Evaluation of Alternative and Conventional Furrow Irrigation Methods on Onion Yield and Water Use Efficiency in Halaba Zone, Ethiopia. 
Abstract
The field experiment was conducted to evaluate the effect of different irrigation methods alternate furrow irrigation (AFI), conventional furrow irrigation (CFI), and farmers’ practice, on growth, yield, and crop water use efficacy of onion. Significant differences were observed among treatments for plant height   (PH), bulb weight (BW), bulb diameter (BD), crop water use efficiency (CWUE), marketable yield  (MY), unmarketable yield (UY), and total yield (TY). CFI recorded the highest PH (75 cm) and BW (6.7 g), while AFI produced higher BD (10.8 cm) and CWUI (19310 kg/m³). The farmer’s practice resulted in the lowest performance across all measured parameters, with reduced PH (57 cm), BW (4.7 g), and CWUI (15076 kg/m³). Total yield was highest under AFI (19,361 kg/ha), followed by CFI (19,937 kg/ha), and lowest under the farmer’s practice (15,515 kg/ha). The findings highlight the potential of improved irrigation practices to enhance onion productivity and water use efficiency compared to traditional methods.
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Introduction 
Onion (Allium Cepa L.) is a high-value horticultural crop in Ethiopia. It is grown in more than 130 countries worldwide. China and India are the world’s largest producers of onions, followed by the USA, the Netherlands, Egypt, and Iran (FAOSTAT, 2014).
Onion is widely used as a condiment to enhance the flavor of food. Almost all spicy dishes contain onion as one of the important ingredients used for culinary purposes. People consider it an indispensable part of the human diet. It is a rich source of several minerals and vitamins (Tindal, 1983, Raemaekers, 2001). Onion is also considerably important in the daily Ethiopian diet for the preparation of traditional foods. Some of the plant parts are edible; the bulbs and the lower section of the stem are the most popular as a seasoning or a vegetable in stews (MoARD, 2005).
Onion also has a long history of medicinal importance. Compounds from onions have been reported to have a range of health benefits, which include anticarcinogenic properties, antiplatelet activity, antithrombotic activity, asthmatic and antibiotic effects, and effectiveness against the common cold, heart disease, diabetes, osteoporosis, and other diseases (Griffiths et al., 2002).
Onions can be grown under a wide range of climatic conditions. However, their production is more successful under mild climates without extremes of heat or cold and excessive rainfall (Lemma, 2004).
Ethiopia’s diversified agro-climatic conditions, suitable for the production of a broad range of fruits, vegetables, and flowers, also allow successful production of onion (Lemma et al., 2006). Currently, onion is an important cash crop for Ethiopian farmers; the crop is produced in different parts of the country for local consumption and for the regional export market (MoARD, 2005). However, the best growing altitude for onions under Ethiopian conditions is between 700 and 1800 m above sea level (Lemma, 2004
Onion is predominantly produced by Ethiopian smallholder farmers in high and mid-altitude areas, mostly using a traditional production system (Kubsa et al. 2006). According to (CSA, 2014), the average annual production of onions is about 230,745.2 tons produced on 24, 375.7 hectares of land. About 705,877 households participate in onion production in the country. Its production is likely to increase in the near future because of the expansion of irrigable areas (MoARD, 2005). Annual per capita consumption of different vegetables in Ethiopia is 5.8 kg, of which onion consumption is 1.7 kg per capita (CSA, 2005).
Onions' productivity is often constrained by water scarcity and inefficient irrigation practices in semi-arid zones. Surface (furrow) irrigation dominates smallholder systems, but conventional application commonly incurs deep percolation and evaporation losses, depressing water use efficiency (WUE) and threatening sustainability as competition for water intensifies. Improving on-farm irrigation performance is therefore a national priority for resilient horticulture (Hailu et al, 2020). 
Alternate Furrow Irrigation (AFI), supplying water to alternating furrows in successive events, has been promoted as a pragmatic, low-cost strategy that can raise water productivity with minimal yield penalty compared with Conventional Furrow Irrigation (CFI). Multi-location studies on onion in Ethiopia and similar environments report that AFI can maintain or increase marketable yield while significantly improving crop water productivity relative to CFI, especially under moderate water stress or optimized irrigation scheduling (Gelu, 2022).  Recent verification and participatory demonstrations with farmers likewise indicate AFI’s advantage over CFI (and, in some cases, fixed furrow irrigation) in terms of yield, bulb traits, and WUE, supporting its suitability for smallholder adoption where water is limiting. 
Alternate furrow irrigation (AFI) is considered to be one of the most effective tools to minimize water application, irrigation cost, and produce a higher crop yield. It is a way to save irrigation water and improve irrigation efficiency (Shelemew et al, 2024)
A partial root zone drying system is a practice of using irrigation to alternately wet and dry at least two spatially set parts of the plant root system to simultaneously maintain plants' water status at maximum water potential and control vegetative growth for prescribed parts of seasonal plant development (Abera et al, 2020).
The Halaba Zone, located in the semi-arid regions of Ethiopia, in the semi-arid regions of Ethiopia, is characterized by recurrent water scarcity, which constrains agricultural productivity. Preliminary survey results identified irrigation water shortage as a major and prioritized challenge in Wera Zuria Woreda, necessitating the adoption of improved management strategies to optimize water use and ensure sustainable supply. Against this backdrop, the present study was undertaken with the objectives to evaluate the effects of alternative irrigation methods on onion yield and water use efficiency, and assess farmers’ perceptions of conventional versus alternative irrigation technologies.
MATERIAL AND METHODS 
Description of Study Area 
Halaba is a zone situated within the Central Ethiopia Region of Ethiopia, geographically positioned in the Great Rift Valley basin. The zone is bounded to the south by an exclave of the Hadiya Zone, to the south west by the Kambata Tembaro Zone, to west and north by the zone is bounded to the south by an exclave of the Hadiya Zone, to the southwest by the Kembata Tembaro Zone, to the west and north by the Hadiya Zone, to the northeast by Lake Shala, and to the east the Bilate River constitutes its principal water body and delineates its boundary with the Oromia Region. The zone is located approximately 321km south of Addis Ababa, the capital city of Ethiopia. Geographically, it extends between 7°10′40′′N and 7°36′0′′ latitude and 37°58′49′′ and 38°30′40′′ E longitude, with elevation ranging from 1527 to 2189 meters above mean sea level (a.m.s.l.).  [image: C:\Users\pc\Desktop\jurnal\Study area.jpg]
               Fig.1. Location map of the study 
Experimental Design and Treatments 
The treatment arrangement was set as a complete randomized blocks design with four replications. Each treatment has a 4 m × 4 m plot size. The space between plants, plant rows, and rows was 10cm, 20cm, and 40cm, respectively. The required crop water was calculated using the CROPWAT version 8 computer program, taking into account the climatic and soil properties of the study area (Allen et al., 1998). The improved Onion variety (Banboy Red) was grown in seed beds and transplanted on an experimental plot. 200kg/ha NPS and 100kg/ha urea were applied at the time of planting. The treatments were: Alternative furrow irrigation, Conventional furrow irrigation methods, and Farmer practice.
Soil Sample Collection and Analysis Methods 
The disturbed and undisturbed composite soil samples before planting from each treatment at a depth of 0-15cm, 15-30cm, and 30-60cm were collected and analyzed for different soil physical and chemical properties, such as: texture, bulk density, pH, permanent wilting point, and field capacity.  Soil texture was determined using the pipette method. This was done based on a direct sample of the density of the solution. The pH was measured in a 1:1 soil: water mixture by using a PH meter. The soil bulk density is well defined as the oven-dry weight of undisturbed soil over a given volume, as it occurs in the field. It was determined by the core sampler method. We collected a soil sample from the field, weighted the soil sample, and then it was placed in an oven dry at 105°C for 24 hours. After drying the sample, the soil was weighted for a second time for dry mass, and the bulk density was calculated using the following formula.
              
