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Abstract: Suitable irrigation method with application level is essential for adaptation and adoption in the areas where water 

resources are limited. Therefore, a field experiment was conducted to test the performance of alternate furrow irrigation (AFI 

or FFI) and convectional furrow irrigation (CFI) with three water application level on crop, yield response, water use efficiency 

and cost benefit analysis of cabbage. The experiment had two factors, factorial design arranged in Randomized Complete 

Block Design (RCBD) with nine treatments of three replicate. The treatment namely three furrow Irrigation method alternative 

Furrow Irrigation (AFI), Fixed Furrow Irrigation (FFI) and Convectional Furrow Irrigation methods (CFI) and three 

application levels full (100%), three forth 75% and half 50% of full ETc (crop water requirement). The result shows CWUE, 

IWUE and EWP were highly significantly (P<0.01) affected by both IMs and ALs. The highest and the lowest mean crop and 

irrigation water use efficiency (CWUE and IWUE), and economic water productivity (EWP) were recorded by AFI and CFI 

irrigation. Whereas, under ALs the highest and the lowest mean CWUE, IWUE and EWP were recorded by 50% and 100% 

ETc Application depth. Maximum water saved resulted from AFI and FFI, with 50%, 75% and 100% ETc application depth 

was equally computed as 58.33%, 37.50% and 16.67% which could irrigate additional area of 0.20, 0.60 and 1.40 ha for each 

treatment respectively. Contrarily yield reduction was higher in FFI followed by AFI and CFI with the same ALs. NR (net 

return) produced per hectare was higher in CFI followed by AFI and FFI. In case of BCR, AFI with 75% and 50% ETc was 

higher than FFI followed and the smallest by CFI of 50% and 75% ETc deficit level. Hence yield reduction and NR incurred 

by alternate (AFI and FFI) were compensated from additional irrigable area by diverting the water and labour saved. Generally 

from over all investigation of CWUE, IWUE, EWP, NR and BCR alternative furrow irrigation method (AFI) was better than 

FFI and CFI for the water scarce area. 
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1. Introduction 

Irrigated agriculture extends over 270 million hectares [1]. 

Although it represents only 17% of the world cultivated area, 

it provides 40% to 45% of the world food and fiber supply 

[2]. Irrigated agriculture is the major consumer of available 

fresh water worldwide and its consumption is estimated at 

~70% of the existing freshwater supplies [2]. The competing 

uses for water (domestic, industrial, and environmental) and 

the increasing demand for food due to a rapidly growing 

world population require an urgent improvement of 

productivity per unit of water consumed in agriculture [3]. 

About 90% of the irrigated land of the world is irrigated 

using relatively inefficient surface irrigation methods [4]. 
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Similarly in Easter Ethiopia traditional surface irrigation 

methods (basin, border and furrow) are widely used to 

irrigate crops, though acute water shortage. Now a day the 

modern, high-tech and efficient micro irrigation methods 

(drip, bubbler, sprinkler etc.) are advocated worldwide, 

however; in developing countries like Ethiopia is not 

affordable, because of high cost of installation, operation and 

maintenance, and required skilled manpower. Thus seeking 

for efficient irrigation methods that are economical, easy to 

install and operate, and which are readily acceptable to the 

farming community is demanding.  
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30 .6 5 * 1 0 * a * 2 gQ H−=                 (1) 

where; Q is discharge from siphon tube (l s-1), a is area of cross 

section, inside of tube (cm2), g is acceleration due to gravity (cm 

sec-1, 981cm sec-2) and H is effective head causing flow (cm).  

The effective head was calibrated to be 12 cm and hence the 

resulting discharge out of the siphon tube was 1.15 liters per 

second. This discharge was selected in order to avoid erosion, in 

accordance effective height and allowable maximum non 

erosive discharge as possible recommended by [3]. 

The time required to deliver the desired depth of water in to 

each furrow was calculated using the equation recommended by 

[15]: 

a pD * w * l
t

3 6 0 * q
=                                (2) 

where; Dap is depth of water applied (cm), t is application 

time (hr), l is flow length (m) q is flow rate (l s-1) and w is 

furrow spacing (m). 

2.4. Net and Gross Irrigation Water Requirement 

Cabbage (Brassica oleraceacapita L.) can flourish under 

irrigation in the lower altitudes. Irrigation is a standard 

practice in vegetable crop like cabbage. Water needed per 

irrigation was determined as net depth of irrigation water that 

is required consumptively for crop production. It is the 

amount of irrigation water required to bring the soil moisture 

level in the effective root zone to field capacity. Thus it was 

the difference between the field capacity and the soil 

moisture content in the root zone before starting irrigation. 

This is obtained by the relation given below; 

f b* r
net

(θ c θi)ρ D
I

100

−=                            (3) 

where; Inet is the net amount of water to be applied during 

irrigation (cm), θfc is the moisture content at field capacity in 

the root zone by volume (%), θi is field moisture content 

before irrigation in the root zone by volume (%) i.e. 0-30 and 

30-60 cm depth, Dr is the depth of the root zone (cm) r= 60 

cm and bulk density of the soil in the root zone (g cm-3). 

