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EFFECT OF IRRIGATION METHODS AND IRRIGATION LEVEL  ON 

YIELD AND WATER PRODUCTIVITY OF ONION AT AWASH 

MELKASA, ETHIOPIA   

ABSTRACT 

Water is scarce resource in Central Rift Valley of Ethiopia and is major limiting factor for 

crop production. Onion is one of the major economically important vegetable crops grown 

under irrigation in central rift valley. The field experiment was conducted at Melkasa 

agricultural research center during the off-season to identify irrigation method and irrigation 

application level that maximizes productivity of onion per unit of water consumed and 

enhanced onion crop production. The experiment was carried out using split plot design in 

RCBD having six treatments with three replications. The experiment consisted of two 

irrigation methods viz., furrow irrigation and drip irrigation as main plot and three levels of 

Manageable allowable depletion viz., 120%, 100% and 80% of manageable allowable 

depletion as sub-plot. The analysis of variance revealed that irrigation methods and 

management allowed depletion levels had a significant (p<0.01 and p<0.05) effect on onion 

vegetative parameters like number of leaves per plant, plant height and leaf height and yield 

parameters like bulb diameter, bulb height, total bulb yield, marketable bulb yield, and water 

productivity. The highest and lowest onion vegetative and yield parameters were obtained 

from drip irrigation and furrow irrigation method respectively. Moreover, the highest and 

lowest onion vegetative and yield parameters were obtained from 80% and 120% management 

allowed depletion respectively. Further, their interaction had a significant effect on bulb 

diameter, total bulb yield, marketable bulb yield and water productivity. Nonetheless, they had 

no significant effect on number of leaves per plant, plant height, leaf height and bulb height. 

The maximum total bulb yield (41.76 t/ha), marketable bulb yield (38.39 t/ha), bulb diameter 

(6.02 cm) and water productivity (13.05 kg/m
3
) were observed from drip irrigation method at 

80% management allowed depletion application, while significantly lower of 34.48 t/kg, 31.6 

t/ha, 5.11 cm, and 6.84 kg/m
3
 respectively were recorded from furrow irrigation method at 

120% management allowed depletion application. Generally, drip irrigation was working 

efficiently according to its design and economically acceptable. Among all tested treatments 

drip irrigation method with 80% MAD was the best practice because of its high yield, water 

productivity and good return.  

Key words: Drip irrigation, Furrow irrigation, MAD, Onion, Water productivity  



 

 

1. INTRODUCTION 

Water is man kind’s most vital and versatile natural resource. It is also considered as an 

essential resource for irrigation. Irrigation can be defined as an artificial application of water to 

soil for the purpose of supplying the moisture essential in the plant root-zone to prevent stress 

that may cause reduced yield and/or poor quality of harvest of crops (Reddy, 2010).  

Irrigated agriculture is the largest water-consuming sector and it faces competing demands 

from other sectors, such as the industrial and the domestic sectors. The sector is also facing 

increasing challenges in the face of rapid population growth, decreasing availability of land 

and competition for scarce water resources. With an increasing population and less water 

available for agricultural production, the food security for future generations is at stake. Hence 

the key challenge for future is growing more food with less water by way of increasing crop 

water productivity (CWP). A higher CWP results in either the same production from fewer 

water resources, or a higher production from the same water resources, so this is of direct 

benefit for other water users (Kijne et al., 2003).  

The competition for existing freshwater supplies will require a paradigmatic shift from 

maximizing productivity per unit of land area to maximizing productivity per unit of water 

consumed. This shift will, in turn, demand broad systems approaches that physically and 

biologically optimize irrigation water relative to water delivery and application schemes, 

rainfall, critical growth stages, soil fertility, location, and weather (Evans and Sadler, 2008).  

Irrigation development is increasingly implemented in Ethiopia more than ever. Expansion of 

irrigated area combined with the efficient management of water will enhance the attainment of 

food security and poverty alleviation goals of the country. Although the country is well known 

for its vast water resources potential its erratic distribution both in space and time coupled with 

limited capacity is the most challenging problem that limited the contribution of the resources 

to the socio-economic development of the country (Mekonen, 2011).  

Agricultural production particularly vegetable crops are intensively cultivated under irrigation 

in Central Rift valley (CRV) Ethiopia. The region is a semi-arid with limited water resources. 

