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Introduction
Ethiopia has a lot of land that can be used for irrigation. 

Ethiopia has 112 million hectares (Mha) of land, according to [1]. 
The amount of land that can be used for agriculture is estimated 
to be between 30 and 70 Mha. According to [2], Ethiopia has 5.3 
million ha of potentially irrigable land, with 3.7 million ha from 
gravity-fed surface water, 1.1 million ha from groundwater, and 
0.5 million ha from rainwater harvesting [3]. Irrigation water, 
according to [4], is vital to poverty alleviation through greater 
production in rural regions in order to improve food security and  

 
rural livelihoods. To assure water availability, irrigation must be 
managed wisely, with increased efficiency and the use of low-water 
agricultural techniques. This study develops infiltration model 
and addresses performance evaluation of Omo Kuraz - III Sugar 
Development Project furrow irrigation. The evaluation was based 
on three common parameters to evaluate surface irrigation: two 
efficiency indexes and one uniformity index, namely, irrigation 
application efficiency, water requirement efficiency and distribution 
uniformity [5]. Considering that a substantial amount of sugarcane 
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to be cultivated in Omo Kuraz - III Sugar Development Project, a 
simple and effective process for monitoring and improving the 
performance of furrow irrigation systems is essential [6]. The study 
constituted development and analysis of soil infiltration model, 
soil physical property, water application, soil water storage and 
respective efficiencies and distribution uniformity of the scheme.

Irrigation, in general, and surface irrigation in particular, is 
not only the greatest water consumer, but also one of the most 
inefficient water user and potential factor resulting environmental 
degradation due to excessive irrigation water application. Irrigated 
agriculture’s long-term viability is mostly dependent on irrigation 
water management efficiency; as a result, it’s critical to improve the 
performance of less productive irrigation systems while maintaining 
the performance of more productive ones [7]. The impact that 
a system’s application uniformity can have on crop output and 
irrigation efficiency is another reason to evaluate systems. Acting 
on better irrigation management, namely choosing irrigation levels 
and the appropriate period of involvement, can enhance water 
use efficiency. The uniform application of water is the primary 
condition for an irrigation system’s efficient operation. Water might 
be evenly under or over-applied; a uniform water application does 
not guarantee great efficiency. It should be highlighted, however, 
that a highly effective system, as well as strong crop yields, 
necessitates uniform water application [8]. Improper irrigation 
practices, as reported by [9], result in inefficient water distribution, 
non-uniform crop growth, and excess and insufficient leaching in 
some places. All of these factors reduce the yield per unit of land 
area compared to the amount of water used. An irrigation scheme’s 
field performance review should reveal issues with the amount of 
water used the distribution of water across the field, the presence 
of excess tail water runoff, and considerable deep percolation 
losses. Thus, improving the effectiveness of irrigation practices is 
required to ensure the long-term viability of irrigated agriculture. 
Field evaluation of irrigation schemes is critical for determining 
the system’s efficiency in use, as well as identifying management 
methods and system configurations that may be implemented 
quickly and inexpensively to improve irrigation efficiency [10]. 
Conserving irrigation water has become a major problem in order 
to maximize the performance and thus the anticipated yield of 
irrigation schemes [11]. According to [12], the irrigation sector 
is efficient and successful in delivering desirable socioeconomic 
returns, considering the projected importance of irrigation in food 
security and poverty reduction and the large expenditures made in 
irrigation infrastructure. 

The monitoring and evaluation of the performance of already 
built irrigation schemes, on the other hand, receives little or no 
attention. Many existing irrigation schemes are degrading in their 
physical architecture, functioning, and management systems, 
whether traditional or modern, public agency or community 
operated. As a result, evaluating the performance of these irrigation 
schemes is critical in identifying the primary causes of water loss, 
as well as their operation and management systems. The Ethiopian 
government is building a massive sugar cane development 
project in this research study area. However, due to inadequate 
irrigation management, the irrigated command’s productivity 
falls significantly short of expectations. Some plots in the study 
area irrigation network receive insufficient irrigation water at an 
inopportune moment. Solving irrigation efficiency gaps will help 
to solve this challenge and, by improving water use efficiency, can 
lead to larger economic gains. Irrigation water use efficiency, in this 
context, is a way of reducing water consumption while minimizing 
yield losses. As a result, the focus of this study will be on developing 
an infiltration model and evaluating furrow irrigation to determine 
two efficiency indexes and one uniformity index, namely irrigation 
application efficiency, water storage efficiency, and distribution 
uniformity of Omo Kuraz III irrigation scheme. The project has 
numerous system flaws, operational errors, and managerial 
restrictions. Water loss occurs at several places of the system, 
such as canals and on-farm applications, in relation to irrigation 
infrastructure and irrigation water management practices. To 
conserve water, the losses should be detected, and then solutions 
to reduce them should be supplied so that irrigation water 
management is handled by water managers, farm supervisors, and 
irrigators.