Gross depth of irrigation water (Igr) equals the net irrigation 

depth (In) divided by the application efficiency (Ea). The 

following equation was used to compute gross irrigation 

water requirement. 

n
gr

a

I
I

E
=                                   (4) 

The field water application efficiency for surface furrow 

irrigation is normally taken as 60%.  

Water saving with AFI and FFI compared to CFI was 

calculated as:  

CFI FI./FFI

CFI

 
(W W )

W S(%) *100
W

A−=             (5) 

where WS is water saved WCFI is total water used (mm) with 

the CFI method and WA is total water used (mm) with the 

AFI and FFI method and amount of water applied for AFI 

and FFI was equal. 

Percent of yield increase/decrease in yield (%) compared 

to the AFI or FFI method was computed as 

AFI/FFC FI
I/D  

C FI

(Y Y )
Y (% ) *100

Y

I−=           (6) 

where YI/D is percent yield increase or decrease, YAFI/FFI and 

YFIC are yields (kgha-1) obtained with the AFI/FFI and CFI 

methods, respectively. 

2.5. Water Productivity 

(1) Crop water use efficiency (CWUE): Crop water use 

efficiency (CWUE) or so-called in other references crop 

water productivity (CWP) was computed by dividing 

crop yield by consumptive water use (net irrigation). 

a

3

Y
CWUE

Consumtive water applied to the field (m )
=       (7) 

(2) Irrigation water use efficiency (IWUE): IWUE (kg m-

3) was determined by dividing the yield to seasonal 

evapotranspiration and total seasonal irrigation water 

applied, and calculated by the following equation: 

a

3

Y
IWUE

Total   water applied to the field (m )
=       (8) 

where WUE is water use efficiency (kg m-3), Ya is actual 

yield (kg), and total (gross irrigation) water applied to the 

field (m3) was determine from ETc is seasonal crop 

evapotranspiration from the cropped area. 

(3) Economical water productivity: (ETB m-3) relates the 

economic benefits per unit of water used. It was 

calculated by: 

3

Output (value)

Total  amount of water  consumed (m )
EWP =       (9) 

where; Wp is the economic water productivity in ETB m-3, 

out-put is the product of marketable yield and market price in 

ETB, and water consumed in m3. ETB is Ethiopian ETB 

2.6. Cost Benefit Ratio and Net Return Analysis 

The cost and benefit of each treatment was analyzed 

partially, yield and economic data were computed to compare 

the advantage of different furrow irrigation methods and 

application levels of each treatment. The total cost mainly 

includes operating and variable costs. Operating costs (labor, 

land preparation, seeds, and fertilizers and implement costs) 

were based on the planted area. Variable costs depended on 

the number of irrigation events, labour and water unit price. 

The indigenous farmers in the study area do not pay for 

irrigation water of their farms. Therefore assumption was 
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made for the costs of water unit price which was estimated to 

be 12.5 ETB m-3. The man-day labor cost was 50 ETB day-1 

to irrigate field. Total water cost for season was calculated by 

multiplying the water unit price by the total amount of 

irrigation water required for cabbage crop. Gross revenue has 

been calculated by multiplying total yield in kg ha-1 of 

cabbage market price per kilogram. The farm-gate price for 

cabbage in this study was 2.5 ETB kg-1 (averaged local 

price). Net return (NR) and benefit-cost ratio (BCR) due to 

irrigation were calculated according to [16] as follows: 

NR = Gross revenue – Total cost                     (10) 

The benefit cost ratio (BCR) in ETB or ETB measures the 

increase in net return (NR) which was generated by total cost 

expenditure (TC): 

N R
B C R

T C
=                             (11) 

The amount of water saved (WS) per hectare of land was 

obtained by subtracting convectional furrow irrigation with 

100% ETc application levels as control for each treatment. 

The net return for additional area (NRA) for harvested 

marketable yield was calculated as the difference between the 

sum of the cost of labor for interaction of irrigation methods 

and application levels, the cost of water that was saved from 

application levels, and the revenue lost due to yield decreases 

resulting from this factor protocol is given [17] as; 

NRA = (G*LS + C*WS)–P*YL                     (12) 

where, NRA is Net returns of additional area (ETB), LS is 

Labor saved from irrigation system (man per day), WS is 

Volume of water saved (m3 ha-1), YL is Yield loss (kg ha-1), C 

is Unit price per m3 of water, P is Unit price per kilogram of 

cabbage yield and G is Unit cost of labor per irrigation per ha 

The extra irrigable land area which could be served by the 

irrigation water saved per hectare was determined by 

dividing the total saved water per hectares of land to be 

irrigated, the extra land was obtained by multiplying the 

change in net income by the area saved [17]. 