Considering increasing demand for water combined with high evapotranspiration rates in the 

region, effective and efficient use of existing water resources need to be discovered.  
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Onion is one of the most important vegetable crops widely grown and economically important 

vegetable crops throughout the world (Brewster, 1997). It is also widely cultivated as source 

of income by many farmers in many places of Ethiopia. The country has a great potential to 

produce the crop throughout the year both for local consumption and export. The majority of 

onion production is found in the CRV of Ethiopia. The climate and soil condition of the region 

favors the production of the crop.  

Traditionally, farmers in the central rift valley of Ethiopia have been using the most 

conventional surface irrigation system, most commonly the furrow irrigation system, for 

growing the crops. Furrow irrigation is characterized by low irrigation efficiency. Under 

common furrow irrigation, over irrigation is inevitable, particularly in the upper part of a field 

near the water source. Over-irrigation leads to greater water losses and leaches the pesticides 

and chemicals into the groundwater causing lower water application efficiency and pollution 

problems as well (Sharkawy et al., 2006). The crop productivity under furrow irrigation can be 

achieved by applying the required amount at the right time. The crop is shallow rooted and 

sensitive to water stress. As a result it is commonly given light and frequent irrigation to avoid 

water stress (Doorenbos and Kassam, 1996). Maximum yield could be achieved with the 

achievement of the entire crop water requirement. 

Drip irrigation is one of the most efficient forms of irrigation technology currently available. It 

is a technology by which water can be conserved and yield increase for farmers, especially 

those who are cultivating in semi-arid conditions of the world or in areas where competition 

over water resources is escalating. Drip irrigation offers many advantage over furrow 

irrigation including water saving, reducing labor required for irrigation, reducing soil erosion 

and increasing crop productivity. Therefore, the efforts are now warranted to harness the 

available quantities of water and put them to efficient use to realize higher productivity per 

drop (Solaimalai et al., 2005).  

On-farm water use efficiency and hence water productivity can be improved by moving to a 

more efficient irrigation system. Sprinkler and drip irrigation can save non-effective water loss 

(Ali and Talukder, 2008). Modernization and optimization of irrigation systems can contribute 

to increasing water productivity (Playán and Mateos, 2006).  
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Management allowed depletion (MAD), sometimes called the readily available water (RAM) 

is the fraction of the total available soil water which is most easily extracted by the plant roots 

without creating stress. The water content approaching permanent wilting point (PWP) cannot 

be easily extracted by the plant roots. As ET occurs, the soil water reservoir begins to be 

depleted. As the soil dries, the remaining water is held more tightly by capillary forces in the 

soil, making it more difficult for the plant to extract it. For this reason, ET will start to 

decrease long before the PWP is reached. Since the lowest ET will generally reduce yields, 

growers should irrigate before the root zone water content reaches the level that restricts ET 

(Palanisami, 2002).  

Hence, this study was initiated to identify appropriate irrigation method and optimal irrigation 

application level that will improve yield and water productivity of onion. As the general 

objective, this study was designed to identify irrigation method and irrigation application level 

that maximizes productivity of onion per unit of water consumed and enhanced onion crop 

production at Awash Melkasa.  

The study was conducted to achieve the following specific objectives: 

a) To evaluate the effects of furrow irrigation method under different soil moisture 

depletion levels on yield, yield components and water productivity of onion. 

b) To evaluate the effects of drip irrigation method under different soil moisture depletion 

levels on yield, yield components and water productivity of onion. 

c) Technical performance and economic evaluation of drip and furrow irrigation methods.   
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2. LITERATURE REVIEW 

2.1. Water Resources Potential of Ethiopia  

Ethiopia is endowed with abundant water resources. A large number of rivers flowing on 

either side of the rift valley form a drainage network that covers most of the country. Most of 

the rivers that carry the water resources, however, end up in neighboring countries hence 

making them international or Transboundary Rivers. The total surface water resources of 

Ethiopia, coming from the country’s twelve river basins, are estimated to be in the order of 

122 billion cubic meters per year. With regard to groundwater resources, the true potential of 

the Country is not yet known, however, it is widely reported that Ethiopia possesses a 

groundwater potential of approximately 2.6 billion cubic meters of groundwater (Awulachew 

et al., 2006).   

Ethiopia comprises 112 million hectares (Mha) of land. Cultivable land area estimates vary 

between 30 to 70 Mha. Currently, high estimates show that only 15 Mha of land is under 

cultivation. For the existing cultivated area, it is estimated that only about 4 to 5 percent is 

irrigated, with existing equipped irrigation schemes covering about 640,000 hectares. This 

means that a significant portion of cultivated land in Ethiopia is currently not irrigated.  