Scope of the study 
This study is focused on the irrigation management system 

of the Omo Kuraz III furrow irrigation system. The scope of this 
research goes only to develop infiltration model and to determine 
irrigation application efficiency, storage efficiency and distribution 
uniformity. The research was conducted focusing only on the above 
three performance indicators because of data scarcity and absence 
of metrology stations near by the project.

Materials and Methods
Description of the study area

Omo Kuraz III irrigation system is situated in Omo River basin 
in the south - west of Ethiopia between 150223 and 167443 UTM 
east and between 655166 and 679135 UTM north (Figure 1).
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Figure 1: Stress Reduction Due to Embankment loading considering 1V:2H Side slope [3].

Climate: The agro climatic zone of the project area is situated 
in hot to warm arid plains. The annual average rainfall varies from 
100 to 400 mm: rainfall is bi-modal, low, erratic, and highly variable 
from year to year. The mean annual temperature is greater than 27 

°C [13]. The average sunshine hour in the area is 8.8 hours. The 
annual average relative humidity is 66.0 % whereas the annual 
average wind speed is 3.8 m/s (Figure 2). 

Figure: 2 Climate Conditions of the Study Area.
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Hydrology: The simulated flow of the Omo River at Kuraz 
for the time period 1983 – 2013 indicates that the mean annual 
discharge is about 750 m³/s, while the monthly average is about 
200 m³/s from January to March, then increase ranging from 1,100 
to 1,350 m³/s between May and September [13]. The main source 
of water for Omo Kuraz-III Sugar Cane Farm Irrigation is Omo River. 
Among the tributaries of Omo River, the Kuma stream is the major 
river draining the command area from the west to east direction 
and eventually joins the Omo River. There are also several other 

small streams and drainage lines that also carry flows of water from 
west to east direction to Omo River [14]. 

Scheme layout: The main canal aligned on the right side is 
labeled as RBMC and starts to irrigate Omo Kuraz-III Irrigation 
Farm at secondary canal one. Currently, using Sharma dyke as water 
source starts to irrigate Omo Kuraz III Irrigation Farm at SC3. The 
network system accounts the large unit canal to be reduced to small 
unit of easy operated and managing system through quaternary 
canals finally to field units using field canals (Figure 3). 

Figure: 3 Layout of the Study Field.

Soil type: Fine and heavy clays with medium textures dominate 
the soil’s physical properties. The study area’s available water 
holding capacity ranges from 242.1 mm/m to 463.3 mm/m. The 
bulk of the soils in the project region have a strong clay texture. The 
bulk density of the soils in the project area ranges from 1.59 to 1.89 

g/cm3. The infiltration rates of the soils are surprisingly moderate 
to fairly sluggish, ranging between 1.1 and 5.4 cm/hr. [15].

Furrow dimensions: Furrow type of the study area is straight 
line, end close trapezoidal shape. The dimensions are 200m length, 
1.45m center to center spacing and 0.25meter depth (Figure 4).

Figure: 4 Furrow Dimensions.

Data Collection
The secondary data were collected through literature review and 

formal and informal communication with respective organization, 

and direct measurements and observations. The sample field was 
selected as it is fully cultivated and actively operational from the 
other secondary canal fields for primary data collection. During 
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Primary Data Collection, Frequent field observations were made to 
know how irrigators control and manage irrigation water during 
application/irrigation event; identify practices related to irrigation 
water management techniques. Soil samples at depth intervals 
were taken before and after 24-hour irrigations. Determine the 
depth of water applied to the specific area of the field.

