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HIGHLIGHTS 

 A 70% ETc irrigation level combined with an alternate furrow irrigation technique can save a significant amount of 

irrigation water with little a yield penalty.  

 Similar to drip irrigation, alternate furrow irrigation's higher water productivity is primarily due to decreased soil surface 

evaporation. 

 In alternate furrow irrigation technique low yield of onion was obtained  despite of high water productivity  

 Using alternate furrow irrigation in areas that have limited water supplies allow  to incorporate more land under 

irrigation  

 AFI is an alternative irrigation method for those dominantly using furrow irrigation methods for efficient utilization of 

the scarce water resource 


 

Abstract 
 

The study was carried out at the Melkass Agricultural Research Experimental Field, Adama, Ethiopia, to assess the onion 

response to deficit irrigation under drip and surface irrigation methods. The experiment was laid out in RCBD design, 

split-plot arrangement and replicated thrice. Irrigation methods were employed for the main plot, and the sub-plots were 

divided into five irrigation levels: 100% ETc (full irrigation), 85% ETc, 70% ETc, 60% ETc, and 50% ETc. The irrigation 
was applied throughout the growing season. Onion vegetative parameters and yield were collected and analyzed. The 

study found that variations in yield, yield parameters, and water productivity were highly significant (P≤ 0.01). The results  

showed that when water deficit levels increased, onion bulb yield declined. In contrast, higher water productivity was 

observed as the level of water deficit increased. On average, the highest total onion bulb yield was observed (50.4 t/ha) by 

applying 100 ETc via   drip irrigation method. Although, 85%ETc and 70%ETc irrigation level irrigating via the same 

irrigation method were shows equivalent and non-significant variation on onion total bulb yield.  On the other hand, in 

furrow irrigation techniques the highest and the lowest onion yield was obtained irrigating conventionally (every other 

furrow) with 100% ETc irrigation level and vial Alternate furrow irrigation with 50% ETc level of irrigation respectively. 

However, acceptable yield variation and significantly higher WP were observed when irrigating via Alternate furrow 

irrigation technique with application of 85%ETc and 70% ETc irrigation level as compared to full irrigation using 

convectional furrow irrigation method. An Alternate furrow irrigation technique coupled with different level of irrigation 
could save substantial amount of irrigation water; thereby enable to irrigate more land and different types of crop in area 

where water was not enough for full irrigation.  Therefore, the study reveals that onions could be irrigated via drip and an 

Alternate furrow irrigation method combined with 85%ETc and 70%ETc of level irrigation to enhance water productivity 

without considerably reducing total onion bulb yield. 
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Introduction 

 Onion (Allium cepa L.) is the most important and 

marketable vegetable crop in the world. It is commonly 

grown as a means of generating revenue by numerous 

growers throughout the world. It is also one of Ethiopia's 

most important vegetable crops (Desalegne and Aklilu, 

2003). Both private large-scale farmers and small-scale 

farmers cultivate the crop extensively as a cash crop. The 

country has enormous potential for year-round production of 

onions for both domestic use and export. According to 

(Desalegne and Aklilu, 2003), most of Ethiopia's onion 

production takes place in the Central Rift Valley (CRV), 

despite the region's semi-arid climate and insufficient rainfall 
to meet the crops' needs for optimal yield. 

Vegetable production in the study area is primarily 

accomplished using the surface irrigation method, according 

to (Etissa et al., 2014). They also stated that the furrow 

method of irrigation is used by about 98.9% of vegetable 

farms. In atypical farming conditions, because of improper 

irrigation practices, less than half of the water delivered 

really reaches the root zone of the plant, regardless of the fact 
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that surface irrigation can be just 60% less effective (Sijali, 

2001). 