Where, pb = soil bulk density (g/cm3), Wd = weight of dry soil (g), and Vc = volume of core sampler (cm3).
 To measure the soil's infiltration rate, the double-ring infiltration meters were used.  The water content of permanent wilting point (PWP), and field capacity (FC) was determined by using a pressure plate apparatus applying a suction of 1/3 and 15 bars to saturated soil samples. When water stopped leaving the soil sample, the soil moisture was measured as FC and PWP, respectively.
Crop Data
The effective root zone depth (RZD) of onion ranged between 0.3-0.5m, and it has an allowable soil water depletion fraction (P) of 0.25. The average Kc was taken after adjustments had been computed for the initial, development, mid, and late season stages were 0.5, 0.75, 1.025, and 0.875, respectively.
Crop Water Determination
Crop evapotranspiration is the amount of water that is lost through evaporation, whereas crop water requirement is the amount that is needed to be supplied (Allen et al., 1998). Based on the determination of crop water requirement, the effect of climate on crop water requirement, which is the reference crop evapotranspiration (ETo), and the effect of crop characteristics (Kc) are very important (Doorebos and Pruitt, 1977). The long period and daily climate data such as maximum and minimum air temperature, relative humidity, wind speed, sunshine hours, and rainfall data of the study area were collected to determine reference evapotranspiration, crop data like crop coefficient, growing season, development stage, effective root depth, critical depletion factor of onion and maximum infiltration rate and total available water of the soil was calculated to determine crop water requirement using crop wat model.  