However, it is estimated that total irrigable land potential in Ethiopia is 5.3 Mha assuming use 

of existing technologies, including 1.6 Mha through RWH and groundwater. This means that 

there are potential opportunities to vastly increase the amount of irrigated land (Awulachew et 

al., 2010).  

The main sources of water for irrigation, livestock consumption and domestic use in Ethiopia 

are mainly from rivers/streams, groundwater, lakes and artificial ponds and surface water 

(seasonal). The distribution of these sources is uneven, in some areas abundant and in others 

scarce. This variability is mainly due to the diversified landscape and agro-climatic condition 

the country owns (Goshu, 2007)  

“Green water” i.e., rainfall as reported by Awulachew et al., (2005), is the major source of 

agricultural water in Ethiopia. They also further stated that the major problem associated with 

rainfall-dependent agriculture in the country is the high degree of variability and unreliability. 
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As a result, production capacity varies from region to region each year. Due to climate-

induced rainfall variability, dry spells, and drought, agricultural production often fails and is 

doing so more frequently over time. 

2.2. Irrigation Development in Ethiopia 

Gebremedhin and Asfaw (2015) reviewed the Ethiopian irrigation development systems and 

found that irrigation was practiced during ancient times in Ethiopia even if its exact date of 

emergence is unknown. Ancient use of irrigation water was through the use of surface 

irrigation methods and spate irrigation types. Modern irrigation was started at the Awash River 

basin with the bilateral cooperation of Ethiopia and Dutch company. This was started during 

the 1950s for the productions of commercial crops such as sugar cane and cotton. Irrigation of 

these crops was applied by surface irrigation methods and less efficient pressurized irrigation 

systems. 

Traditional small-scale irrigation schemes (SSIs) have existed for perhaps several hundred 

years, mostly developed by feudal landlords, notably in Hararge, Shewa, and Gojam. These 

developments were usually no more than a few hectares in area and diverted water from 

streams, often only to provide supplementary irrigation. Over the past few decades, many of 

these schemes have expanded as skills developed, irrigating areas of fifty or more hectares 

(Awulachew et al., 2006). 

Ethiopia's experience in large-scale irrigation development and management is in state 

enterprises, mainly growing industrial crops like cotton and sugar cane. The experience in 

modern small-scale irrigation (SSI) development and management started in the 1970s by the 

Ministry of Agriculture (MoA), in response to major droughts, which caused widespread crop 

failures and consequent starvation. The sector could be used to reduce family risks that are 

associated with crop failures resulting from droughts (Awulachew et al., 2006). 

2.3. Importance of Irrigation  

Irrigation is one means by which agricultural production can be increased to meet the growing 

food demands in Ethiopia. Increasing food demand can be met in one or a combination of 

three ways: increasing agricultural yield, increasing the area of arable land, and increasing 
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cropping intensity (number of crops per year). Expansion of the area under cultivation is a 

finite option, especially in view of the marginal and vulnerable characteristic of large parts of 

the country’s land. Increasing yields in both rainfed and irrigated agriculture and cropping 

intensity in irrigated areas through various methods and technologies are the most viable 

options for achieving food security in Ethiopia. If the problem is a failure of production as a 

result of natural causes, such as dry-spells and droughts, agricultural production can be 

stabilized and increased by providing irrigation and retaining more rainwater for in-situ 

utilization by plants (Awulachew et al., 2005).  

Heavy reliance on rain-fed agriculture, during conditions of very variable rainfall and 

recurrent droughts, affects agriculture and, hence, has adverse effects on the economy of the 

country. Enhancing public and private investment in irrigation development has been 

identified as one of the core strategies to delink economic performance from rainfall and to 

enable sustainable growth and development (World Bank, 2006; MoWR, 2002; MoFED, 

2006).  

Irrigation contributes to the national economy in several ways. At the micro level, irrigation 

leads to an increase in yield per hectare and subsequent increases in income, consumption and 

food security (Lipton et al., 2003; Hussain and Hanjra, 2004). Irrigation enables smallholders 

to diversify cropping patterns and to switch from low-value subsistence production to high-

value market-oriented production (Hagos et al., 2009). Irrigation can benefit the poor 

specifically through higher production, higher yields, lower risks of crop failure, and higher 

and all year round farm and non-farm employment (Hussain and Hanjra, 2004).  

