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Chapter 12 

Surface Irrigation Methods 

Muhammad Akhlaq and Muhammad Ashraf* 

Abstract 

Plant growth depends upon the adequate water supply in the plant root zone. When 
rainfall is insufficient to meet water requirement of a plant, water must be supplied 
to the plant to sustain its life. Therefore, irrigation is the artificial supply of water to 
crops. In surface irrigation methods, supply of water takes place through open 
channels under gravity. These may be categorized into basin, border, furrow-ridge, 
furrow - bed and surge irrigation. Soil characteristics, field geometry, water 
availability, cropping pattern and climatic conditions are the important factors for the 
selection of a suitable surface irrigation method. Appropriate selection of irrigation 
method is an integral part of irrigation scheduling. Application efficiency, 
conveyance efficiency, irrigation efficiency, water use efficiency, storage or 
requirement efficiency, distribution uniformity, irrigation time, and advance rate are 
the criteria to evaluate the performance of surface irrigation method for any field and 
crop. Atomization may be used to improve the performance and control over the 
irrigation water application. This chapter on irrigation methods presents basic 
concepts, irrigation application techniques, flow characteristics and advantages along 
with the efficiencies to facilitate performance assessment of a given system.  
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Learning Objectives 

• Most of the crop water needs in Pakistan are met through canal and 
groundwater, using surface irrigation methods such as basin, border furrow 
and bed and furrow. Therefore, understanding of the on-farm irrigation 
techniques is very important for the irrigators. 

• The available water resources for irrigation are scarce, which 
unconditionally require that those should be utilized efficiently by 
minimizing water losses. Understanding of irrigation methods, allow the 
farmer to utilize the most efficient one under the existing conditions of soil, 
crop, financial resources and technological advancements for maximizing 
benefits. 

• Use of mechanized farming and productivity enhancement are well 
connected with the right selection of the irrigation system. Therefore, the 
mechanization of agricultural farms and precision farming can be achieved 
by coordinated use of advanced machinery and selected irrigation systems. 

• This chapter will help the students and the farm manager for the selection 
and design of proper irrigation methods. 

12.1 Introduction 

An irrigation system consists of source of water (an intake structure or pumping 
station), a conveyance system, a distribution system, a field application system and 
a drainage system as shown in Fig. 12.1 (FAO, 1998). 

 

Fig. 12.1 ASchematic Diagram of Irrigation System 
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Fig. 12.2 Types of Surface Irrigation Systems 

Different systems are used to supply water to crop. Each one has specific advantages 
and disadvantages, which should be considered when selecting the irrigation system 
under the given circumstances such as climate, soil and crop characteristics and 
availability of water. Appropriate selection of irrigation method is an integral part of 
irrigation scheduling. In surface irrigation system, water is applied by gravity across 
the soil surface by flooding or small channels. 

There are two main sources of water supply, surface and ground water. Water is 
supplied from a canal, a pond or a reservoir, or pumped from groundwater and 
supplied to the field. Some control structures are used to measure and regulate the 
water supply. Fig. 12.2 (FAO, 1998) shows a schematic diagram of a typical surface 
irrigation system. Surface irrigation is categorized into several systems, namely, 
basin irrigation, border irrigation, furrow-ridge irrigation, and bed- furrow irrigation. 

It is essential to supply adequate water for plant growth. When rainfall does not fulfill 
the requirement of crop, water is applied to fulfill the requirement of crop through 
artificial methods, known as Irrigation. There are two main problems associated with 
over and under irrigation: If the field is over irrigated, the excess water will be lost 
as deep percolation. It is not only the loss of water but also results in leaching of the 
precious nutrients and may also lead to water logging and salinity. If the field is under 
irrigated, the crop will be under water-stress condition. Both the conditions are not 
feasible for optimal plant growth. Therefore, proper irrigation is very important to 
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enhance the production of the crop. As rainfall in Pakistan is small as compared to 
the crop water requirements of the major crops, therefore irrigation is essential for 
plant growth. 