Where: ETo = reference evapotranspiration, ETC = crop evapotranspiration, and Kc = crop coefficient. 
Irrigation Water Management 
 Total available water (TAW), stored in a unit volume of soil, can be determined from the expression; 

The depth of irrigation water was calculated using the equation. 

The gross irrigation requirement was calculated from the expression: 

Ea = application efficiency of the furrow irrigation (60%) 
The time required to allocate the desired depth of water into each furrow was calculated using the equation: 

Where: t = application time (min), l = furrow length (m), d = gross depth of water applied (cm), w = furrow spacing in (m), and Q = flow rate or discharge (l/s). 
Data Collection and Analysis 
The study employed both qualitative and quantitative data approaches. The qualitative data were collected through focus group discussion using a semi-structured questionnaire, while the quantitative data were collected from the yield and yield components of the experimental plot. The soil moisture was determined by the gravimetrical method, and the depth of applied water to every treatment was measured by a Parshall Flume of 3-inch throat width. In three three-inch parshall flumes at 5cm head, the discharge was 1.705 liters per second. During harvesting, the weight of economic yield and unmarketable fruit weight was measured from the net harvested area of each plot.
Meteorological data such as minimum and maximum temperature, relative humidity, wind speed, daily sunshine hours, and rainfall were collected from the nearby weather stations to determine reference crop evapotranspiration. Evapotranspiration was calculated by using the Modified Penman-Monteith method (Allen et al., 1998).
Table 1. Mean monthly meteorological data and ETO value of the study area
	Month 
	Min 
Temp
	Max 
Temp
	Humidity 
	Wind 
	Sun
	Rad
	ETo

	
	°C
	°C
	%
	Km/day
	hours
	MJ/m2 /day
	Mm/day

	January 
	10.8
	27.6
	72
	69
	8.1
	19.9
	3.69

	February
	12.1
	28.1
	67
	69
	8.2
	21.1
	4.07

	March
	12.3
	27.7
	73
	69
	8.6
	22.7
	4.35

	April
	12.8
	27
	77
	69
	8.1
	22
	4.21

	May
	12
	26.8
	91
	69
	7.6
	20.6
	3.87

	June
	12.3
	25.2
	90
	95
	6.5
	18.5
	3.44

	July
	12.8
	23.5
	91
	52
	5.4
	17
	3.13

	August
	12.6
	23.7
	91
	35
	5.4
	17.5
	3.21

	September
	12.5
	25.1
	93
	69
	5.2
	17.3
	3.24

	October
	10.5
	26.6
	88
	69
	8.1
	21.1
	3.87

	November
	9.1
	27.1
	75
	86
	8.8
	21
	3.9

	December
	7.9
	27.7
	70
	86
	8.3
	19.7
	3.7

	Average
	11.5
	26.3
	82
	70
	7.4
	19.9
	3.72




Statistical Analysis 
The data were analyzed using Statistical Agricultural Software (SAS 9.0), and the least significant difference (LSD) was employed to see the mean difference between treatments. The data collected were statistically analyzed following the standard procedures applicable to RCBD with a factorial.
The treatments means that were different at 5% levels of significance were separated using the LSD test.
Result and Discussion
Physical and Chemical Properties of Soil
According to the USDA soil textural classification, the percent particle size determination for the experimental site revealed that the soil texture could be classified as sandy loam soil. The average bulk density of the experimental site was 1.26g/cm3, and the PH was 5.73.  The bulk density shows a slight increase with depth. This could be because of a slight decrease in organic matter with depth and increased compaction due to the weight of the overlying soil layer (Brady and Weil, 2002).
      Table 2. Input soil data for the CROPWAT model
	Soil  depth (cm)

	    Soil property                                                         
	0-15                   
	15-30             
	30-60                 
	Average

	Textural class
	Sandy loam
	Sandy loam
	Sandy loam
	Sandy loam

	Bulk density(g/cm3)
	1.2
	1.26
	1.32
	1.26

	FC (Vol %)
	13.8
	14
	16
	14.60

	PWP (Vol %)
	6.2
	6
	8
	6.73

	pH
	5.68
	5.73
	5.79
	5.73

	Infiltration rate =20mm/hr.
	 