Irrigation has shaped the economies of many semiarid and arid areas, permanently coloring the 

social fabric of numerous regions around the world. It has stabilized rural communities, 

increasing income and providing many new opportunities for economic advancement (Qadir et 

al., 2007). 

Irrigation in Ethiopia is considered as a basic strategy to alleviate poverty and hence food 

security. It is useful to transform the rain-fed agricultural system which depends on rainfall 

into the combined rain-fed and irrigation agricultural system. This is believed to be the most 

prominent way of sustainable development in the country (Gebremedhin and Asfaw, 2015).  
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The impact of drought on the overall macro-economy of Ethiopia is very significant. There is 

very strong correlation between hydrology and Ethiopia’s GDP performance. It is widely 

accepted that the Ethiopian economy is taken hostage to hydrology due to the so far 

insignificant infrastructural development in the water sector. Oftentimes, Ethiopia is ravaged 

by droughts, leading to dramatic slowdowns in economic growth. The development of water 

storage facilities which could be used, among other things, to develop irrigation is seen as a 

way of reducing Ethiopia’s dependence on the annual availability of rainfall (World Bank, 

2006). 

2.4. Irrigation methods  

2.4.1. Furrow Irrigation  

Furrows are small channels, which carry water down the land slope between the crop rows. 

Water infiltrates into the soil as it moves along the slope. The crop is usually grown on ridges 

between the furrows. This method is suitable for all row crops and for crops that cannot stand 

water for long periods, like 12 to 24 hours, as is generally encountered in the border or basin 

methods of irrigation. Water is applied to the furrows by letting in water from the supply 

channel, either by pipe siphons or by making temporary breaches in the supply channel 

embankment. The length of time the water is to flow in the furrows depends on the amount of 

water required to replenish the root zone and the infiltration rate of the soil and the rate of 

lateral spread of water in the soil (Reddy, 2010). 

Furrow irrigation is suitable to most soils except sandy soils that have very high infiltration 

water and provide poor lateral distribution water between furrows. As compared to the other 

methods of surface irrigation, the furrow method is advantageous as water in the furrows 

contacts only one half to one-fifth of the land surface, thus reducing clustering excessive 

evaporation of water. Furrows may be straight laid along the land slope, if the slope of the land 

is small (about 5 percent) for lands with larger slopes, the furrows can be laid along the 

contours (Reddy, 2010). 

Furrow irrigation is suitable for a wide range of crops, slopes, and soil types. Furrow irrigation 

is suitable for many crops, especially row crops (Namara et al., 2005). Crops those can be 
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damaged, if water covers their stem or crown, should be irrigated by furrows. Furrow 

irrigation is also suited to the growth of tree crops. In the early stages of tree planting, one 

furrow alongside the tree row may be sufficient but as the trees develop, then two or more 

furrows can be constructed to provide sufficient water (Awulachew et al., 2009). 

The shape, length, and spacing are determined by natural circumstances, i.e. slope, soil type 

and available stream size. However, other factors may influence the design of a furrow system, 

such as the irrigation depth, farming practice, and the field length. Uniform flat or gentle 

slopes are preferred for furrow irrigation. These should not exceed 0.5%. Usually, a gentle 

furrow slope is provided up to 0.05% to assist drainage following irrigation or excessive 

rainfall with high intensity. On undulating land, furrows should follow the land contours.  

Furrows can be used on most soil types. However, as with all surface irrigation methods, very 

coarse sands are not recommended, as percolation losses can be high. Soils that crust easily are 

especially suited to furrow irrigation because the water does not flow over the ridge, and so the 

soil in which the plants grow remains friable. In sandy soils, water moves faster vertically than 

sideways (lateral). Narrow, deep V-shaped furrows are desirable to reduce the soil area 

through which water percolates. However, sandy soils are less stable, and tend to collapse, 

which may reduce irrigation efficiency (Awulachew et al., 2009).  

2.4.2. Drip Irrigation  

Drip irrigation system is sometimes called trickle irrigation and involves dripping water onto 

the soil at very low rates (2-20 liters per hour) from a system of small diameter plastic pipes 

filled with outlets called emitters or drippers. Water is applied close to the plants so that only 

part of the soil in which the roots grow is wetted, unlike surface and sprinkler irrigation, which 

involves wetting the whole soil profile. With drip irrigation, water applications are more 

frequent than with other methods and this provides a very favorable high moisture level in the 

soil in which plants can flourish (Reddy, 2010). 