For the reason that, agricultural production and 

consumption account for more than 70% of water 

withdrawals in many developing nations, achieving more 

effective water usage is essential (Water, 2015). As the 

challenges of increasing irrigation water become more 

apparent, understanding how crop yields respond to water 

might help with the development of irrigation techniques for 

enhancing agricultural output. In general, agriculture may 

enhance water use efficiency in two ways i.e.  Reduce water 

losses and increase water yield. The first option is to increase 

water productivity by reducing water losses during 
production (i.e., reducing leakage or evaporative losses in 

water conveyance and application systems). The second way 

emphasizes on enhancing crop productivity, which involves 

growing more crops or generating more value per applied 

volume of water. Numerous researchers have used deficit 

irrigation and precision irrigation methods, including as drip 

irrigation, wide-spaced furrow irrigation, and skipped crop 

rows (alternate furrow irrigation, or AFI), to increase the 

effectiveness of water use (Postel, 2000; Kirnak et al., 2002; 

Bekele and Tilahun, 2007; Sepaskhah and Ahmadi, 2010). In 

AFI, some furrows receive irrigation while other furrows do 
not. Similar to drip irrigation, WP is primarily increased by 

decreased soil surface evaporation. These irrigation systems 

often result in a poorer yield despite having a higher 

WP.Water is provided near to the plant with the drip 

irrigation method, so that only the soil immediately 

surrounding the plant is moist. Direct evaporation from the 

soil surface and weed absorption are minimized as a result of 

not watering the entire soil surface between rows and plants. 

Furthermore, as demonstrated by various study findings, drip 

irrigation enhances crop output while decreasing water use 

for various crops (Postel, 2000; Tagar et al., 2012; Paul et al., 

2013; Enchalew et al., 2016). 

When there is a limited supply of water, using deficit 

irrigation (DI) rather than optimizing yields per unit of water 

may provide superior financial returns. The DI has been 
promoted as a method for increasing water productivity  by 

reducing crop water that has minimal effect on crop 

productivity (Kirda et al., 1999).  Deficit irrigation practices 

expose the crop to a predetermined degree of water deficit 

over the course of the growing season or for a set period of 

tim (Kirda et al., 1999). Various crops have been found to 

profit from DI techniques, and numerous researchers have 

noted that any yield losses that may arise from DI are 

compensated by the advantages of higher water save (Kirnak 

et al., 2002; Karam et al., 2003). Therefore, the goals of this 

study were to determine onion water productivity and study 

the effect of DI levels on onion bulb production and yield 
using alternate furrow irrigation techniques and drip 

irrigation systems. 

Materials and Methods 

Description of the study area  

The study was carried out at the Melkassa Agricultural 
Research Center in the Eastern Oromia region of Ethiopia 

during the dry season of the year 2017–18. The experimental 

place is situated at 8° 24' N, 39° 21' E, and 1,550 m a.s.l. 

latitude and longitude, respectively. The region's average 

annual rainfall is 824.9 mm, while its potential 

evapotranspiration is 220.77 mm. Low and unpredictable 

rainfall combined with semi-arid conditions and unimodal 

rainfall patterns define the region's climate. Approximately 

67.4% of the region's annual rainfall falls between mid-June 

and mid-September, with July and August seeing the highest 

amounts. 15 °C was the average annual temperature. The 

Malkassa soil laboratory determines the soil characteristics of 
the experimental region (Table. 1). 

 

Table 1 : Physical and Chemical Properties of Experimental Soils  

Sampling 

depth 

(cm) 

Particle size 

distribution (%) 

Texture 

Class pH 

ECE  

at 

25
0
C 

OM BD FC PWP TAW 

Clay Silt Sand USDA ds/m % g/cc v/v v/v Mmm
-1

 

0-15 26.5 45.0 28.5 Loam 6.74 0.22 7.40 1.09 36.84 22.67 142 

15-30 24.0 42.5 33.5 Loam 7.07 0.23 6.72 1.16 42.34 24.48 179 

30-45 29.0 35.0 36.0 Clay loam 7.08 0.30 5.24 1.18 46.37 27.73 186 

45-60 26.5 37.5 36.0 Loam 7.18 0.31 3.36 1.19 44.86 27.25 176 

Average 26.5 40.0 33.5 Loam 7.02 0.26 5.68 1.15 42.32 25.42 169 

BD, bulk density; FC, field capacity; PWP, permanent wilting point (ECe), the electric conductivity of soil; TAW, total 

available water; USDA, United States Department of Agriculture 

 

Experimental Procedures 

Split plots were used in randomized blocks with three 

replications in the experimental design. On a 3.6 m × 4 m 

plot with treatment settings in Table 2, the main plots were 

irrigation methods, and the subplots were irrigation levels. 