2.7. Statistical Analysis  

All measured variables were subjected to analysis of 

variance appropriate for RCBD. The data were analyzed 

using Genstat 15th edition statistical software. The mean 

separation was made using fisher protected list significant 

difference (LSD) method. 

3. Result and Discussion 

3.1. Water Productivity 

3.1.1. Crop Water Use Efficiency (CWUE) 

The outcome of statistical analysis indicates that CWUE 

varied highly significantly (P<0.01) influenced by both 

irrigation methods (IMs) and application levels (ALs). The 

highest value produced was 29.53 kg m-3 by AFI, and the lowest 

was recorded by CFI as 26.48 kg m-3, but when compared AFI 

with FFI there were no significant difference between them. 

Application levels show that, CWUE significantly increased 

when irrigation amount or depth decreased. Similarly the result 

for ALs shows that, the highest value of crop water use 

efficiency of 35.93 kg m-3 was obtained by ALs of 50% ETc 

followed by 75% ETc as 26.90 kg m-3 and 22.07 kg m-3 at 100% 

ETc correspondingly (Table 1).  

It is also evident that, at each irrigation methods, the 

CWUE increased with decreasing the water application level, 

comparatively, when goes from 100% ETc to 50% of ETc 

ALs the value observed as 13.86 kg m-3 difference (Table 1). 

Table 1. Effect of different furrow irrigation methods and application levels 

on crop water use efficiency. 

Irrigation method CWUE Application level CWUE 

AFI 29.53a 100 % ETc 22.07c 

FFI 28.90a 75 % ETc 26.90b 

CFI 26.48b 50 % ETc 35.93a 

LSD (5%) 1.232  1.232 

CWUE (kg m-3): Crop water use efficiency, LSD: Least significance 

difference, Note: means followed by the same in column have not significant 

difference 

3.1.2. Irrigation Water Use Efficiency (IWUE) 

The analysis of variance, showed that IWUE were highly 

significantly (P<0.01) influenced by both IMs and ALs. The 

observation from Table 2 opined that irrigation water use 

efficiency was decreased significantly from 17.72 to 15.89 kg 

m-3, for AFI and CFI respectively, but statistically mean of 

IWUE produced by AFI and FFI were not significantly 

different. IWUE was also affected by application levels, and 

the highest value was recorded as 21.56 kg m-3 by 50% ETc 

followed by 75% ETc (16.14 kg m-3), whereas 13.24 kg m-3 

at 100% ETc deficit levels in decreasing order. 

This result indicates CWUE and IWUE related to the 

amount of water supplied has inverse relation with yield 

obtained as formulated previously in equation 7 and 8.  

Table 2. Effect of different furrow irrigation methods and application levels 

on irrigation water use efficiency. 

Irrigation method IWUE Application level IWUE 

AFI 17.72a 100 % ETc 13.24c 

FFI 17.34a 75 % ETc 16.14b 

CFI 15.89b 50 % ETc 21.56a 

LSD (5%) 0.739  0.739 

IWUE: (kg m-3) Irrigation water use efficiency, ETc: Evapotranspiration of 

crop, LSD: Least significance difference, Note: means followed by the same 

in column are not significantly different 

3.1.3. Economic Water Productivity (EWP) 

The analysis of variance revealed that economic water 

productivity was highly significantly (P<0.01) influenced by 

both irrigation methods (IMs) and application levels (ALs). 

The result indicates that mean maximum economic water 

productivity value for AFI obtained as 64.26 ETB m-3, which 

had no significant different from fixed furrow irrigation 

methods and the mean minimum EWP was recorded by CFI 

as 57.65 ETB m-3 (Table 3). 
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Table 3. 
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3.2.2. Effect of Irrigation Methods and Application Levels 

on Water and Land Productivity  

The result indicated that water saved from treatment 

combination of AFI and FFI with 100% ETc, 75% and 50% ETc 

levels were 16.67 %, 37.5% and 58.33% of total net volume of 

irrigation water applied. Whereas CFI with 75% and 50% 

application obtained 25% and 50% respectively.  

CFI with 100% ETc application depth recorded maximum 

yield because this treatment received full crop water 

requirement, hence no yield reduction observed. Whereas AFI 

and FFI with 100% ETc yield reduction was less than 10%, 

which was indicated as 9.4 and 7.5%, respectively when 

compared with no water stressed (CFI with 100% ETc). 

However AFI and FFI with 100% ALs were saved 16.67% 

water from each treatment (Table 5), which could irrigate about 

0.2 ha (Table 6). 

But under plot of 75% ETc application depth or 25% stressed 

treatment of AFI, FFI and CFI were indicated that significant 

yield reduction as 16.3%, 21.2% and 9.7% respectively. As 

presented in Table 5 total amount of net volume of irrigation 

water as 37.5% (1553.40 m3) from AFI, FFI of each 

treatment and 25% (1035.60 m3) from CFI was saved. Hence 

water saved from AFI, FFI and CFI with 75% ALs could 

irrigate 27% (1.53 ha) of total additional area (Table 6). The 

result indicates cabbage performance under this deficit level 

was better in convectional furrow irrigation (CFI) followed 

by AFI and FFI with 75% ALs correspondingly.  