Materials and Methods
The study area field was partitioned into three blocks namely 

upper field, middle field and lower field. Each block had aerial size 
of 5714.29m2 and twenty furrows with 200m length each. The 
research was done through three irrigation seasons. On each season 
the research was conducted on the end furrow of upper, middle 
and bottom field using different flow rate. For each block at each 
irrigation event, furrow bund was formed using the same soil type 
from furrow bank to measure infiltration rate. Infiltration model was 
developed using Kostiakov model. Power regression was applied to 
determine best fit values of model constants using Microsoft excel, 
2010 version. For doing so, ten sample cumulative infiltration data 
were collected using furrow bund technique at each field blocks 
per each three irrigation seasons. Using natural logarithm of these 
ten cumulative infiltration data and corresponded time, power 
regression was run to determine best fit values of model constants 
“m” and “n”. Using this developed infiltration model, cumulative 
infiltration was calculated. Calculated irrigation water stored depth 
was used to compute application efficiency, storage efficiency and 
distribution uniformity while required irrigation water depth was 
used to calculate storage efficiency.

Laboratory Analysis
To determine the moisture content of the soil, soil samples were 

collected just before and 24 hours after irrigation event during three 
irrigation season of date March 17, 2020, September 13, 2020, and 
December 1, 2020. Then soil moisture content was determined in 
laboratory using gravimetric method. The dry weight fraction of 
each sample was calculated using the equation by [16]. 
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Where θw is soil moisture content on a dry weight basis (%), Ww 
is wet weight of the soil (gm) and Wd is dry weight of the soil (gm). 
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Where θ is volumetric moisture content, θw is the dry weight 
fraction, ρb is bulk density and ρw is specific weight of water 

To determine the dry bulk density, the dry weight of the soil 
was divided by the soil sample volume. It is expressed as: 
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Where ρb is bulk density, wd is the dry weight fraction (gm) and 
vs - sample volume (m3)

To determine soil texture, soil samples were collected from 
three different layers of each 30 cm depth and 0 – 90 cm total layers’ 
depth range in the field and determined in the laboratory using 
mechanical analysis. The soil textural classes were determined 
using USDA soil textural triangle [17]. The evaluation of the depth of 
water application was carried out using flexi-flume installed at the 
outlet of quaternary canal of the field. During the determination of 
the amount of water applied to the field, the average water flow rate 
passing through the flexi-flume outlets to the field and respective 
time intervals were recorded with the size of the field being 
irrigated. Calibrations were made in 20-liter bucket by recording 
respective time by taking the measurements at different location 
and the process was made repeatedly. Irrigation continued until 
irrigation water reaches to the end of closed end furrow. The total 
volume of water applied to the field was obtained by multiplying 
the discharge rate with the inflow time and number of furrows. The 
depth of water applied to the field was calculated by dividing the 
total volume of water applied to area of the field. 

Soil infiltration measurement process is broadly classified into 
two; field evaluation and infiltration model determination [18]. 
During irrigation, measurements of inflow and distribution of 
water applied to the root zone, advance and recession time were 
made while intake opportunity time was calculated. For doing so 
volume balance method with advance method was used. After 
24 hours’ irrigation soil moisture and furrow cross section were 
determined. The method considered for this research to determine 
discharge and infiltration was volume balance method. 

Data Analysis
Infiltration: For this research, Kostikov infiltration model was 

used to obtain numerical values of the model’s parameters using 
field experimental data.

                                         
nI mT=                                                     

(4)

Where, “I” is cumulative infiltration depth, mm; T is time elapsed 
for infiltration, min; “m” and “n” are the empirical parameters. 
These parameters are site-specific and depend on the soil texture, 
soil bulk density, moisture contents, and other soil properties [19]. 

Discharge Measurement: Along the furrow, the discharge 
per each partition end point was measured using 70o sharp crest 
V-notch constructed from 4mm thick sheet metal in workshop and 
the computation was done using Kindsvater-Shen equation for non 
90o sharp crest triangular V-notch.

                     
( )

5
24.28 tan

2
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  (5)

Where Q is discharge (cfs), C is discharge coefficient, θ is notch 
angle (degree), h is head in (ft.) and k is head correction factor 
(ft.). C and k are taken from graphs or calculated by the following 
formulae.