12.2 Historical Developments of Irrigation 

Ancient Egyptians, before 1800 BC, used the water of the natural lake of Faiyum 
Oasis as a reservoir to store water for the drier season as shown in Fig. 12.3 (Richard 
et al., 2008). Basins, bordered by dykes were used to apply water to the fields. 
Ancient Nubians designed water wheel (sakia) for flood irrigation system between 
the third and second millennium BC. Firstly, artificial reservoirs were designed by 
the Sinhalese to store water. Due to their innovation and engineering superiority, they 
were called 'masters of irrigation'. The Chinese used the Chinese pump which lifted 
the water to higher elevation during second century AD. The Chinese pump was run 
by manual foot pedal, hydraulic waterwheels or rotating mechanical wheels driven 
by oxen as shown in Fig. 12.4 (Richard et al., 2008). Terraces were introduced by 
irrigation experts of China and America. Irrigation canal system was introduced in 
the Zana Valley of the Andes Mountains in Peru from the fourth millennium BC. 

 

Fig. 12.3 Atypical Natural Lake 
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Fig. 12.4 A Model of Chinese Pump 

The Indus Valley has been the host to one of the most ancient civilization of human 
history. People were settled within the “Doab” (the area between the two rivers) of 
different river of sub-continent. Population grew all around these regions. Water was 
insufficient to grow the crops. To reduce the occurrence of low irrigation water 
supply the British authorities, towards the middle of the 17th century, started 
modernizing and expanding the irrigation system of the Indus Basin. Different dams 
and canals were constructed in this valley. 

12.3 Basic Terminologies 

12.3.1 Infiltration Rate 

The rate at which water is absorbed by soil is called infiltration rate. It is measured 
in inches per hours or millimeter per hour. 

It can be measured by two empirical relations. 

• Horton's equation 

• Kostiakov equation. 

The Horton's equation is written as: 

²� =  ²³ +  (²% − ²³)´Yµ�   (12.1) 

Where: 
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²�  is the infiltration rate at time t 

²% is the initial infiltration rate or maximum infiltration rate 

²³is the constant or equilibrium infiltration rate after the soil has been saturated or 
minimum infiltration rate 

k is the decay constant specific to the soil 

t is the time taken by water to infiltrate 

The equation of Kostiakov can be expressed by equation 12.2. 

²� = ¶·�  (¸Y�)     (12.2) 

²�is the infiltration rate at time t 

a and k are the constants 

t is the time taken by water to infiltrate 

The infiltration can be measured by single or double ring infiltrometers. 

12.3.2 Moisture Content 

Amount of water present in the soil is called moisture content in the soil. It can be 
measured either on volume basis (volumetric water content) or on weight basis, 

The mathematical form of volumetric water content is given in equation 12.3. 

¹ =  hº
h»

   (12.3) 

Where: 

¹ is the volumetric water content (cm3 of water/cm3 of soil) 

¼  is the volume of water present in the soil 

¼½ is the total volume of the soil (soil volume + water volume + air space) 

The moisture content on weight basis can be determined by gravimetric method. 
Equation 12.4 can be used to determine moisture content on weight basis. 

∅ =  ¿º
¿»

     (12.4) 

Where: 

φ is the gravimetric water content 

Mw is the mass of water 

MT is the bulk mass of soil 
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12.3.3 Saturation 

That condition of soil at which all pores of the soil filled with water is called 
saturation condition. At that condition, the moisture content in the soil is hundred 
percent. 

12.3.4 Bulk Density 

It is the ratio of soil dry weight of soil to the total volume of the soil. Where volume 
of soil is the volume of soil particle and pores. It is the indicator of the soil 
compactness. 

The bulk density of the rocks is 2.63 g/cm3 that is ideal condition whereas he medium 
texture soil has bulk density 1.33 g/cm3. 

12.3.5 Percolation 

The amount of water that flows from the root zone toward groundwater and become 
a part of ground water is called percolation. 

12.3.6 Field Capacity (FC) 

The volumetric water content of a soil after rapid gravity drainage has ceased. It 
usually occurs about two days after the soil profile has been thoroughly wetted by 
precipitation or irrigation. For most the soils, it pertains to -0.33 bars (33 cm) water 
potential 

12.3.7 Permanent Wilting Point (PWP) 

The soil-water content at which plants wilt and fail to recover is called the permanent 
wilting point. For most soils, it corresponds to–15 bars water potential. 