Accordingly for treatments with 50% ETc application 

level, yield reduction was higher when compared to 75% ETc 

as presented in (Table 5). The yield reduction in accordance 

to application level was increased as 22.0, 24.3 and 26.1% by 

CFI, AFI and FFI with 50% ETc respectively. This is because 

the cabbage stressed by half (50%) net crop water 

requirement which resulted in maximum yield reduction 

compared to normal or full water application. However 66 % 

of water saved could irrigate a total additional area of 3.8 ha. 

This clearly shows that yield reduction resulted from both 

irrigation methods and application levels could be 

compensated by additional irrigable area to be cultivated. 

From economic point of view yield obtained from total 

additional irrigable area (5.73 ha) could produce 325.9 tons 

of marketable cabbage yield (Table 6). 

Table 5. Relative yield reduction of cabbage and water saving with respect irrigation methods and application levels. 

Treatment combination 
Marketable 

yield (kg ha-1) 

Yield reduction 

(kg ha-1) 

Yield eduction 

(%) 
In (m

3 ha-1) 
Water saved 

from In (m
3 ha-1) 

Water save in 

(%) 

AFI 100% ETc 65304.4 6762.2 9.4 3452.0 690.40 16.67 

AFI 75% ETc 60333.3 11733.3 16.3 2589.0 1553.40 37.50 

AFI 50% ETc 54555.6 17511.1 24.3 1726.0 2416.40 58.33 

FFI 100% ETc 66655.6 5411.1 7.5 3452.0 690.40 16.67 

FFI 75% ETc 56811.1 15255.6 21.2 2589.0 1553.40 37.50 

FFI 50% ETc 53255.6 18811.1 26.1 1726.0 2416.40 58.33 

CFI 100% ETc 72066.7 0.0 0.0 4142.4 0.00 0.00 

CFI 75% ETc 66377.8 5688.9 7.9 3106.8 1035.60 25.00 

CFI 50% ETc 56200.0 15866.7 22.0 2071.2 2071.20 50.00 

 

3.3. Cost Benefit and Economic Analysis 

Net Return from Additional Irrigable Area 

Net return from additional irrigable area due to water 

saved from irrigation methods and application levels of 

cabbage production estimated according to water applied for 

each treatment. Table 6 indicates that the net return (NR) 

computed from the water and labor saved of each treatment 

and detail calculation of net income or return gained from 

additional irrigable area of each treatment are presented. The 

result indicates that the highest net return observed in 

alternative irrigation method with 50% ETc application level 

and the lowest net return was obtained from CFI with 75% 

ETc application level. With the same vein, CFI with 75% ETc 

application level resulted in lowest water saved and irrigable 

area compared to AFI and FFI of the same ALs. It clearly 

seen that the value of net return generated was influenced not 

only by water applied but also furrow irrigation methods. 

On the other hand, CFI with 100% ETc was used as 

control for all treatment. The result shows the water saved 

from AFI and FFI with 100% ETc or with full irrigation only 

found out from the two other furrows remain dry until the 

next irrigation schedule for AFI and FFI with their 

application. Accordingly the additional area to be irrigated of 

each treatment was calculated based on the amount of water 

applied and the ratio of total water applied for non-stressed 

treatment (CFI with 100% ETc) to stressed treatments. 

Likewise, the total additional area obtained was converted to 

hectare from each treatment as about 5.73 ha, which could be 

irrigated by total water saved of 20712.02 m3 per hectare 

with total labor saved show in Table 6.  

Table 6. Net return generated of each treatments per hectare from additional land of cabbage cultivated.  

Treatment MHY *100  Ig (*100) 
WS (m3) 

*100 

A. A irrig. 

by WS 

YG of A. A 

(*100) 

G* LS 

(*100) 

C*W S 

(*100) 
TC(*100 ) TR(*100) 

NR due to 

AA *100  

T1  65.30 57.53 11.51 0.20 130.61 5.8 143.8 167.7 326.5 158.8 

T2  60.33 43.15 25.89 0.60 362.00 13.1 323.6 391.0 905.0 514.0 

T3 54.56 28.77 40.27 1.40 763.78 20.4 503.4 650.4 1909.4 1259.1 

T4  66.66 57.53 11.51 0.20 133.31 5.8 143.8 167.7 333.3 165.5 

T5  56.81 43.15 25.89 0.60 340.87 13.1 323.6 391.0 852.2 461.2 

T6  53.26 28.77 40.27 1.40 745.58 20.4 503.4 650.4 1863.9 1213.6 
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Treatment MHY *100  Ig (*100) 
WS (m3) 

*100 

A. A irrig. 

by WS 

YG of A. A 

(*100) 

G* LS 

(*100) 

C*W S 

(*100) 
TC(*100 ) TR(*100) 

