
into consideration, the key questions that are posed within the framework of this
study are; to what extent is the change in climate affect or cause a decline in
agricultural production? Which are Economic, cash crops and which are for
subsistence? What are the crops of socio-economic values that are affected by
the change in climate? To what extent has climate change influenced yield?
Can the farmers modify their agricultural practices in other to cope with the
change in climate and thereby increasing their productivities? To what extent
are the corrective measures already employed are effective. Tables 1.5 and
1.6 were correlated with each other to determine the degree of relationship
between rainfall and the crop yield. The results showed that rainfall has a high
positive correlation value of 0.87 with the crop yield (Appendix 2). From the
results, the variations in the yield of crops is directly related to rainfall
distribution in Enugu State. It implies that crop depend on rainfall and therefore
more work is required in order to achieve self sufficiency in crop production and
reduce vulnerability in Enugu State economy.

1.4 Aim and Objectives
The main aim of this study will be to assess the impact of climate change

to the variations in crop yields. This is with view to determining the water needs
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by crops in Enugu State given the environmental conditions. Since the major
thrust of this research is on the application of agroclimatology to small scale
irrigation in Enugu State, then the research will have the following objectives:

(i) Quantify precipitation characteristics in relation to agriculture.

(i) Identify the crops of socio-economic values in the Enugu State
and examine those that are now threatened by variations in
climate.

(iii)  Assess water supply for agriculture in relation to irrigation
development in Enugu State.

(iv) Attempt a model of achieving moisture requirements for optimum
crop growth and development when rainfall low or less than
required.

1.5 Justification of Study:

Agriculture dominates the economy of Enugu State. It provides
employment for over 60 percent of its rural population involved in farming at a
small scale or subsistence level. The output collectively is significant making
the state one of the major basket for food production in the country. Food in the
form of plant and animal products is one of the first necessities of life. Many of
the manufacturing industries make use of agricultural products as the raw
materials from which finished products are made. The selling of agricultural
products provide income to the farmers.

Climate is one of the primary controls of food production Hogg (1964).

Even this age of advanced technology the food supply is largely at the mercy of
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weather and climate. This vulnerability is quite evident in the study area as it is
worst hit by a series of weather extremes. The rainfall scenario is characterized
by a mixture of good and bad seasons. Some years had adequate rainfall in
terms of timing, intensity and duration. Others had delayed rains that are erratic
in nature, low intensity and lasted for short duration. Sometimes with some mid-
season droughts (dry spells) during the rainy season. Temperatures are always
high, soil moisture are quickly exhausted. The overall effects of this fluctuating
rainfalls is generally low level of agricultural output. Yet the rapidly increasing
population must be fed.

The only practical alternative is to learn to live with this climatic change
and be prepared to modify our agricultural practices accordingly. In fact with the
shift in climate, the people in the state find it necessary to adapt to this
changing not only on their agricultural practices, but also their attitudes towards
food storage and reserves. |

Buckkey R.B. in a classic work on irrigation in India, wrote in 1919, “the
beneficial results which both the security and increase of out-turn (i.e. crops)
confer on the people are incomparably more valuable than the large revenue
derived by the state. For instance, bringing in an additional 6 million hectares
into irrigated agriculture could increase cereals and grains production by 25 to
30 million metric tons annually (World Bank Technical Paper No. 331 on African
Technical Department Series). Therefore, the use of water in agriculture should
become more efficient through proper pricing and conservation measures.

Increasing food supply in the country is closely linked to water utilization and
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access to water. Food security means not only availability but also stability and
access to food.

Israelsen (1950) stated that, “if the population of the world continues to
increase at the present rate, where is the food for these people to come from?
The men and women with knowledge of irrigation will be called upon to assist”.
It is the view of this study that faced with food scarcity as a result of increasing
population, the problems of climatic variations already witnessed in the state
and failure of the large-scale irrigation schemes, it is necessary to adopt
strategies and plan logistics for adopting to changes.

The study is expected to generate the resources that would enable the
state to benefit from the effect of climatic change through more efficient
management of available surface and underground water resources to meet up
with the food needs of the state teaming population. It is also expected to play a
significant role in improving and modernizing on Farm irrigation systems to
increase water use efficiency and crop production, not only in the study érea,
but throughout the country thereby ensuring security of harvest.

The study is expected to address the problem of water deficiencies
caused by inadequate rainfall which is, in fact, the major hydrometeorogical
factor that poses threats to agricultural activities in Enugu state. Similarly, areas
under water supply these same methods will help to alleviate the drainage
problems caused by excess water as the method will help to prevent nutrients
from being washed down into the sub-soil. The findings will help for better

understanding of yield and water relationship.
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Lastly, the study will contribute to academic knowledge and so, it is
justified to embark upon.

1.6 Scope and Limitation of the Study:

This study covers the entire Enugu State of Nigeria in relation to the
application of agroclimatology to small scale irrigation in the area. The state is
situated in the transitional belt zones of Nigeria between the humid steamy
equatorial region to the south and the guinea savanna belt in the North
(Ofomata, 1972). It lies within latitudes 06°30°’ and 07°40’ East of the Greenwish
Meridian (Fig. 1.1). The state lies within the agricultural prolific zone in Nigeria.

Data on agroclimatic elements as well as the oral interview data during
the field survey were used for detail analysis. The data on agroclimatic
elements were obtained from the 17 agricultural stations covéring a total of
three hundred and eighty two (382) station years.

One of the limitations of the study is the general low level of education of
the people interviewed. There were suspicion and fear on them who regarded
such an inquiry as a way of assessing their income earnings with a view to
raising their taxes.

Another limitation is the scope in terms of area coverage. The
agroclimatic data were collected from locations and may be if they were to be
collected over a wider area a different picture would have emerged. Other
limitations includes, the contemporary patterns of crop production among
subsistence cultivators in the data acquisition, low level of technology, finance,
this research cannot cover all the weather hazards that affect agricultural
planning in the state. Inspite of these limitations, the study will provide insight

for agricultural planning.
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1.7  The Study Area
1.7.1 Location

The Study area of this work is Enugu State with an estimated population
of 2.7 million people. It occupies an area of 12.791 square kilometers, which is
about 1.39 percent of the total landmass of Nigeria (Fig 1.0). It lies within
latitude06°00’ and 7°05’ North of the Equator and between longitude 06°30” and
07°40” East of Greenwish meridian. The state shares common boundaries with
Abia and Imo States in the South, Benue and Kogi States in the North, Ebonyi
and Anambra States in the East and West respectively (Fig 1.1).
1.7.2 Geomorphology and Geology:

Three main topographic Units can be recognized in the state. These are
plateau, the escarpment and the plains Nwachukwu (1976). These rocks are
grouped into six formations: Agwu shale, Enugu shale, Mama formation, Ajali

sandstone, Nsukka formation and Imo shale formation (Fig 1.2).

1.7.3 Relief and Drainage:

The state is situated on much of the highlands at Agwu. Udi and Nsukka
hills and the rolling lawlands of the Ebonyi River basins to the East and Oji
River Basin to the West. This gives an outline of the lithology, structure and
topography of the area. The area has a high central zone which lies generally
‘over 365 metres above the sea level, with isolated peaks reaching over 545

metres. The highest point known in the area lies at 590 metres above sea level.
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The drainage system of the state has been divided into two major. sub-
catchment basins of the Ebonyi in the East and Oji River in the West. The
surface 