12.3.8 Available Water 

All the water in the soil is not available to plant. The water content between the field 
capacity and the permanent wilting point is called the available water. 

12.4 Phases of Surface Irrigation Process 

There are three phases in the surface irrigation process, as illustrated in Fig. 12.2 
(FAO, 1998). 

• Advance phase 

• Wetting or Ponding phase 

• Recession phase 



258 M. Akhlaq and M. Ashraf 

12.4.1 Advance Phase 

It is the process of the leading edge of water moving across the field either in channel 
or as overland flow. Advance phase lies between when water is applied to field to 
the end point of the field as shown in Fig. 12.5 (FAO, 1998). 

 

Fig. 12.5 Phases of Surface Irrigation Process  

12.4.2 Wetting phase 

Wetting phase lies between the water reached to the end point to the shutoff or cutoff 
time (that time when water is stopped to supply to field). Wetting or ponding phase 
does not exist until and unless water is advanced to the end corner of the field as 
shown in Fig. 12.5 (FAO, 1998). Cutoff Time is the time when water is stopped to 
supply in the field. 

12.4.3 Recessing phase 

After the inflow is stopped, water disappears from the surface of the field by drainage 
or through infiltration. This is called recession phase. These processes are simulated 
in all numerical models of surface irrigation methods. 

I2.5 Selection of Surface Irrigation Systems 

Selection of irrigation method depends upon climate, characteristics of soil type of 
crop and stream size. Basin irrigation is used on many different soils. Sandy soils 
required smaller basins as compared to the clayed soils. Border irrigation is adapted 
to most soils where depth and topography permit the requirement land leveling at a 
reasonable cost and without permanent reduction in soil production. Furrow 
irrigation can be used to irrigate all crops planted in rows, including orchard and 
vegetables. This method is suitable for irrigation wheat, cotton, maize, sorghum, 
sugarcane, tobacco, groundnut, potato and other vegetables. Irrigation system may 
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be selected for crops to be irrigated. For example, if rice is the major crop, selection 
of basin irrigation method may be more appropriate. However, now rice is also being 
planted on beds to save water. For row crops furrow or bed-furrow irrigation system 
may be more appropriate. 

I2.5.1 Inlet Discharge Control Practices 

Uniformity and efficiency depend upon the relationship of inflow rate and time of 
cutoff. If inflow per unit width is too small, the water will move along the slope very 
slowly over the field cause low efficiency and poor uniformity. Large differences in 
the intake opportunity time to infiltrate the water in the soil will affect the uniformity. 

Flow rate for first irrigation of the season through surface irrigation method should 
be two or three times more than the discharge required for subsequent irrigation to 
attain the acceptable uniformity. Inlet flow should be higher because of higher 
infiltration rate during first irrigation of season. Flow rate can be controlled according 
to crop requirement and soil capacity. Thus, adjustment of the inlet flow is required 
to get maximum efficiency in surface irrigation method. 

I2.5.2 Changing the Field Geometry and Topography 

Field geometry depends upon the soil texture and structure. As soil changes from 
clay loam and clay to sandy loam and silt loam, the length of the field may be 
increased to get maximum efficiency of surface irrigation system. Partition of field 
into parts is an effective way to get maximum efficiency and uniformity. 

Slope changes may be avoided for good design of surface irrigation method unless 
another surface irrigation method is adapted. The range of slopes from 0 to 0.5% is 
suitable for surface irrigation system. Efficiency of surface irrigation system can be 
improved by precision land leveling of the fields. It is an integral part of best water 
management practices. 

I2.5.3 Tail water Recovery Reuse 

In order to supply water over the surface of field rapidly to attain maximum system 
efficiency and application uniformity, the inlet flow should be larger than the soil 
cumulative intake along the flow direction. Consequently, there is enough amount of 
water at the end of the field, this tail water can be captured and reused by dikes. Tail 
water creates problem in different cases like soil erosion for sandy soil and abundant 
water supply, water logging for heavy soil and salinity. These all problems can be 
rectified by tail water recovery and reuse it through pumping. 