NR due to 

AA *100  

T7  72.07 69.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

T8  66.38 51.78 17.26 0.33 221.26 8.7 215.8 254.6 553.1 298.5 

T9  56.20 34.52 34.52 1.00 562.00 17.5 431.5 539.4 1405.0 865.6 

Total   207.12 5.73 3259.40 104.9 2589.0 3212.2 8148.5 4936.3 

Note: Ig: Gross irrigation per ha in m3, A.A: Additional area irrigated, MHY: Marketable head yield in ton ha-1, LS: Labor saved from irrigation system, WS: 

Volume of water saved in m3 per ha, YG: Yield gained from A.A in kg ha-1, C: Unit price per m3 of water ( C=12.5 ETB) and P: Unit price per kg of cabbage 

head (P=2.5 ETB kg-1), G: Labor per irrigation per ha (G=50 ETB day-1), TR: Total return in ETB ha-1, TC: Total cost in  ETB ha-1 and NR: Net return in ETB 

per hectare of additional area. (Hint: all values are multiple of 100 except additional area to be irrigated) 

Finally Table 7 indicated that BCR (benefit cost ratio) of 

cabbage was computed for each treatment combination as the 

ratio of yield earned to the cost expended. Accordingly, 

treatments FFI, AFI and CFI with 100% ETc water 

application level had the lowest BCR as 0.99, 0.9 and 0.82 

respectively. Because those treatments cost of production 

higher as compared to yield obtained.  

Moreover treatment combination of 75% ALs, the highest 

BCR was attained by AFI and the lowest was recorded under 

CFI, as presented in Table 7. The other remaining treatments 

were occupied in between largest and the smallest value of 

BCR. This implied that the water saved with incorporation of 

both combined factor of (IMs and ALs) had an indicator for 

analysis of BCR from additional land available. 

Therefore the net reduction in benefit due to yield 

reduction of each treatment was compensated by net benefit 

gained from yield obtained by additional area cultivated with 

labour and water saved with the same criteria and condition 

determined. Among different irrigation treatments, alternate 

furrow irrigation (AFI with 75%) had the better yield and the 

optimum BCR when compared with FFI and CFI with the 

same application. 

Table 7. Benefit cost ratio per hectare of cabbage production. 

Treatment  
Water applied 

m3 ha-1 

Cost of labor 

and water (VC) 

Operation 

cost (FC) 

Total cost (TC) 

in ETB ha-1 

Marketable 

yield(kg ha-1) 

Gross Revenues 

(GR) in ETB 

Net Return 

(NR) in ETB 
BCR 

T1 5753.3 74830.03 9040.0 83870.0 65304.44 163261.1 79391.1 0.94 

T2 4315.0 56122.52 9040.0 65162.5 60333.33 150833.3 85670.8 1.31 

T3 2876.7 37415.01 9040.0 46455.0 54555.56 136388.9 89933.9 1.94 

T4 5753.3 74830.03 9040.0 83870.0 66655.56 166638.9 82768.9 0.99 

T5 4315.0 56122.52 9040.0 65162.5 56811.11 142027.8 76865.3 1.18 

T6 2876.7 37415.01 9040.0 46455.0 53255.56 133138.9 86683.9 1.87 

T7 6904.0 89796.04 9040.0 98836.0 72066.67 180166.7 81330.6 0.82 

T8 5178.0 67347.03 9040.0 76387.0 66377.78 165944.4 89557.4 1.17 

T9 3452.0 44898.02 9040.0 53938.0 56200.00 140500 86562.0 1.60 

BCR: Benefit cost ratio, VC: Variable cost (ETB ha-1) and FC: Fixed cost (ETB ha-1), T1, T2 and T3 for application level of (AFI) with 100%, 75% and 50% 

ETc respectively, T4, T5 and T6 for application level of (FFI) with 100%, 75% and 50% ETc respectively: T7, T8 and T9 for application level of (CFI) with 

100%, 75% and 50 % ETc respectively, ETB: Ethiopian Birr (Hint the home currency up to the paper of completion is 1 ETB = 0.045 US $) 

4. Discussion 

4.1. Water Productivity 

Crop water use efficiency (CWUE): Comparing the results 

of the three irrigation methods from the point of crop water 

use efficiency, it clearly confirmed that, alternate furrow 

irrigation followed by fixed furrow irrigation and 

conventional furrow irrigation had more beneficial use of 

water respectively. This result revealed that increasing water 

application decreases water use efficiency of crop. The 

results agree with [18] [19] who reported that CWUE values 

decreased with increasing water use. On the other hand, for 

all irrigation methods, as application levels increased the 

CWUE decreases, this prove that as depth of application 

increase water lose by Dee percolation, surface runoff and 

evaporation increase rather than water utilized by crop. 

Accordingly [20] reported, that crop water use efficiency for 

alternate furrow irrigation substantially increased as 

compared with conventional furrow irrigation for corn. 