Other cultural management techniques, excluding applying 

irrigation water, were carried out in accordance with national 
recommendations. On October 14, 2017, onion seedlings 

were planted for nursery raising and transplanted after 45 

days. Plots, rows, and plants were spaced apart by 1 m, 0.30 

m, and 0.10 m, respectively. 
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Table 2 : Treatment setting for an experiment  

Treatment Treatment combination              Explanation  

T1 D*100%ETc Irrigation with 100% ETc. via Drip /control/ 

T2 D*85% ETc. Irrigation with 85% ETc. via Drip. 

T3 D*70% ETc.  Irrigation with 70% ETc. via Drip 

T4 D*60% ETc Irrigation with 60% ETc. via Drip 

T5 D*50% ETc Irrigation with 50% ETc.via Drip 

T6 AFI*85%ETc. Irrigation 85%ETc. via Alternate furrow 

T7 AFI*70% ETc. Irrigation 70% ETc. via Alternate furrow 

T8 AFI*60%ETc. Irrigation 60% ETc. via Alternate furrow 

T9 AFI*50%ETc. Irrigation 50% ETc. via Alternate furrow 

T10 EFI*100%ETc Conventional ( every other) furrow irrigation  

 

The drip system was made up of 16 mm diameter PE 

laterals. Each plot featured a 25 mm diameter PE manifold 
pipeline. The irrigation water, which was supplied from a 

1.5-meter raised gravity water tank, was delivered into the 

plot manifolds via HDP pipes 32 mm in diameter. The lateral 

lines had in-line compensating emitter pressure, and the 

emitters discharged at 0.6 Lh-1 at 0.15 bar operating pressure. 

The emitters' spacing was chosen at 0.20 m due to soil 

characteristics and the planting space of the crop. The drip 

irrigation system had five rows in each plot and 50 plants in 

each row, while in the furrow irrigation system, the plot had 

been designated with four furrows and three ridges as 

commonly experienced by farmers in the study area. For both 
irrigation methods, water was applied at five levels of 

irrigation: 100%, 85%, 70%, 60%, and 50% of ETc, but full 

irrigation (100% ETc) using a conventional furrow was taken 

as a control treatment. SAS 9.1 software was used to perform 

statistical analysis on the data. Descriptive statistics were 

used. To determine the statistical impact of the various 

irrigation schedules on onion yields and water productivities, 

an analysis of variance (ANOVA) was also applied. 

Crop Water Requirements 

Daily meteorological data from a nearby weather 

station (Malkassa Agricultural Research Center 

meteorological station) were used to estimate the reference 

evapotranspiration (ETo) using the FAO Penman-Monteith 
equation. The onion crop coefficients (Kc) provided (Allen et 

al., 1998; Bossie, Tilahun and Hordofa, 2009) 0.4 for the 1st, 

0.68 for the 2nd, 0.95 for the 3rd and 0.85 for the 4th growth 

stage were multiplied by the ETo values to determine the 

crop water requirements (ETc).                         

ETC = KC * ET0     (1) 

Irrigation was planned to avoid or reduce runoff and 
deep percolation. All treatments were irrigated at 5 days 

irrigation intervals for drip irrigation systems and once every 

10 days, as the usual trend of farmers in the area, for furrow 

irrigation systems where the amount of irrigation water was 

applied using partial flume. According to the ideal or "0% 

water deficit" irrigation method, the net amount of irrigation 

needed to replenish the soil moisture deficit was calculated. 

The depth for other treatments, on the other hand, was 

determined by the percentage of optimal watering. Effective 

rainfall was zero because there was no rainfall during the 

growth period. Hence, ETc was taken to be equal to net 

irrigation requirement (NIR). Table 3 displays the amounts of 
irrigation water used for each irrigation treatment. 

 

Table 3 : Crop water demand and irrigation water usage 

Treatments 
CWR ER NIR GIR 

mm mm mm mm 

D*(100%) 448.00 0.00 448.00 527.06 

D*(85%) 380.80 0.00 380.80 448.00 

D*(70%) 313.60 0.00 313.60 368.94 

D*(60%) 268.80 0.00 268.80 316.24 

D*(50%) 224.00 0.00 224.00 263.53 

AFI*(85%) 190.40 0.00 190.40 317.33 

AFI*(70%) 161.80 0.00 161.80 269.67 

AFI*(60%) 133.30 0.00 133.30 222.17 

AFI*(50%) 114.20 0.00 114.20 190.33 

CFI*(100%) 448.00 0.00 448.00 746.67 

CWR = Crop water requirement; ER=Effective Rainfall; NIR=Net irrigation requirement; GIR= Gross irrigation requirement  

 

Water productivity   

The harvested total onion yield in kilograms was 

divided by the unit volume of water in cubic meters or 
hectare meters to determine the WP (kg m-3) (Allen et al., 

1998). Both irrigation water productivity (IWP, kg/m
-3

) and 

total water productivity (also known as water usage 

efficiency, kg/m3) were calculated. 