I2.5.4 Automation and Equipment 

The main disadvantage of surface irrigation method is labor requirement. 
Automation helps the irrigator to regulate the water supply, proper unit flow and 
cutoff time that is critical parameters in surface irrigation system. 
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The automation system for basin and border is required single gate off takes, siphons, 
simple check valve and ditch gates to operate the system. Mechanized and controlled 
system for every outlet is installed to get uniformity and application efficiency. 

Water is applied to the furrow system with the same facilities used in border and 
basin irrigation system. Ditch gates and siphon tubes are used to supply water in the 
furrow. In some cases, gated pipes are used for furrow irrigation system. There are 
two types of gates, one is rigid and other is flexible. Rigid gate is found in form of 
aluminum and PVC. Flexible gate consists of polypipe. 

12.6 Types of Surface Irrigation Systems 

There are five types of surface irrigation system. The detail of each system and their 
suitability for different crop and climate is given below. 

12.6.1 Basin Irrigation System 

In basin irrigation system, the water is applied to the leveled land that is bounded by 
dikes to stop the runoff. The concept of basin irrigation system is illustrated in Fig. 
12.6 (FAO, 1998). The detailed description of the Basin Irrigation System is given 
below: 

 

Fig. 12.6 An Unleveled Basin with Standing Water in the Field 

12.6.1.1 Characteristics 

Generally, square field is recommended for the basin irrigation system rather than 
rectangular field. The shape of field depends upon the stream size and soil 
characteristic. Advance phase of the basin irrigation system should be minimized as 
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much as possible. In this irrigation system, water is applied to the field less frequently 
then the border and furrow irrigation system with large depth. Medium and heavy 
(clay) soil is recommended for basin irrigation system. Clay soil has less infiltration 
rate and large water holding capacity. If basin irrigation system is adopted for light 
soils, the water is percolated from root-zone depth, resulting into water and nutrient 
losses. 

Efficiency and uniformity of the Basin Irrigation System largely depend on the 
relationship of water inflow and soil intake. High inflow in case of light soil and low 
inflow in case of heavy is required to get the more uniformity and efficiency of the 
basin irrigation system. With proper design and management, application efficiency 
exceeding 90% can be achieved for basin irrigation. However, inadequate inflow rate 
and unleveled basin can reduce distribution uniformity and application efficiency 
significantly. 

In other irrigation systems (Drip and Sprinkler Irrigation), efficiency of system 
depends upon less water application. But in basin irrigation system efficiency and 
uniformity depends upon the large depth of water. Duration of irrigation in basin 
irrigation system depends upon the intake rate, depth of water to be applied and 
efficiency of system. In this system, short duration of irrigation can be obtained by 
large discharge. 

Basin irrigation system is suitable for most field crops such as alfalfa, cotton, wheat, 
sugarcane, rice, maize, millet, pulses and oilseed. Basin irrigation system is not 
suitable for those crops which cannot stand in water logged condition for more than 
24 hours. Topography plays an important role in the basin irrigation system. If land 
is not level, lower parts of field receive more water and upper parts less water, 
resulting into over and under irrigation. With the help of laser land leveler, it is 
possible to level the land to achieve efficiency of the basin irrigation system. Table 
12.1 (FAO, 1998) shows the suggested maximum basin areas for different soil type 
and available stream sizes. 

Table 12.1 Maximum Basin Area for Different Soil Types and Stream Sizes 

Stream size 
(lps) 

Maximum Basin Area (m2) 
Soil type 

Sand Sandy loam Clay loam Clay 

5 35 100 200 350 
10 65 200 400 650 
15 100 300 600 1000 
30 200 600 1200 2000 
60 400 1200 2400 4000 
90 600 1800 3600 6000 

12.6.1.2 Methodology 

The field is divided into square units and bunds are constructed around these units. 
These square units are known as basin. Basins are filled to the desired depth and 
water is retained until it infiltrates into the root zone depth. 
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12.6.1.3 Advantages 

� Basin irrigation is used to leach down the salts 

� Easy to operate and manage because of smaller size of fields 

� High application efficiency and uniformity can be obtained by proper 
designing and operation 

� Relatively light application of water is possible 

12.6.1.4 Limitations 

� Ditches create problems in the movement of farm machinery 
� It is difficult to drain excess water on clay soil 
� Ditches and dikes reduce the cultivated causing reduction in production 

� Generally, hard pan of the soil crust is developed when water is applied. 
This condition creates problem for germination of seed. 