6 20.60716502 0.000874460963 6.10393334*10C θ θ−= − +           (6)
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6 2 8 30.0144902648 0.00033955535 3.29819003*10 1.06215442*10K θ θ θ− −= − + −      (7)

Application Efficiency: The application efficiency is the 
relation between the quantity of water stored in the root zone and 
the quantity of water released to the field inlet. The application 
efficiency (Ea) was calculated using the equation; 
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Where Ea is water application efficiency (%), Ws is water stored 
in the soil root zone during the irrigation (mm) and Wf is water 
applied to the farm/field (mm). The depth (d) of water stored or 
infiltrated in the root zone was determined using equation as follow.
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Where ‘d’ is total infiltration depth (m), Zi is infiltrated depth at 
each subsequent section measured along the furrow, Li is advance 
distance of each section (m), Wi is furrow spacing (m), Af is area of 
the field (m2) and n is number of measurements 

Storage Efficiency: Water storage efficiency is the ratio of 
the quantity of water stored in the root zone and evaluates how 
completely the water needed prior to irrigation has been stored in 
the root zone during irrigation. The amount of water needed in the 
root zone is the difference between moisture content corresponding 
to the field capacity and the moisture content in the root zone prior 
to irrigation. The amount of water added to the root zone is the 
difference between the moisture contents in the soil 24 hours after 
irrigation and prior to irrigation. Total available water (TAW) which 
is an estimate of the amount of water a crop can use from the soil 
and is computed from the moisture content in volume percent at 
field capacity and permanent wilting point as:

                 
( )*fc wp
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m
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 (10)

Where: TAW is Total Available Water in the root zone (mm), 

θFC is Water content at Field Capacity (m3m-3), θWP is Water content 
at Wilting Point (m3m-3) and RD is Root Depth (mm), The amount 
of water needed to refill the crop root zone to field capacity at the 
time of irrigation or the required depth (Zreq) was calculated using 
equation, 3.11 in the root zone [20] as cited in [21].

             ( )10* *req fc iZ SMD Dθ θ= = −
                               

(11)

Where; SMD is soil moisture deficit (mm), Zreq is the required 
application depth (mm), θfc is moisture content at field capacity (% 
volume), θi is moisture content before irrigation event (% volume) 
and D is effective root depth (m). After determining the depth 
stored and required in the root zone, the storage efficiency was 
calculated using:

                            
s
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dE
Z

=
                                                              

 (12)

Where Es is storage efficiency (%), d is average infiltrated depth 
(mm) and Zreq is the required application depth (mm) 

Distribution Uniformity: One measure which emphasizes 
the under-watered area and looks at the critical regions is the 
distribution uniformity [22]. 

1
1

.
.

q
q
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davg lowquarter depthDU
avg depthof water accumulated in all elements d

= =
   

(13)

Where davg [mm] is the total volume accumulated in all elements, 
divided by total area of all the elements. 

Result and Discussion

Infiltration parameter modeling
Using this measured data, the graph was plotted explicitly for 

advance and recession time versus advance distance. The variation 
is nearly similar to recession time. It is difficult to determine the 
cause of these advance and recession time variations specifically 
since it depends on different factors. The possible reasons are 
decrease in inflow rate along the furrow (for advance time), the 
slope variations at some parts of the furrows, measurement errors, 
and very large variations in soil texture in the fields [23] (Figure 5).

Figure: 5 Irrigation Water Advance Time vs. Advance Distance.
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As observed from the graph it is increasing trend from point of 
inlet to the outlet at the end of furrow (Figure 6).

As observed from the graph, Figure 6, it is increasing trend 
starting from non-zero value of the last advance time from point of 
inlet to the outlet at the end of furrow. The graph is flat which is due 

to gentle furrow slope (0.05%) of the study area. This gentle furrow 
grade resulting flat recession time curve attributed an increase in 
intake opportunity time. From measured advance and recession 
time, infiltration opportunity time was calculated by subtracting 
advance time from recession time and its graph was plotted as 
shown in Figure 7 (Figure 7).

Figure: 6 Irrigation Water Recession Time Vs. Advance Distance.

Figure: 7 Measured Intake Opportunity Time.

As observed from the graph of Figure 7, intake opportunity 
time decrease along the furrow and that is why deficit irrigation at 
the end of furrows is faced. The change was related with flow rate 
and as the flow rate decrease down the field intake opportunity was 
increased for the three blocks.

Infiltration function constants 
The proposed estimation procedure for flow-depth dependent 

infiltration parameters requires, first, calculating an infiltration 
function that is dependent only on opportunity time. This function 
is used to simulate the flow depth hydrographs. Ponded water 
on furrow bunds was infiltrated for 110 minutes and infiltration 
rate and cumulative infiltration was measured for the individual 
infiltration runs of 5–25-minute intervals. At the end of the 
measurement the following data of Table 1 was compiled (Table 1).