Irrigation water use efficiency (IWUE): The result reported 

by [21] under a controlled environment study with maize, 

partial root zone irrigation applied at the jointing stage 

reduced water consumption by 12% and enhanced WUE by 

12%. Some author confirmed that significant improvements 

in IWUE have been associated with AFI [22] and [23]. 

Similarly [24] demonstrated that IWUE increased with a 

decrease in irrigation water. Moreover [25] for field grown 

potato showed that compared with FI (full irrigation), PRD 

(partial root drying) treatment saved 30% of water and 

increased water use efficiency. In contrast to this study [26] 

found that IWUE was highest in the full irrigated treatment. 

In general, differences between this study and above cited 

studies may be due to differences in the plant variety used, 

agro-climatic conditions of the region and cultivation 

periods. 

Economic water productivity (EWP): The reason behind 

this result is that, economic water productivity relies on the 

ratio of yield converted to value (cash) of marketable yield 

obtained by the amount of water applied on volume basis. 

Thus 50% ETc had least water application depth and also 

relatively lower yield produced, this resulted in superior 
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economic water productivity. The reviewed literature also 

confirmed the same idea of water productivity is 

considerably increased by using APRD (alternative partial 

root drying) on different crops [25] [27]. [28] also reported 

that PRD significantly reduced yield by 24%, while WP 

(water productivity) increased by 52% compared with the FI 

(full irrigation). [29] reported that WP under deficit irrigation 

ranged from a minimum of 16 kg m-3 in FI to a maximum of 

21.5 kg m-3 in PRD with 50% application level treatments. 

4.2. Significance of Irrigation Method and Application 

Levels on Cabbage Yield Optimization and Net Return 

Significance of Results: This study presents explicitly 

investigated water productivity of cabbage under different 

furrow irrigation methods and application levels. Hence, this 

leads or advances to qualify best furrow irrigation systems, 

while providing a framework for assessing potential future 

transitions of furrow irrigation methods, as likely reducing water 

requirement in view of producing optimum yield to meet 

increasing in food demand at water scarce area especially for 

developing country. Generally, it has been assumed that 

economic and agronomic control or water managements by 

improving existing surface irrigation methods including 

optimum application levels with modest yield reduction can 

improve net returns from additional irrigable area. 

From a sustainability perspective, the primary objective of 

this study whether furrow irrigation overdraft the reduction of 

irrigation water consumption to maximize cultivation land with 

little yield loses when compared with cultural or normal practice 

and optimize water productivity. Water saved through improved 

irrigation systems could allow for an expansion of cultivation 

land and increase crop production in water limited area. 

Farmers’ decisions are often driven by maximizing their return 

and rarely by environmental concerns; if they pursue efforts to 

save water, do they often use it to expand their irrigated areas or 

shift to higher value crops, rather than losing water allocation 

[30] [31]. 

Cost benefit and Economic analysis: Hence by using of 

appropriate irrigation methods and application levels were better 

for higher yield and could be economically attractive to increase 

crop production and productivity at water scarce or limited water 

and drought susceptible areas. Summing up in terms of NR and 

BCR alternative furrow irrigation show better when compared 

with FFI and CFI with synonymous application level. The report 

agreed and shared with [36] [37] [38] whom recommend that 

amongst the RDI (regulated deficit irrigation) approaches, 

alternate partial root-zone irrigation has been found to be most 

effective and efficient in saving water and improving WUE 

while maintaining crop productivity. 

5. Conclusion 

This study advocates that the technique of alternate 

furrow irrigations were substantially saved water than 

convectional furrow irrigation method in field conditions 

under water application level. From the result water saved 

alternate furrow (AFI and FFI) irrigation with 50% ETc 

ALs could save 58.33% of total net volume of irrigation 

water applied. With respect to physical water use efficiency 

and economic water productivity, summarized as follow: 

Mean maximum and minimum CWUE, IWUE and EPW 

were recorded by AFI and CFI respectively. For ALs crop 

and irrigation water use efficiency and EWP were 

increasing from 100% ETc (full irrigation) to 50% ETc. In 

the case of net return (NR) and benefit cost ratio (BCR) 

interaction of (and CFI), under 100% ETc, the highest was 

produced by alternate furrow (AFI and FFI) irrigation 

higher than CFI, under all water application depth. Finally 

the finding indorses that farmers can practice either 

alternate furrow irrigation (AFI and FFI) with of 100% 

application level or CFI with 75% ETc as a best option, this 

was identified as negligible yield reduction of less than 

10% as compared to every or convectional furrow irrigation 

with full water application. Another alternative option was 

observed AFI method indicates best BCR which 

preferentially selected at 100% and 75% deficit level over 

FFI with the same deficit level. 

 

References 

[1] Morison, J. I. L., N. R. Baker, P. M. Mullineaux, and W. J. 
Davies. 2008. Improving water use in crop production. Phil. 
Trans. Royal Soc. B 363: 639–658. 

[2] Evans, R. G. and E. J. Sadler. 2008. Methods and technologies to 
improve efficiency of water use. Water Resources Res. 44: 1–15. 