� Basin irrigation is time consuming method because it takes more time in 
different phases of irrigation process 

� Whenever, water ponds in the field for a large duration, the carbon dioxide 
exchanges with the atmosphere. This condition is called scaling. In scaling 
condition, the roots of the crop are disturbed and ultimately effect the crop 
production. However, rice can be grown in scaling condition to stop the 
weed germination 

� More water losses due to additional water course to supply water into basin 

12.6.2 Border Irrigation System 

Border irrigation system consists of longer strips of field with strip width of <30 
meters as illustrated in Fig. 12.7 (Guisepi, 2001). 

 

Fig. 12.7 Example of Border Irrigation System 
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In terraced system, border irrigation is used. Border can be constructed along the 
contours that system is called contour border irrigation system. This system is 
illustrated in Fig. 12.8 (Guisepi, 2001). The detailed description of the border 
irrigation system is given below: 

 

Fig. 12.8 Contour Irrigation System 

12.6.2.1 Characteristics 

The length and width of the border should be 800 m and 3-30 m, respectively. The 
dimensions of border irrigation system depend upon type of soil, slope of land, flow 
rate, cultural practices and farm size etc. The minimum slope of border should be 
0.05 % for adequate drainage and maximum slope should be 2%. Dimensions of 
border with respect to border slope, flow rate and soil type are given in Table 12.2 
(Guisepi, 2001). 

Table 12.2 Border Irrigation Geometry with respect to Slope, Flow Rate and Soil 
Type 

Soil type Border 
slope (%) 

Unit flow per meter 
width (l/sec) 

Border width 
(m) 

Border 
length (m) 

Sand 0.2-0.4 10-15 12-30 60-90 
Infiltration 
rate>25mm/h 

0.4-0.6 8-10 9-12 60-90 
0.6-1.0 5-8 6-9 75 

Loam 0.2-0.4 5-7 12-30 90-250 
Infiltration rate 
of 10-25 mm/h 

0.4-0.6 4-6 6-12 90-180 
0.6-1.0 2-4 6 90 

Clay 0.2-0.4 3-4 12-30 180-300 
Infiltration 
rate<10 mm/h 

0.4-0.6 2-3 6-12 90-180 
0.6-1.0 1-2 6 90 
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Clay-loam or loamy soils with homogeneous characteristics are recommended for 
border irrigation system. Because loamy and clay-loam soil have moderate 
infiltration rate and are for border irrigation system. Heavy soil is not preferred for 
border because time is required to infiltrate adequate water into the soil. Water is 
required in border 3 to 5 times greater than furrow flow per unit width and less than 
basin irrigation system. If furrow with spacing 2.5 ft is irrigated with a flow of 6 gpm 
/ft and border with the same soil is irrigated with a flow of 20 gpm /ft. 

Duration of irrigation depends upon the type of soil. In case of clay-loam soil, inflow 
is cut off when field is filled 60% with water. Stream flow is stopped when border of 
loamy soil is covered 70-80% with water. For sandy soil, flow should not be stopped 
until and unless entire field is filled with water. Border irrigation system is suitable 
for deeply rooted crops such as alfalfa or pasture. This is not recommended for 
shallow rooted crops such as vegetables. 

12.6.2.2 Methodology 

In border irrigation system, large strips of field are formed that are bounded by bunds 
to stop the runoff. Border may be level or graded at some slope. The slope in 
transverse direction is zero in both cases. The uniform gentle slope is kept in the 
direction of irrigation. The essential feature is to provide such a surface that water 
can flow down with uniform depth. In border irrigation system, each border is 
irrigated independently by sheet of water. 