Table: 1 Field Measured Values of Cumulative Infiltration.

Cumulative Infiltration (mm)

T (Min) Upper Field Middle Field Lower Field Overall Field

5 10.98 11.26 12.38 11.54

10 21.4 22.77 25.05 23.07

15 26.68 32.79 36.07 31.85

25 40.52 44.66 49.12 44.77
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35 49.42 50.69 55.76 51.96

45 54.13 58.05 63.85 58.68

60 59.65 68.14 74.95 67.58

75 64.63 72.17 79.38 72.06

85 69.75 75.08 82.59 75.8

110 74.86 76.81 84.5 78.72

Furrow advance flow rate is largest at the head of the furrow 
and became successively smaller at each point downstream 
because of the water lost to infiltration into the soil. The result 
is due to a reduction in the rate of advance at successive points 
downstream. The infiltration rate measurement result shows that 
at initial stages, the infiltration rate was rapid but after a while 
infiltration decreased to a rate which is relatively consistent and 
getting approached to basic intake rate. Similar research output 

was presented by [20]. Taking time and cumulative infiltration 
column from the above infiltration data collected from the field, 
Table 1, as input data, a graph of measured infiltration curve was 
plotted using Microsoft excel. The coefficient and exponent of this 
displayed equation is considered as constant (m) and exponent (n) 
of the infiltration function. The equation of measured infiltration 
function as shown on Figure 8 below is I=5.5163 T0.6036 and hence 
the value of m=5.5163 and n=0.6036

Figure: 8 Field Measured Cumulative Infiltration Curve.

Power regression was particularly to model Kostiakov equation 
and was carried out using Microsoft excel. The procedural steps 
were log data generation of infiltration and time using measured 

values, transforming these data using natural logarism, analyzing 
the data using Data Analysis Tool and then applying power exponent 
to determine “m” and “n” (Figure 9). 

Figure: 9 Power Regression Summary Output of Overall Field Measured CI Data.
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The above regression summary output of overall field for 
measured cumulative infiltration data was analyzed and model 

parameters and general equation displayed as shown on the last 
raw of Table 2 (Table 2).

Table: 2 Measured Data Model Result Summary.

Field Equation M n R2

Upper Field I=5.041262431T0.60359101 5.04126243 0.60359101 0.9678

Middle Field I=5.473655387T0.60373623 5.47365539 0.60373623 0.9519

Lower Field I=6.021020926T0.60373623 6.02102093 0.60373623 0.9519

Overall Field I=5.5163134T0.60355478 5.5163134 0.60355478 0.9583

Power regression best fit calculated values of “m and “n” were 
computed and compiled as shown in Table 2. with respective 
cumulative infiltration equation and R2. Taking overall average 
values (m= 5.51631345046998 and n= 0.603554785), Kostiakov 
equation is I=5.51631345046998 T0.60355478. But R2 Value which 
is 0.9583 is far from unity and “Significance F”, 8.38858* 10-7 as 
displayed on power regression summary output of figure 10 is 
relatively big which indicates that “m” and “n” value is not best 

fitted, and hence further power regression is required to decide 
whether model equation I=5.51631345046998 T0.60355478 is best 
fitted equation or not. The coefficient and exponent of this displayed 
equation is considered as constant “m” and exponent “n” of overall 
field calculated cumulative infiltration function. The equation of 
overall calculated cumulative infiltration function as shown on 
figure 10 below is I=5.5163 T0.6036 and hence the value of m=5.5163 
and n=0.6036 (Figure 10). 

As shown on displayed equation of figure 10, R2 Value which 
is unity and “Significance F”, 6.5218* 10 -279 as displayed on 
power regression summary output of overall field for calculated 
cumulative infiltration data of figure 11 is significantly small which 
indicates that “m” and “n” value is best fitted and hence model 

equation I=5.51631345046998 T0.60355478 is best fitted equation.

Therefore, best fitted Kostiakov model equation of study area 
cumulative infiltration is I=5.51631345046998 T0.60355478 and 
calculated cumulative infiltration data is more descriptive than 
measured cumulative infiltration data (Figure 11).

Figure: 10 Calculated Cumulative Infiltration Curve.