[3] Food and Agriculture Organization of the United Nations. 
2002. Crops and drops: Making the best use of water for 
agriculture Natural Resources Environ. Dept., FAO, Rom. 

[4] Tiercelin, J. R., Vidal, A., 2006. Traiteıd’Irrigation, ´ 2nd Ed. 
Paris, France. 

[5] Burt, C. M., Clemmens, A. J., Strelkoff, T. S., Solomon, K. 
H., Bliesner, R. D., Hardy, L. A., Howell, T. A., Eisenhauer, 
D. E., 1997. Irrigation performance measures: efficiency and 
uniformity. J. Irrig. Drain. Eng. 123, 423–442. 

[6] Ampas, V., Baltas, E., 2009. Optimization of the furrow 
irrigation efficiency. Glob. NEST J. 11 (4), 566–574. 

[7] Du, T. S., Kang, S. Z., Sun, J. S., Zhang, X. Y., Zhang, J. H., 
2010. An improved water use 
efficiency of cereals under temporal and spatial deficit 
irrigation in north China. Agric. Water Manag. 97 (1), 66–74. 

[8] Horst, M. G., Shamutalov, S. S., Pereira, L. S., Goncalves, J. 
M., 2005. Field assessment of the water saving potential with 
furrow irrigation in Fergana, Aral Sea basin. Agric. Water 
Manag. 77 (1–3), 210–231. 

[9] Mashori, A. S., 2013. Evaluation of the performance of the 
alternate furrow irrigation under climatic conditions of Sindh. 
In: M. E. Thesis. Sindh Agriculture University, Tandojam, 
Pakistan Mitchell, J. P., Shennan, C., Grattan, S. R. & May, D. 
M., Tomato fruit yields and quality under water deficit and 
salinity. J Amer Soc Hort Sci, 116, pp. 215-221, 1991. 

[10] Mitchell, J. P., Shennan, C., Grattan, S. R. & May, D. M., 
Tomato fruit yields and quality under water deficit and 
salinity. J Amer Soc Hort Sci, 116, pp. 215-221, 1991. 



131 Jemal Nur Hassene and Mukerem Taha Seid:  Comparative Performance Evaluation of Alternate and Convectional Furrow  
Irrigation under Different Water Application Level on Cabbage Water Use Efficiency and Economic Analysis 

[11] Behboudian, M. H. & Mills, T. M., Deficit irrigation in 
deciduous orchards. Hort Rev, 21, pp. 105-131, 1997. 

[12] Slatni, A., Zayanib, K., Zairia, A., Yacoubia, S., Salvadorc, R. 
& Playánc, E., Assessing alternate furrow strategies for potato 
at the Cherfech irrigation district of Tunisia. Biosystems 
Engineering, 108(2), pp. 154-163, 2011. 

[13] Nelson, D. J. & Al-Kaisi, M. M., Agronomic and economic 
evaluation of various furrow irrigation strategies for corn 
production under limited water supply. Journal of Soil and 
Water Conservation, 66(2), pp. 114-120, 2011. 

[14] Michael, A. M. 1997. Irrigation Theory and Practice. 
Pashurati Printers, Delhi. 

[15] Israelsen, O. W., and V. E. Hansen. 1980. Irrigation Principles 
and Practices. Jonsen Wiley and Sons, Inc. New York, London 

[16] Li, A., E. Eneji, L. Duan, S. Inanaga, and Z. Li. 2005. Saving 
irrigation water for winter wheat. 

[17] Horton D., 1982. Partial budget analysis for on farm potato 
research. Technical information bulletin 16. International 
potato center. Lima, Peru with phosphorus application the 
north China plain. Journal of Plant Nutrition 28: 2001-2010. 

[18] Gençoglan, C., and A. Yazar. 1999. The effects of deficit 
irrigations on corn yield and water use efficiency. Turkish J. 
Agric. Forest. 23: pp 233–241. 

[19] Zelalem shelemew. 2015. Response of maize to deficit 
irrigation under three furrow irrigation systems in adami tulu 
rift valley Central Ethiopia. M. SC. Thesis. Alemaya 
University, Ethiopia. 

[20] Awad Abd El-Halim. 2013. Impact of alternate furrow 
irrigation with different irrigation intervals on yield, water use 
efficiency, and economic return of corn. Chilean Journal of 
Agricultural Research 73(2) April-June 2013. Tanta 
University, Faculty of Agriculture, Tanta, Egypt. 

[21] Li F, C. Wei, F. Zhang, J. Zhang, M. Nong, S. Kang. 2010a. 
Water-use efficiency and physiological responses of maize 
under partial root-zone irrigation. Agrc, Water Manag 97: 
1156–1164. doi:10.1016/j.agwat.2010.01.024. 

[22] Zhang, J., S. Kang, Z. Liang., Y. Z. Pan, P. Shi, Y. H. Pan, Z. 
S. Liang, X. T. Hu, 2000. Soil water distribution, uniformity 
and water use efficiency under alternate furrow irrigation in 
arid areas. Irrig. Sci. 19: 181-190. 