12.6.2.3 Advantages 

� It is economical because dikes of border can be constructed with simple 
secondary implements 

� It is simple to operate 
� Adequate surface drainage can be provided at the downstream section if 

outlets are provided 
� Cultivated area can be saved due to reduction of water channel and 

permanent dikes 
� Water losses can be saved by reduction of water channels 
� It is suitable for mechanized farming 

12.6.2.4 Limitations 

� Large irrigation stream is required in border irrigation system because 
excessive long border take more time to accommodate field 

� Proper land leveling and uniform gentle slope are required in border 
irrigation system 

� Wastage of cultivated land due to small channels. However, that may be 
temporary 

12.6.3 Furrow Irrigation System 

Consecutive small strips of elevation and depression in the field are called furrow 
irrigation system. These strips of consecutive depression and elevation are also 
known furrow. 
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Fig. 12.9 Furrow Irrigation System 

This system of irrigation is illustrated in following Fig. 12.9 (FAO, 1998). The 
detailed description of the system is given below: 

12.6.3.1 Characteristics 

The slope of the field is important to select the length of the furrow. If the slop of 
field is steep the furrow could be longer and vice versa. The maximum slope of 
furrow should be 0.5% to avoid soil erosion and minimum slope should be 0.05% for 
effective drainage. If the land is steeper than 0.5% slope, the furrow should be 
designed at an angle from the slope or along the contours. Furrows along the contours 
are known as contour furrow. Fig. 12.10 (FAO, 1998) shows the contour furrow. The 
slope of the furrow should be along the flow of water as well as lateral. 

 

Fig. 12.10 Furrowsalong Contours  

Furrow irrigation can be applied on all types of soils. Water moves with high velocity 
due to small size of channels. In case of sandy soil, channels of the furrow should be 
small to supply water at end point. In this way, water losses due to infiltrated can be 
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minimized. On the other hand, channels should be broad in case of clay soil. Furrows 
are much longer in the clay soil than the sandy soil. The furrow length can be selected 
with respect to slop and soil type and stream flow as shown Table 12.3 (FAO, 1998). 

Saline water is not recommended for the furrow irrigation system because salts 
cumulate in the furrows that create problem for the germination of the seeds. The 
flow up to 0.5 L/sec will be applied to the short furrow in the length. The stream flow 
should be adjusted to avoid the erosion of the soil. It is suggested to use stream sizes 
less than 3.0 L/sec. 

Table 12.3 Selection of Furrow Length based on Slope, Soil Type and Flow Rate 

Furrow slope 
(%) 

Maximum stream 
size per furrow 

(lps) 

Clay Loam Sand 

Net irrigation depth (mm) 

50 75 50 75 50 75 

0.0 3.0 100 150 60 90 30 45 
0.1 3.0 120 170 90 125 45 60 
0.2 2.5 130 180 110 150 60 95 
0.3 2.0 150 200 130 170 75 110 
0.5 1.2 150 200 130 170 75 110 

Furrow irrigation system is suitable especially for row crops. It is recommended for 
those crops whose stem will damage due to water in initial stage of growing. Furrow 
irrigation is recommended for growing almost all types of crops (Fig. 12.11 - 12.13). 

12.6.3.2 Methodology 

In furrow irrigation system, consecutive strips of elevation and depression are formed 
by furrow planter. These consecutive strips elevation and depression are called ridge 
and furrow respectively. Furrow should be maintained regularly during irrigation. 
The uniform gentle slope is kept on both directions (transverse as well as on the 
direction of the irrigation). The slope and size should be adjusted with respect to 
crop, spacing between furrow and equipment used for farming. Water moves into the 
soil laterally and vertically to irrigate the area between furrows. 

12.6.3.3 Advantages 

� Earlier cultivation is possible 
� Cultivated can be saved due to less ditch in field 
�  In furrow irrigation system, minimum evaporation losses because water 

contacts only one half to one fifth of the land. 
� 30% water saving as compare to border and basin irrigation system 

12.6.3.4 Limitations 

� It is not suitable for all crops 
� In furrow irrigation system, cultural practices cannot be performed easily 
� It required continuous slope to supply 
� It is not suitable for sandy soil because of instability of ridge 
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Fig. 12.11 A Furrow-bed Planter for Wheat Crop 

12.6.4 Furrow Bed Irrigation System 

About 40-50% of irrigation water is wasted in the fields during its application due to 
conventional methods of irrigation such as flat basins or inappropriate size of the 
furrows resulting into loss of precious water, nutrients, energy with overall low water 
productivity. This precious irrigation water can be saved and crop yield can be 
increased by growing crops on raised beds using a bed planter illustrated in Fig. 12.11 
(Ahmad, 2008). This bed planted was designed by Water Management Research 
Center, University of Agriculture, Faisalabad. 