Figure: 11 Power Regression Summary Output of Overall Field Calculated CI Data.
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The above regression summary output of overall field for 
calculated cumulative infiltration data was analyzed and model 

parameters and general equation displayed as shown on the last 
raw of Table 3 (Table 3).

Table: 3 Calculated CI Data Model Result Summary.

Field Equation M n R2

Upper Field I=5.04126243T0.60359101 5.04126243 0.60359101 1

Middle Field I=5.4736553T0.60373624 5.47365539 0.60373624 1

Lower Field I=6.02102093T0.60373624 6.02102093 0.60373624 1

Overall Field I=5.5163134T0.60355478 5.5163134 0.60355478 1

Measured and calculated cumulative infiltration depth was 
compared and shows that cumulative infiltration depths measured 
using furrow bund method was high at initial stages and slow at 
latter stages than calculated cumulative infiltration depth using 
developed empirical Kostiakov model equation. Though the figures 
are different the difference between observed and calculated 
values is small and it is one advantage of Kostiakov model [24]. 
Finally, the infiltration equation and its parameters were given in 
Table 3 and the performance of the model in terms of coefficient of 
determination was given. 

Texture and Bulk Density 
To characterize soil in the experimental site in terms of texture, 

moisture content and bulk density, soil analyses were undertaken, 
and results are presented in Table 3. The bulk density varied 
between 1.55 g/cm3 and 1.61 g/cm3. The top surface soil has the 
lower bulk density than subsurface soil for the study area. This 
indicated that soil structure down depth wise was more compacted 
and it may be the result of hard pan formation due to compaction by 
heavy duty machine (Table 4).

Table: 4 Texture and Bulk Density.

Depth (cm) Bulk Density g/cm3

Texture

% sand % clay % silt Class

0-30 1.55 15 72 13 Heavy clay

30-60 1.58 18 73 9 Heavy clay

60-90 1.61 19 70 11 Heavy clay

Soil Moisture Content: Before and 24 hours after irrigation 
moisture contents were varying in depth (Table 5). The top 0-30 cm 
soil depth had low average value while the value was increasing as 
depth increases from surface downward. The soil moisture content 
varied from 25.06 % to 42.60 % before irrigation and from 32.74 

% to 52.35 % after irrigation by weight basis. The total available 
water (TAW) is directly related to variation in before and 24 hours 
after irrigation. Mean value of TAW per 1 cm depth were found to 
be 1.274 mm (Table 5). 

Table: 5 Soil Moisture Content before Irrigation and after 24hr Irrigation.

Field Soil Depth (cm)
Before Irrigation (%) After Irrigation (%)

W-basis V-basis W-basis V-basis

Upper Field

0-30 27.6 42.58 32.74 50.64

30-60 33.31 52.52 41.48 65.68

60-90 39.8 63.8 46.84 75.25

Middle Field

0-30 25.06 38.34 33.34 51.01

30-60 31.32 48.55 39.45 61.15

60-90 39.39 62.64 47.66 75.78

Lower Field

0-30 30.2 45.9 38.41 58.39

30-60 38.59 59.42 48.79 75.13

60-90 42.6 67.31 52.35 82.71

Soil Moisture Depletion: The actual soil moisture depletion (SMD) 
at time of irrigation was computed for the study area using soil 

moisture content by gravimetric method. It was computed using 
equation 11 (Table 6). 
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Table: 6 Actual Soil Moisture Depletion Depth (mm).

Root Depth (cm)
Field

Upper Field Middle Field Lower Field Overall Field

0 – 30 24.19 38.03 37.47 99.69

30 – 60 39.49 37.8 47.13 124.42

60 – 90 34.34 39.43 46.18 119.96

Overall average (mm) 114.69

Depth of Water Application: The water application depth for the 
study area was 140.56 mm. Variations in irrigation time within the 
study area per different furrows were observed. The downstream 
furrow was irrigated using more irrigation time duration than 

upstream and middle furrows and hence more irrigation water was 
supplied. During the study, it was observed that, the application of 
irrigation water was not at regular intervals (Table 7). 

Table: 7 Irrigation Water Application.