[23] Kassaw Beshaw. 2011. Evaluation of alternate and surge flow 
furrow irrigation methods for onion production at humbo, 
southern Ethiopia. Msc.thesis, Haramaya University, Haramaya 

[24] Kirnak H., S. Demir, I. Tas, M. Cakmakli. 2002. Response of 
different irrigation water applications on yield and growth of 
lettuce grown in greenhouse. J Agric Fac Harran Uni. 6(1-2), 
47-54. 

[25] Shahnazari, A., Liu, F., Andersen, M. N., Jacobsen, S. E., 
Jensen, C. R., 2007. Effects of partial root-zone drying on 
yield, tuber size and water use efficiency in potato under field 
conditions. Field Crops Research, 100: 117-124. 

[26] Kadayıfcı A, GI. Tuylu, Y. Uçar, B. Çakmak. 2004. Effects of 
mulch and irrigation water amounts on lettuce's yield, 
evapotranspiration, transpiration and soil evaporation in 

Isparta location, Turkey. Journal of Biological Science 4(6): 
751-755. 

[27] Ahmadi, S. H., M. N, Andersen, F., Plauborg, R. T., Poulsen, 
C. R., A. R., Jensen, Sepaskhah, S., Hansen, 2010b. Effects of 
irrigation strategies and soils on field grown potatoes: Yield 
and Water Productivity. Agricultural Water Management, DOI 
10.1`016/j.agwat.2010.07.007. 

[28] Guang-Cheng, S., Zhan-Yua, Z., Nac, L., Shuang-Ena, Y., 
Weng-Ganga, X., 2008. Comparative effects of deficit 
irrigation (DI) and partial root zone drying (PRD) on soil 
water distribution, water use, growth and yield in greenhouse 
grown hot pepper. Scientia Horticulturae, 119: 11-16. 

[29] Mandefro Chala and Kokobe W/Yohannes. 2015. Effect of 
irrigation application levels on yield and water productivity of 
drip irrigated lettuce (Lactuca sativa l.), Gedio zone, southern 
Ethiopia. International journal of basic and applied sciences 
vol. 4. No. 4 2015. Pp. 229-234 (online version available at: 
www.crdeep.com) 

[30] Pfeiffer L. and Y. C. Lin. 2014. Does efficient irrigation 
technology lead to reduced groundwater extraction? Empirical 
evidence, J. Environ. Econ. Manag. 67, 189–208, Roi: 
10.1016/j.jeem.2013.12.002, 3596, 3615. 

[31] Shah, T. 2014. Groundwater governance and irrigated agriculture, 
TEC background papers no. 19, Tech. Rep. 19, Global Water 
Partnership Technical Committee, Stockholm, Sweden. Pp. 3615. 

[32] Li-Song Tang, Yan Li, Jianhua Zhang. 2005. Physiological 
and yield responses of cotton under partial root zone 
irrigation. Field crop research article in press. 
www.elsevier.com/locate/fcr. Fukang Station of Desert 
Ecology, Xinjiang Institute of Ecology and Geography, 
Chinese Academy of Sciences, 40-3 South Beijing Road, 
Urumqi, Xinjiang 830011, China. 

[33] Pravukalyan Panigrahi, Narendra Nath Sahu. Sanatan 
Pradhan. (2011). Evaluating partial root-zone irrigation and 
mulching in okra (Abelmoschus esculentus L.) under a sub-
humid tropical climate. Journal of Agriculture and Rural 
Development in the Tropics and Subtropics. Vol. 112 No. 2 
(2011) 169–175. 

[34] Siyal A. A., Mashori A. S, Bristow, K. L., Van Genuchten M. 
Th. 2016. Alternate furrow irrigation can radically improve 
water productivity of okra. Agricultural Water Management. 
Journal homepage: www.elsevier.com/locate/agwat 

[35] Doorenbos, J. and A. H. Kassam, 1979. Yield response to 
water. Irrigation and Drainage paper 33, FAO, Rome. 

[36] Hutton RJ, Loveys BR (2011). A partial root zone drying 
irrigation strategy for citrus—effects on water use efficiency 
and fruit characteristics. Agrc Water Manag. 98: 1485–1496. 
doi:10.1016/j.agwat.2011.04.010. 

[37] Yactayo W, D. A., Ramírez, R., Gutiérrez, V., Mares, A., 
Posadas, R., Quiroz., (2013) Effect of partial root-zone drying 
irrigation timing on potato tuber yield and water use 
efficiency. Agrc. Water Manag. 123: 65–70. 
doi:10.1016/j.agwat.2013.03.009. 

[38] Yang QL, F. C., Zhang, X. G., Liu, Z. Y., Ge. (2012b). Effects 
of controlled alternate partial root-zone drip irrigation on 
apple seedling morphological characteristics and root 
hydraulic conductivity. Chin J Appl Eco 23: 1233–1239. 

 