 

Fig. 12.12 Wheatand Sugarcane Planted on Beds and Irrigated through Furrows 

 

Fig. 12.13 Maize and Cotton Planted on Beds and Irrigated through Furrows 
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12.6.4.1 Characteristics 

Bed and furrow sizes can be adjusted for individual crop. Seed and fertilizer rates 
can be adjusted as per requirements. Bed planter can be operated by a common tractor 
driver. Furrow bed irrigation can be applied for different crops as shown in Fig. 12.12 
and 12.13 (Ahmad, 2008). 

12.6.4.2 Advantages 

� It is suitable for different crops 
� Water saving up to 50% and yield increase up to 25% 
� Higher water and fertilizer use efficiency 
� Easy manual and combine harvesting 
� Crop intensity increase 
� Less weed infestation in sugarcane 
� Better drainage of water during rainy season 

12.6.4.3 Limitations 

� Maintenance of bed planter is required. 

12.6.5 Surge Irrigation 

In this system of irrigation, water is applied through pulses of short duration. Fig. 
12.14 (FAO, 1998) illustrates complete cycle of advance and recession phase for 
surge irrigation system. Instead of six hours of continuous irrigation system, six 40-
minuts surges are used to complete irrigation requirement. 

 

Fig. 12.14 Surge Irrigation System showing Advance and Recession Phases 
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The detail of all surge irrigation cycle phases is explained in I2.1.4 section earlier. 
The ratio of on-time to the total time of cycle is known as cycle ratio. The range of 
cycle ratio lies from 0.25 to 0.75. Infiltration rate of any type of soil can be controlled 
by surge irrigation system. 

12.7  Surface Irrigation Evaluation 

Efficiency and uniformity are the most important factors to judge the performance 
and management of the surface irrigation system. These factors are sub divided into 
different parts. Evaluation of surface irrigation system illustrates that how much 
water is stored in the root zone and how much is percolated from the root zone depth. 

12.7.1 Need for Evaluation 

The main purpose to evaluate surface irrigation systems is the identification of 
management performance and system configurations. Evaluation indicates that more 
efficient system can be developed by reducing the inflow of water source that can 
refill water requirement in the root zone. 

Evaluation also provides the chances to improve the performance of surface 
irrigation system by changing in field size and its topography. The evaluation is also 
useful in different analyses and operations to improve the operation and management 
of the system. Surface irrigation system is a complex and dynamic hydrologic 
system. Therefore, the evaluation is an integral part to optimize the utilization of 
water in surface irrigation system 

12.7.2  Irrigation Efficiencies and Evaluation Indicators 

There are some indices to evaluate the surface irrigation system. 

I2.7.2.1 Application Efficiency 

It is the ratio of water stored in the root zone to the total water applied to the field. 

À¸ =  hÁ
hÂ

    (12.5) 

Ea = Application efficiency 

Vs = Volume of water stored in root zone 

 Vf= Volume of water applied to the field 

12.7.2.2 Conveyance Efficiency 

The ratio between the water reached at the field to the total water diverted from the 
source of water. Mathematically it is written as: 

À³ =  hÂ
hÃ

    (12.6) 

Where, 

 Ec= Conveyance efficiency 
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 Vf= Volume of water applied to the field 

 Vt=Volume of water diverted from the source of water  

12.7.2.3 Irrigation Efficiency 

It is ratio of water beneficially used to the water applied to the field. 

ÀÄ =  hÅ
hÂ

    (12.7) 

Where, 

 Ei= Irrigation efficiency 

 Vb= Volume of water beneficially used 

 Vf= Volume of water applied to the field  

12.7.2.4 Distribution Uniformity 

Distribution uniformity may be defined as the average infiltrated depth in the low 
quarter of the field, divided by the average infiltrated depth over the whole field.  

12.7.2.5 Water Storage Efficiency 

It is the ratio of water stored in the root zone during irrigation to the water needed in 
the root zone prior to irrigation. 