	 
	 
	 



The basic infiltration rate in this experiment was found to be 20mm/hr. This means that a water layer of 20mm on the soil surface took one hour to infiltrate. In dry season, soil water infiltrates rapidly, and more water replaces the air in the pores.  The water from the soil surface infiltrates more slowly and eventually reaches a basic infiltration rate. The amount of water required by the onion was increased from the initial period to the mid period. From the initial period to the development period, the Onion attained its maximum crop coefficient, and there was high reference evaporation. In the late period, the water required was reduced due to a reduction in the crop coefficient value.
Response of Onion Yield to Furrow Irrigation and Water Productivity
The analysis revealed significant variation among irrigation treatments. CFI resulted in the tallest plants (75 cm) and heaviest bulbs (6.7 g), suggesting better vegetative growth and assimilate accumulation. AFI, however, produced the largest bulb diameter (10.8 cm) and the highest crop water use index (19310 kg/m³), indicating superior water use efficiency. These results demonstrate that AFI can optimize water utilization while sustaining yield.
Marketable yield (MY) was highest in AFI (51.67 kg/ha), significantly exceeding the farmer’s practice (439 kg/ha), which suffered from low irrigation efficiency and poor management. Although CFI slightly outperformed AFI in total yield (19,937 vs 19,361 kg/ha), the higher CWUI under AFI highlights its advantage in water-limited environments. Farmer’s practice consistently showed the lowest performance, reflecting inefficiencies in both yield and water productivity.
The results align with previous studies that reported the effectiveness of alternate furrow irrigation in improving water productivity without significantly reducing yield. Thus, AFI is particularly valuable under semi-arid conditions where water scarcity is a major challenge.
Table 3. The plant height, mean bulb diameter, crop water use efficiency, marketable, unmarketable, and total yield of Onion.
	TRT
	PH
(cm)
	BW
(gm)
	BD
(cm)
	CWUI
(kg/m3)
	MY
(kg/ha)
	UY
(kg/ha)
	TY
(kg/ha)

	AFI
	56b
	73.7a
	5.7ab
	10.8a
	19310a
	51.67b
	19361a

	CFI
	58a
	75a
	6.7a
	5.5b
	19842a
	94.67b
	19937a

	Farmer practice
	54c
	57b
	4.7b
	2.3c
	15076b
	439a
	15515b

	CV
	2.94
	3.03
	12.48
	4.08
	4.62
	22.83
	4.45

	LSD
	0.43
	1.14
	0.58
	0.1
	239.61
	36.4
	222.1


Means with the same letter are not significantly different at p< 0.05; LSD = least significant difference, CV = Coefficient of variation, PH = plant height, BW = bulb weight, BD = bulb diameter, CWUI = crop water use efficiency, MY = marketable yield, and TY = total yield.
Farmer Perception for Furrow Evaluation 
Farmer perception towards water saving techniques (where 1-poor, 2-good, and 3- very good)
	No. 
	Criteria’s 
	CFI
	AFI
	Farmer practice

	1. 
	Onion size
	3
	3
	2

	2. 
	Yield per plot
	3
	3
	2

	3. 
	Marketability
	3
	3
	2

	4. 
	Water saving
	2
	3
	1

	5. 
	Time and energy saving
	2
	3
	3

	Rank 
	2nd 
	1st 
	3rd 


Where CFI = conventional furrow irrigation and AFI = alternative furrow irrigation
Farmers’ perceptions of the different irrigation methods, including conventional furrow irrigation (CFI), alternative furrow irrigation (AFI), and  Farmer’s Practice, were assessed based on onion size, yield per plot, marketability, water saving, and time and energy saving.
Farmers ranked AFI as the most preferred irrigation method (1st rank) because it performed well in yield, onion size, marketability, and particularly water and labor saving. CFI was ranked 2nd, as farmers acknowledged its good performance in onion size and yield, but it was considered less efficient in saving water and labor compared to AFI. Farmer’s practice received the lowest ranking (3rd), as it was associated with smaller onion size, lower yield, poor marketability, and high water wastage, although farmers noted that it required similar time and energy as AFI.
Overall, farmers showed strong interest in AFI, recognizing it as a promising and water-saving irrigation method that balances productivity and resource efficiency. Their perception aligns with the experimental findings, which demonstrated AFI’s advantages in crop water use efficiency and yield sustainability.
Limitations 
The study was done at one site with certain soil characteristics. This might make it hard to apply the results to areas with different soil types, topography, or groundwater conditions. Soil texture and how water infiltrates it can greatly affect how well furrow irrigation works.
The experiment used onion as the test crop. This means the results might not directly apply to crops that have different water needs and root systems. We need to think about how each crop responds to irrigation methods before applying them widely.
Some things, like how evenly water was distributed, how level the field was, and how farmers managed the irrigation, might have caused some variation. It was hard to control these factors in a real field setting.
Conclusion and Recommendation  
The study demonstrates that irrigation methods significantly affect onion growth, yield, and water use efficiency. AFI improved bulb diameter, CWUI, and marketable yield, while CFI enhanced vegetative growth and total yield. The farmer’s practice resulted in the lowest performance, underscoring the inefficiency of traditional irrigation methods. Considering both yield and water productivity, AFI is recommended as a sustainable irrigation practice for onion production in semi-arid areas.
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