C

a

ET

Y
WP      (2) 

gross

a

D

Y
IWP      (3) 

Where  

Ya= Actual onion bulb yield obtained in (Kg) 
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ETc= Actual water applied to the soil throughout the growing 

period (mm or m-3) 

Dgross= Gross irrigation water applied throughout the 

growing period (mm or m-3)     

Onion yield and yield increase data collection procedures  

To prevent border effects, the onion bulb yield was 

gathered and weighed from the center rows of each plot. 

According to size, the collected yield was divided into 

marketable and non-marketable categories of bulbs on bulbs 
on bulbs. Non-marketable onion bulbs were those with a 

diameter of less than 2 cm. (Desalegne and Aklilu, 2003). 

Each drip and furrow irrigated plot's yield was then measured 

in kg ha-1. The yield increase was calculated as follows: 

Increase in yield (%) 
1

21

Y

YY 
   (4) 

Where,  

Y1 = Yield obtained in drip irrigation system (kg ha-1) and 

Y2 = Yield obtained under furrow irrigation system (kg ha-1) 

Result and Discussion 

Onion bulb yield and yield characteristics 

Onion bulb production varied significantly (p< 0.05) 

depending on irrigation technique and volume of water 

applied (Fig. 1, a, and b). According to the data, the furrow 

irrigation method with appropriate irrigation provided a low 

output of (29.9 t ha-1) whiles the drip irrigation method 

produced a greater onion bulb yield (46.30 t h-1). 
 

 
Fig.1 : (a) irrigation methods and (b) deficit irrigation 

 

The irrigation level of 100% ETC, followed by an 

immediate deficit level of 85% ETC, resulted in the highest 

overall yield of the bulb 46.72t/ha and 42.14t/ha respectively. 

While treatment with 50% ETc deficiency irrigation level 

resulted in a minimum yield of 28.94 t/ha of onion bulbs 

(Fig.1 b). The adequate moisture in the rhizosphere, which 

showed no visible stress on several physiological processes 

and led to greater moisture uptake and ultimately higher plant 

development, yield, and yield characteristics, was attributed 

for the significant increase in yield components and yield. 

These conclusions concur with those made by (Sharda et al., 
2006; Spehia et al., 2013) Interestingly, the increased yield 

was obtained with full irrigation and decreased dramatically 

with deficiency irrigation. Similar result obtained by (Bekele 

and Tilahun, 2007; Zayton, 2007; Kumar, Lo and Chen, 

2008; Owusu-Sekyere, Asante and Osei-Bonsu, 2010).  

The bulb output was greatly impacted by the irrigation 

methods as well. Data from this study showed that, compared 

to furrow irrigation, drip irrigation produced a greater mean 

value of total bulb production (Fig.1 a). This is due to the fact 
that onions are a shallow-rooted crop that needs frequent 

irrigation to produce a satisfactory yield (Drinkwater and 

Janes, 1955). Onion under shortage of water experiences a 

decrease in evaporation, which affects yields (Sammis et al., 

2000). To sustain the onion bulb production in accordance 

with the irrigation water used, however, the combination of 

irrigation method and irrigation level indicated a promising 

result. Applying full irrigation using the drip irrigation 

method resulted in a noticeably greater yield (52.1t/ha). This 

finding demonstrates that applying a 15% deficiency using 

the same watering technique did not significantly alter the 

results. The treatment receiving 50%ETc utilizing an 

alternate furrow watering strategy yielded the lowest 

meaningful value of 17.49t/ha. This finding is explained by 

the fact that deficit treatment under AFI is subject to two 

irrigation water reductions i.e. “a double deficit scenario”, 

one as a result of a percentage evapotranspiration deficit and 

the other as a result of alternate irrigation (in this technique 

some furrows are irrigated, while adjacent furrows are not). 