ηx = �G
�Æ

×100    12.8 

Where, 

ηx=Percent water storage efficiency 

Wx=Water stored in root zone during irrigation 

Wz=Water needed in the root zone before irrigation. 

12.7.2.6 Water Distribution Efficiency (ηηηηd) 

It is ratio of difference from unity of ratio of the average numerical deviations to the 
average depth stored during the irrigation. Water distribution efficiency indicates 
uniformity in distribution of water over the entire root zone. 

η�  =  {1 − ÇÈ
�È}×100   12.9 

Where, 

η�= Percent Water distribution efficiency 

dÉ = Average depth of irrigation water stored in the root zone during irrigation 

YÈ= Average of numerical deviation fromdÉ. 

12.7.2.7 Crop Water Use Efficiency (ηηηηcwu) 

It is the ratio of crop yield (Y) to the water depleted by evapotranspiration (ET). 
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ηS�� = Ç
r�   (12.10) 

Where, 

 ηcwu = Crop water use efficiency (kg/m3 of water) 

 Y = Crop yield (kg/ha) 

 ET = Crop evapo-transpiration (mm). 

12.7.2.8 Field Water Use Efficiency (ηηηηfwu) 

It is the ratio of crop yield (Y) to the irrigation water applied to the field (IW). 

ηW�� = Ç
y�   (12.11) 

Where, 

 ηfwu = Field water use efficiency (kg/m3 of water) 

 Y = Crop yield (kg/ha) 

 IW = Irrigation water applied in the field (m3) 

12.7.2.9 Deep Percolation Ratio 

Deep percolation ratio indicates that how much water is percolated below the root-
zone depth. Mathematically, it is written as: 

Êa =  hËÌ
hÂ

   12.12 

Where,  DP = Deep percolation ratio 

  Vdp = Volume of water percolate from the root zone depth 

  Vf= Volume of water applied to field. 

12.7.2.10 Irrigation Time 

It is the time from advance time to the cut off time. 

12.7.2.11 Tail Water Ratio 

It is the ratio of the volume of water that drains out from end of field to the volume 
of water applied to the field. 

ÍÎA =  hÏ
hÐ

   12.13 

Where,  TWR = Tail water ratio 

  Vr = Runoff volume at the end of field 

  Va= Applied volume of water. 

Example 12.6: A discharge of 100 l/sec is delivered from a canal and 76 l/sec is 
delivered to the field. Area of 2.5 ha is irrigated in 12 hours. Irrigation is started after 
depletion of 50% of available soil moisture. The effective root-zone depth is 1.5 m; 
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available soil moisture holding capacity is 18 cm m-1, runoff loss is 400 m3. Water 
penetration depth is 1.6 m and 1.0 m at head and tail of the field, respectively. 

Calculate; 

i) Conveyance efficiency. 
ii) Application efficiency. 
iii) Storage efficiency. 
iv) Distribution efficiency. 

Solution: 

i) Conveyance efficiency 

η� = WÑ
W}

×100 = 76
100 ×100 

ηÒ = ÓÔ% 

ii) Application efficiency 

η8 = Wx
W}

×100 

W} = 76×60×60×12
1000 = 3283.2 m� 

WX = 3283.2 − 400 = 2883.2 m� 
η8 = 2883.2

3283.2 ×100 = 87.8% 

iii) Storage efficiency 

ηx = Wx
Wz

×100 

Water holding capacity of the root zone=18 x 1.5=27cm 

Moisture required in the root zone = 27 − '27×50
100 , = 13.5cm 

Wz = 13.5
100 ×2.5×10000 = 3375 m� 

Ex = 2883.2
3375 ×100 = 85.4% 

iv) Distribution efficiency 

E}  =  {1 − YÈ
dÉ}×100 

dÉ = 1.6 + 1.0
2 = 1.3 m 
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Deviation from mean at the head = 1.6 − 1.3 = 0.3 
Deviation from mean at the head = 1.3 − 1.0 = 0.3 

Average deviation = YÈ = 0.3 + 0.3
2 = 0.3 

η}  =  &1 − 0.3
1.3- ×100 = 76.9% 
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