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Chapter 1: Introduction 

1.1 Irrigation – History, Definition and Necessity 

· Water is the most precious and vital resource of humanity

· Our survival entirely depends on the availability of water at the surrounding

· Where dose water originally come from?

· Recent studies indicated it evolved from the inner surface of Mother Earth

· We are made of cells constituting 80% of water
· Therefore our existence is real through the availability of this incredible molecule of water connecting us to the surrounding we live
· We live in the world of growing population, every nation strives to feed its people

· Hence the largest proportion of available water is used for irrigation so as to satisfy the existing demand for food production

· Since mankind domesticated crops to feed himself he normally gets water under natural process, either through direct rain or subsided floods

· But his harvest is dependent upon the mercy of nature

· there  may be heavy rainfall resulting floods attributed to serious damage on crops, or

· there  may not be rains at all creating scarcity and drought

· Thousands years ago, to tackle this challenge man discovered various methods to store and harness water for irrigation purpose

· Historically ancient civilization flourished alongside the development of irrigation system

· Irrigation began at around 6000BC in Egypt and Mesopotamia (present day Iraq and Iran) using the water of the flooding Nile or Tigris/Euphrates rivers.

·  The flood waters were diverted to fields for 40 to 60 days. It was then drained back into the river at the right moment in the growing cycle. 

· The first major irrigation project was created during Egypt’s First Dynasty.  They built dams and canals to use the diverted flood waters of the Nile into a new lake.

· The Pharaohs became powerful boosting their harvest using Nile for irrigation, 

· The monument Giza’s Pyramids are footprints of the Nile

Definition of Irrigation

· As human beings do plants require water and air for their survival,  different types of plants require different quantities of water during different times

· Irrigation can be defined as the science of artificial application of water to the land in accordance with the crop requirements throughout the crop growth period for the full-fledged nourishment of the crops.
· Irrigation Engineering refers to the science and technology of planning and designing a water supply system for agricultural land to protect the crops from bad effect of unreliable or low rainfall.

· Irrigation Engineering embraces the bio-system, hydrology and physical structures. It includes the design and construction of weir, dams, canal system for regular supply of water.
Necessity or need of Irrigation

· The following factors governs the necessity of irrigation

· Insufficient rainfall:- when the seasonal rainfall is less than the minimum requirement of crops for satisfactory growth

· Uneven distribution of distribution:- when the seasonal rainfall is not evenly distributed during the crop period or across the cultivable area

· Improvement of perennial crops:- crops like sugarcane, cotton and tree fruits which their crop period is more than one year require water throughout major part of a year beyond the rainy season

· Development of agriculture in desert areas:- In desert areas where rain is very limited irrigation is required for agricultural production

1.2 Advantages and Disadvantages of Irrigation

Advantages /Benefits/ of Irrigation

· Sustaining food security – avoiding the recurrent of drought and famine

· Enable cultivation of cash crops – having economic advantage 

· Improve production and productivity of a land – irrigation assures growing two or more crops twice a year

· Feasible for land consolidation, cooperatives and mechanized farming

· Suitable for multi-purpose integration of development projects- (such as hydro-electric generation, flood control, water supply, fishery, access road and communication)

Disadvantages /side-effects/ of Irrigation

· Alkalinity problem and suffocation of crops – excessive seepage and leakage  from the bed and banks of the irrigation canals could result in raised water table and the formation of salinity

· Health hazard – it could be source of malaria and cold 

· High initial investment
· However, now a time climate change is eminent the development of  irrigation is not questionable at any cost.
1.3 Types of Irrigation 

· Irrigation can broadly classified as

1. Surface irrigation – water is applied over the ground to wet the top surface of soil

> water is usually supplied to main land from higher sources through gravitational force (gravity irrigation)

> water is lifted up by mechanical or manual means from  lower sources (pump irrigation)

2.  Sub-surface irrigation – water is applied below the soil surface to nourish the root zone through capillary action

> laying an artificial openings 

> collecting water in the ditch to percolate

Under common practices, irrigation systems can be classified as Lift  irrigation and Flow irrigation.
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Lift Irrigation

[image: image2.png]When water is lifted from surface sources or underground sources by man or
animal power, mechanical o electrical power and directly supplicd to the agri-
cultural land, then it is known as lif irrigation. In this method isolated small
areas can be irrigated. The vast areas cannot be included in this system.
irrigation can be divided into two groups:

(a) Lifting of water by man or animal power.

(b) Lifting of water by mechanical or electrical power.





[image: image3.png]Advantages of Lift Imigation
‘The following are the advantages of ift rrigation
(i) The farmers can supply water to their fields according to the requirement,
and hence there is no possibility of over irigation.
(i) The water table is lowered when water is lifted from the wells thereby
reducing chances of water logging in the arca.
(iii) As water is supplied direetly to the fields. there is no water loss due o
conveyance.
(iv) Initial cost is low as there is no necessity of constructing hydraulic
structures.
(v) Asthe loss of water is low, the duty of water is high
(vi) The maintenance cost s low.
(vii) More than one crop can be grown i a year on the same land.
(viii) Loss of valuable land is prevented as there is no necessity of constructing
the network of canals.
(ix) The water of the well is cooler in hot season and warmer in cold season.
This phenomenon is favourable for the crops.