Field Time Elapsed (sec) Avg. Q (l/s) Field Area (m2) Total Volume (lit) Depth Applied (mm)

Upper Field 9,332.63 84.24 5,714.29 786,203.61 137.59

Middle Field 11,199.16 73.13 5,714.29 819,009.23 143.33

Lower Field 12,132.42 67.74 5,714.29 821,895.81 143.83

Overall Field 10,888.07 221.31 17142.9 2,409,655.19 140.56

Overall elapsed time (sec) in Table 7 was taken the average 
value of each field for three irrigation seasons. And respective 
discharge (l/s) was taken the average flexi-flume outlet discharge 
multiplied by the total number of furrows (60). While the size of 
each field block was determined by dividing the study area field 
into three equal partitions of 20 furrows each. Table 7 indicates that 
the amount of applied irrigation water, 140.56 mm, is greater than 
the required depth 114.69mm which is due to encountered losses 

[25]. The actual moisture stored (AMS) in the soil was determined 
from field evaluation data during irrigation using volume balance 
method and was calculated (Table 8) using equation 9 (Table 8). 
The actual moisture stored (AMS) in effective root zone of the soil 
shows that relatively high-water depth was stored in the root zone 
for upstream part of the furrow than downstream and may be 
significantly high intake opportunity time to the upstream.

Table: 8 Actual Water Stored (mm).

Advance Distance (m)
Infiltrated Depth, Di (mm)

Upper Field Middle Field Lower Field Overall, Field

0 106.05 128.64 148.51 116.39

10 105.69 128.2 148.01 116

20 105.61 128.1 147.89 115.91

30 104.59 126.87 146.47 114.79

40 103.96 126.1 145.58 114.09

50 102.82 124.72 143.99 112.85

60 102.28 124.51 143.1 112.35

70 101.96 123.68 142.78 111.91

80 100.5 121.91 140.74 110.3

90 98.94 120.01 138.55 108.59

100 97.94 118.79 137.14 107.49

110 96.29 116.8 134.84 105.68

120 94.27 114.35 132.01 103.46

130 89.05 108.01 124.69 97.73

140 88.91 107.85 124.5 97.58

150 85.26 103.42 119.39 93.57
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160 80.91 98.14 113.3 88.8

170 77.12 93.54 107.99 84.64

180 73.1 88.66 102.35 80.23

190 68.65 83.27 96.13 75.35

200 63.94 77.55 89.53 70.18

Average 92.75 112.53 129.88 101.8

Irrigation Efficiencies
Application Efficiency: After determining all the input parameters, 
the application efficiency of the scheme was determined using the 

quantity of water stored in the root zone and the quantity of water 
released to the field inlet. Table 9 shows the application efficiency 
of study area (Table 9). 

Table: 9 Application Efficiency of the Study Area.

Field Depth Applied (mm) Depth Stored (mm) Application Efficiencies, Ea (%)

Upper Field 137.59 92.75 67.42

Middle Field 143.33 112.53 78.51

Lower Field 143.83 129.88 90.3

Overall Field 140.56 101.8 78.74

As observed in Table 9, average application efficiency of the 
study area was 78.74%. Application efficiency extremely depends 
on soil type and moderately on furrow length, discharge rate 
and slope [26]. Similarly, [27] reported the maximum attainable 
application efficiency for furrow irrigation system in Sugar Cane 
Farm at 3% slope ranges from 30-90%. In this study, since the 
selected fields have all favorable parameters for having better 
application efficiency i.e. heavy clay soil type, gentle slope of 0.05% 
and 200m furrow length that confirms 78.74 % mean value is 
attainable. 

Storage Efficiency: Storage efficiency measures the ability of 
irrigation to meet the required amount of water. It relates to 
the actual stored to required amounts of water needed for crop 
irrigation in the system [8]. By monitoring storage efficiency, the 
statutes and management of the irrigation system can be overseen 
[28], [8]. The storage efficiency of the study area was computed 
using equation 9 as 97.19%. Storage efficiency less than 100% 
indicates the existence of deficit irrigation. For this research the 
deficit is acceptable with space for rain case (Table 10). 

Table: 10 Storage Efficiency of the Study Area.

Field Required Depth (mm) Stored Depth (mm) Storage Efficiency, Es (%)

Upper Field 98.03 92.75 94.62

Middle Field 115.26 112.53 97.63

Lower Field 130.78 129.88 99.31

Overall Field 114.69 101.8 97.19

According to [29], optimum attainable storage efficiency is 
87.5%. Depending on weather, type of soil and time span considered, 
effectiveness of stored soil water might be as high as 90% or as low 
as 40% [30]. The result 87.29% is nearly the same as previously 
published research finding [29] and supporting scientific reason of 

free space for sudden rain case.