The drip irrigation system is particularly suited to areas where water quality is marginal, land 

is steeply sloping or undulating and of poor quality, where water or labor is expensive, or 

where high-value crops require frequent water applications. It is more economical for orchard 

crops than for other crops and vegetables since in the orchards plants as well as rows are 
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widely spaced. Drip irrigation limits the water supplied for the consumptive use of plants. By 

maintaining a minimum soil moisture in the root zone, thereby maximizing the water saving. 

A unique feature of drip irrigation is its excellent adaptability to saline water. Since the 

frequency of irrigation is quite high, the plant base always remains wet which keeps the salt 

concentration in the plant zone below the critical (Reddy, 2010). 

Drip irrigation is one of the latest innovations for applying water to row planted, widely 

spaced crops, especially in the water scarce areas. There can be considerable saving of water 

by adopting this method since water can be applied almost precisely and directly in the root 

zone without wetting the entire area. This technology not only uses each drop of water most 

efficiently but also results in good crop growth and yield advantage due to stable moisture 

content maintained always in the root zone of the crop by way of frequent irrigation at shorter 

intervals. Drip irrigation requires less irrigation water with increased irrigation efficiency and 

ensures uniform distribution of water and fertilizers as compared to conventional methods 

(Fanish et al., 2011). 

Drip irrigation can achieve 90-95% efficiency by reducing evaporation and deep percolation 

(Bresler, 1990; Savva and Frenken, 2002). In addition to this desirable feature of drip 

irrigation, uniform distribution of water is possible and it is one of the most important 

parameters in design, management and adoption of this system. Ideally, well designed system 

applies nearly equal amount of water to each plant, meets its water requirement and is 

economically feasible (Mizyed and Kruse, 2008). This method is profitability used in arid and 

semiarid areas where water is scarce and often poor in quality in respect of salt concentration 

and labor is expensive (Hillel, 2001).  

In drip irrigation system, only a fraction of the soil surface generally between 15 to 60 percent 

is wetted. Earlier, drip irrigation was considered as an emerging technology with its 

application limited to some special crops. The benefits of drip irrigation may include better 

crop survival, minimal yield variability, and improved crop quality. Several experiments have 

shown positive responses in most of the crops to high-frequency drip irrigation (Segal et al., 

2000). 
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Drip irrigation is often preferred over other irrigation methods because of its high water 

application efficiency on account of reduced losses, surface evaporation, and deep percolation. 

Because of the high-frequency water application, concentrations of salts remain manageable in 

the rooting zone (Fanish et al., 2011). 

A well-designed drip irrigation system benefits the environment by conserving water and 

fertilizer. A properly installed drip system can save as much as 80 percent of the water 

normally used in other types of irrigation systems. Another advantage to drip irrigation is that 

there is less evaporation from the soil, especially when drip irrigation is used with plastic 

mulch. Water is applied more evenly throughout the field, thus eliminating the need to run the 

irrigation longer to wet the whole field (Carter and Howell, 2000).  

In a study of Yildirim and Korukcu (2000) it was reported that drip irrigation generally 

achieves better crop yield and balanced soil moisture in the active root zone with minimum 

water losses. On average, drip irrigation saves about 70 to 80% water as compared to 

conventional flood irrigation methods (Camp et al., 2001).  

Highly efficient water use can be obtained with careful management of drip irrigation. This 

careful management requires providing the necessary water to meet evapotranspiration needs 

of the crop but avoiding increased irrigation above this point. More frequent irrigation above 

the required increase the non-beneficial components of the water balance and has both 

economic costs such as pumping cost, and social costs such as waste of the water resource and 

excessive drainage of possibly chemical-laden water (Lamm et al., 1995). Water savings were 

obtained by minimizing the non-beneficial components of the water balance while still 

maintaining the high level of transpiration necessary to attain high yields. With careful 

management, the non-beneficial components (runoff, evaporation and long-term drainage) can 

be minimized by drip irrigation resulting in increased water use efficiency without scarifying 

crop yield. 

2.4.3. Advantages and disadvantages of drip irrigation 

The advantages and disadvantages of drip irrigation are described below according to different 

authors (IDE, 2004; Awulachew et al., 2009). 
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2.4.3.1. Advantages 

Increased yield: - due to higher water use efficiency because of the precise application directly 

to the root zone and lower water losses due to reduced evaporation, runoff and deep 

percolation, improved fertilizer application and weed control. 