[image: image4.png]Disagvantages of Lift Imigation
‘The following are the disadvantages of lift irrigation
(i) In summer the surface water may be dried up and the water table may go
down below the suction head. Henee, the lift irrigation from the surface
source and from the shallow tube well may fail in summer.
i) If the lifting mechanism (i.c. pump) fails due to mechanical or electrical
failure, then water cannot be supplied until the mechanism is restored.



[image: image5.png](iii) The well water has no silt content. The yield of crop therefore depends on
chemical fertliser, which is costly.

(iv) The lift irrigation in consideration with the yield of crop is not cost
effective.





Flow irrigation

[image: image6.png]When water flows under gravitational pull through the artificial canal towards
the agricultural land, it is termed as flow irrigation. In this system, the head of
the canal should always be at higher elevation than the land to be irrigated. The
following are the different systems of flow irrigation.





[image: image7.png]1. Inundation Irrigation System

In this system, a canal is excavated from the bank of the inundation river (i.e. the
river which overflows i rainy season but nearly dried up in summer and winter)
[Fig. 11 @).

In this case water flows to the agricultural land in rainy season only. There is
no regulator at the head of the canal to control the flow of water. The bed level of
the canal is fixed at such level that the water can flow through the canal only
‘when the water level of the river rises above the canal bed [Fig. 1.1(b)].





Under inundation irrigation system the soil is kept submerged by thoroughly flooding so as to cause thorough saturation of land and hence it also named as flood irrigation.

[image: image8.png]So, this system of irmigation depends completely on the water level of the niver.
Asthere is no regulator at the head of the canal, over irrigation s possible result-
ing in damaging the crops.
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Fig. 1.1 Inundation canal




[image: image9.png]2. Perennial System of Inigation
In this system, a weir or a barrage is constructed across the perennial river (i.c..
the river which flows throughout the year in it full capacity) o raise the water
level on the up stream side or a dam is constructed o form a storage reservoir.




[image: image10.png]‘Then main canal is constructed on cither or both the banks of the river. Regulator
is constructed at the head of the canal to control the flow of water through the
canal towards the agricultural land. This system is reliable as water is available
throughout the year. The perennial system of irrigation may be of the following
types:




[image: image11.png](a) Direct Irrigation System In this system, a weir is generally constructed
across a perennial river (0 raise the water level on the up stream side up to a
cortain limit, so that the water can flow through the canal. Here, the water level
on the up stream side will remain at a constant height and the excess water flows
over the weir. Sometimes, a barrage is constructed, in place of weir, to regulate
the water level on the upstream side. The hydraulic structure which is constructed
in direct irrigation system is known as Diversion Head Works (Fig. 1.2).




[image: image12.png](b) Storage Irrigation System  In this system a dam is constructed across a
river valley to form a storage reservoir (Fig. 1.3). The main canals may be taken
from both sides of the dam. The flow of water through the canal is controlled by
head regulator. This storage reservoir is also known as multipurnose reservoir as
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Fig. 1.2 Diversion head works

Fig. 1.3 Storage reservolr




The difference between weir, barrage and dam
[image: image14.png]Weir An impervious barrier which is constructed across a river o raise the
‘water level on the up stream side is known as weir. Here the water level is raised
up 1o the required height and the sur- s side
plus water is allowed to flow over the =
weir. Generally it constructed across
ainundation river (Fig. 1.4).

Barrage  When adjustable gates are
installed over a weir to maintain the Fig. 14 Wer





[image: image15.png]water surface at different levels at different times, then it is known as barrage.
‘The water level is adjusted by operating the adjustable gates or shutters. The
gates are placed at different tiers and these are operated by cables from the cabii

‘The gates are supported on the piers at both ends. The distance between pier to

pier is know as Bay (Fig. 1.5).




[image: image16.png]Dam  The high impervious barrier constructed across a river valley to form a
deep storage reservoir is known as dam. The surplus water is not allowed to flow
over the dam, but it flows through the spillways provided at some designed level
1.6).
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1.3 Methods of Distribution of Irrigation Water
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1.4 Irrigation Development Status in Ethiopia
· Ethiopia covers an area of 1.13 million km2, of which 99.3 percent is a land area and the remaining 0.7 percent is covered with water bodies of lakes.
· It has an arable land area of 10.01 percent and permanent crops covered 0.65 percent.
· Though agriculture is the dominant sector, most of Ethiopia’s cultivated land is under rain-fed agriculture cultivating small fragmented land.

· Due to lack of water storage and large spatial and temporal variations in rainfall, there is not enough water for most farmers to produce more than one crop per year 

· Hence there are frequent crop failures due to dry spells and droughts especially in arid and semi-arid areas. 
· The country has 12 river basins. The total mean annual flow from all the 12 river basins is estimated to be 122 BMC (Billion Metric Cube)

· As compared to surface water resources, Ethiopia has lower ground water potential estimated to be about 2.6-13.2 BMC, 50% could be extractable

· Estimates of the irrigated area presently vary, but range between 150,000 and 250,000 hectares, less than five percent of potentially irrigable land

· The irrigation area coverage distribution of 38 percent traditional, 20 percent modern communal, 4 percent modern private and 38 percent public schemes

· Relatively, the most utilized river basin and the only river entirely in the country, is Awash river basin.

Map of River Basins of Ethiopia
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