Distribution Uniformity: One measure which emphasizes how 
evenly water is applied throughout a field is distribution uniformity 
(DU). DU was computed using equation 13 (Table 11). 

Table: 11 First Low Quarter Distribution Uniformity.

Field Overall Average Infiltrated Depth (mm) 1st Lower Quarter Average Infiltrated Depth 
(mm)

Distribution Uniformity (DU), 
%

Upper Field 92.75 74.83 80.68

Middle Field 112.53 90.76 80.66

Lower Field 129.88 104.78 80.68

Overall Field 101.8 82.13 80.67
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Analysis of infiltration depth or sub surface storage along the 
furrow shows that it is fairly distributed. The analysis was considered 
the overall furrow length and the first low quarter one. According 
to [31], distribution uniformity of the study area which is 80.67% 
is found under high category and indicates that the distribution 
is relatively uniform over the entire field [32]. Another research 
conducted by [5], explains that the result of DU, 80.67% which 
is greater than 80% confirms that there is relatively reasonable 
combination of irrigation technical parameters. Similarly, the same 
research conclusion was found by [33] stated as the value of DU 
increases as the flow rate increased regardless of furrow lengths 
and decrease as the furrow length increase. Similar research result 
was found by [5] that with the same slope, distribution uniformity 
will decrease when the furrow length increases. 

Conclusion and Recommendation

Conclusion
For this research, cumulative infiltration was estimated using 

standard and dimensionless form of Kostiakov model for heavy 
clay soil. Data analysis using Microsoft excel reveals that the 
application of nonlinear optimization power regression technique 
to estimate parameters of standard form of Kostiakov model 
result is more accurate estimation of cumulative infiltration. 
The result of coefficient ‘m’ and exponent ‘n’ for developed 
infiltration model was found to be 5.52 and 0.60 respectively 
with the value of coefficient of determination, R2 result equals to 
unity. This coefficient of determination, R2 which is a measure of 
how measured values are well replicated and hence indication of 
realistic model development confirms that calculated constants 
are best fit values. Irrigation systems should be evaluated on a 
regular basis to ensure that the systems are well maintained and 
are performed according to design manner. Application efficiency, 
distribution efficiency and distribution uniformity are irrigation 
performance parameters that correlate best with furrow irrigation 
variables (inflow discharge, furrow length, and time of irrigation 
cutoff) and can be used for design, management, and operation 
of furrow irrigation systems. The results of the study conducted 
show that more attention needs to be paid to the storage efficiency 
and distribution uniformity of an irrigation system. To improve 
the distribution uniformity of irrigation systems they need to be 
properly maintained and operated. The results also show that a 
well-maintained and correctly operated system can achieve or 
exceed a distribution uniformity that is considered reasonable and 
acceptable. An irrigation system can have low application efficiency 
and have good DU. Even though the irrigation water requirement 
is not achieved due to poor supply and evaporation loss, the entire 
field may receive the applied irrigation water more uniformly for 
well graded furrow. So the result of application efficiency, storage 
efficiency and distribution uniformity could still lead to crop stress 
and reduced yields which need to be improved further. It is only 
possible to achieve high application efficiencies with minimal 
deficit irrigation if the DUs are high.

Recommendation
This study used the Kostiakov equation as an empirical model 

for estimating the infiltration function. However, using another 

empirical model (i.e., the modified Kostiakov model, which 
includes more empirical parameters) increases the accuracy of 
the estimated infiltration model. Additionally, the changes in the 
soil water content were observed at twenty locations along three 
sample furrows with 200m length. However, observing the soil 
water content at more furrows increases the accuracy of the model 
parameters. It is necessary to give intensive practical training to 
the irrigators about economical application of water at the field 
applying appropriate depth of irrigation water and following 
irrigation interval in order to practice efficient use of water, and to 
avoid water logging problem at field due to poor water management, 
Considering the field is precision leveled and recently developed 
scheme the calculated efficiency and distribution uniformity is not 
at good level. On the other hand, the long-term plan of the company 
shows that irrigation water supply of the farm will be purchased. 
To make future water purchase expense as small as possible and 
to maximize company profit, it is required to manage irrigation 
practice and irrigation water use management.
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