Water use of onion and WP characteristics 

Compared to traditional furrow irrigation (T10), drip 

irrigation treatments (T1, T2, and T3) recorded yield 

increases of 26.0%, 19.8%, and 15.9%, respectively (Table 

4). Therefore, the study found that, compared to conventional 

furrow irrigation, a 15.9% higher yield of onions was 

attained even though 30% less water was given using drip 

irrigation (T3). Low yields from furrow irrigation may be 
caused by a lack of nutrients available for crop growth due to 

runoff and deep percolation, as well as a high weed 

infestation between the fields. The findings are consistent 

with (Howell, 2001; Postel et al., 2001) who indicated that 

drip irrigation systems can increase crop yields by 20–90% 

while reducing irrigation requirements by 20–70% when 

compared to surface irrigation. Similarly, according to 

(Halvorson, Del Grosso and Reule, 2008), drip irrigation 

guarantees 15% higher fresh onion yields and uses 57% less 

water than the furrow technique.  
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Table 4 : Treatment effects on yield and water productivity 

Treatment 

Total  

yield 

Increase  

in Yield 

Water  

used 

Water  

saved 
WP IWP 

Yield  

reduction 

ton/ha % mm m
-3

 mm % 
Kg 

ha-
1
m

-3
 

Kg   

ha
-1

 m
-3

 
ton/ha % 

T1 52.10 26.0 286.0 2860.0 494.0 63.3 18.2 11.1 0.0 0.0 

T2 49.53 19.8 243.1 2431.0 536.9 68.8 20.4 12.4 2.6 4.9 

T3 47.92 15.9 200.2 2002.0 579.8 74.3 23.9 14.4 4.2 8.0 

T4 42.89 3.7 171.6 1716.0 608.4 78.0 25.0 14.9 9.2 17.7 

T5 39.05 -5.5 143.0 1430.0 637.0 81.7 27.3 16.0 13.0 25.0 

T6 34.75 -15.9 331.5 3315.0 448.5 57.5 10.5 16.5 17.3 33.3 

T7 32.59 -21.2 281.8 2817.8 498.2 63.9 11.6 17.9 19.5 37.4 

T8 22.34 -46.0 232.1 2320.5 548.0 70.3 9.6 14.6 29.8 57.1 

T9 18.83 -54.5 198.9 1989.0 581.1 74.5 9.5 14.0 33.3 63.9 

T10 41.34 0.0 780.0 7800.0 0.0 0.0 5.3 8.8 10.8 20.6 

 
However, alternating furrow irrigation reduces 

irrigation water use by more than 50% when compared to 

conventional furrow irrigation at 70% and 80% ETc 

application levels. This enables us to water more land while 

also increasing bulb production per unit of land. Some 

furrows in AFI are watered while others are not, and WP is 

largely raised through reduced evaporation from the soil 

surface, similar to drip irrigation. In general, despite a higher 

WP, the use of such irrigation technology results in a lower 

yield (Sepaskhah and Ahmadi, 2010). The relative bulb yield 

of onions under AFI (yield per unit amount of water applied) 
was higher than those under CFI when water was not enough 

for complete irrigation. And also Alternate furrow irrigation 

technique coupled with different level of irrigation could 

save substantial amount of irrigation water; thereby enable to 

irrigate more land and different types of crop in area where 

water was not enough for full irrigation. 

Conclusion 

Drip irrigation greatly improves the growth and yield 
characteristics of onion crops when compared to furrow 

irrigation methods. When compared to other treatments, the 

application of 100% ETc irrigation level gave the highest 

onion production. The most water productivity is gained with 

the lowest quantity of water used in drip treatment, but the 

most water productivity is obtained with a treatment 

achieving 70% ETc irrigation level under AFI, followed by 

80%ETc with the same water application technique. AFI 

technique in conjunction with a 70% ETc irrigation level can 

conserve a significant amount of water while maintaining 

bulb production in regions with restricted water supplies. AFI 
approach can be utilized as an optional furrow irrigation 

strategy to conserve a significant amount of water and 

incorporate more land under irrigation with the saved water, 

since all onion producers in CRV in Ethiopia primarily use 

the furrow irrigation method. 
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