Water saving: - drip irrigation can achieve 90-95% water use efficiency compared to surface 

and sprinkler irrigation. This is because percolation losses are minimal and direct evaporation 

from the soil surface and water uptake by weeds are reduced by not wetting the entire soil 

surface between plants. Thus, a larger cropped area can be irrigated from a given supply of 

water. 

Labor saving: - less labor is required for irrigation, weeding, and fertilizer application as 

compared to traditional irrigation methods. 

Fertilizer saving: - fertilizer costs and nitrate losses can be reduced considerably with the 

precise application of nutrients using drip irrigation (fertigation). 

Low energy requirement: - a drip irrigation system increases irrigation efficiency and therefore 

requires less water to be pumped. Savings are also made because drip systems operate with 

gravity pressure or low pressure. 

Operate in difficult terrain: - drip systems can be used on undulated terrain (hilly area) where 

irrigation using open channels is difficult. 

Tolerance to salinity: - the drip lines are placed close to a row of plants and the root zone tends 

to be relatively free of salt accumulations as the salts always accumulate towards the edge of 

the wetted soil bulb. The accumulation of salts on a surface-irrigated field tends to be right in 

the middle of the root zone. 

Reduced cultivation costs: - less land preparation and weeding are required. Drip irrigation is 

the slow and regular application of water, directly to the root zone of plants, through a network 

of commercially designed plastic pipes with low discharge emitters. 
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2.4.3.2. Disadvantages 

Clogging of emitters: - the main problem associated with drip irrigation is clogging of the 

emitters. The causes of clogging are root penetration, sand, rust, micro-organisms or other 

impurities in the irrigation water or the formation of chemical properties. Brabben (2001) 

reported that the major technical problem with trickle irrigation is an emitter and lateral 

blockage from sand and silt, chemical precipitation from groundwater and algae from surface 

water. Care should be taken to filter the water properly before use, depending on the particular 

particle size and type of suspended material contained in the irrigation water. It is also 

necessary to flush drip lines at least once a month. 

Cost: - the capital costs required for trickle distribution systems are generally higher than those 

required for surface or sprinkler systems. However, recent advances have introduced some 

adaptations in the systems that are making them accessible to small-scale farmers. The 

development of low head emitters and simple filtration has reduced much of the initial capital 

investment necessary, making small-scale drip irrigation system affordable to smallholder 

farmers. The irrigation systems are available in affordable sizes at low price as compared to 

other costly irrigation systems. Moreover, as a result of continuous research, extension, and 

feedback from the field, the scientists introduced some economies such as planting two plant 

rows for each drip line to reduce the cost (Isaya, 2001). 

Water management: - with drip irrigation, farmers do not see water. This often results in over 

irrigation and the loss of the benefits of high irrigation efficiency. Over-irrigation will also 

make the soil excessively wet and therefore promote disease, weed growth and nutrient 

leaching (van Leeuwen, 2002). 

Restricted root zone: - plant root activity is limited to the soil bulbs wetted by the drip 

emitters- a much smaller soil volume than that wetted by full-coverage sprinkler or surface 

irrigation systems. Thus, if a drip irrigation installation fails (clogging), the crops will suffer 

more from drought than crops watered by sprinkler or surface irrigation. Under drip irrigation, 

the confinement of roots to a small soil volume means less available soil water storage for the 

plants (Awulachew et al., 2009). 
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2.4.4. Principles of Drip Irrigation Method 

Drip irrigation involves dripping water onto the soil at a very low flow rate from a system of 

small diameter plastic pipes fitted with outlets (drip emitters). The basic concept underlying 

the drip irrigation method is to supply the amount of water needed by the plant within a 

limited volume of soil and as often as needed. Water is applied close to the plant so that only 

the part of the soil immediately surrounding the plant is wetted. The volume of soil irrigated 

by each drip emitter and the water flow along the soil profile is the function of the 

characteristics of the soil (texture and hydraulic conductivity) and the discharge rate of the drip 

emitter. Applications are usually frequent (every 1-3 days) to provide a favorable moisture 

level for the plant to flourish (Isaya, 2001). 

Compared to the sprinkler and furrow irrigation methods (with the efficiency of 60-70% in 

high management systems), drip irrigation can achieve 90-95% efficiency (Isaya, 2001). With 

drip irrigation system, irrigation takes place on a frequent basis, enabling water manager to 

maintain the soil moisture at an optimum level. A well designed, well-maintained drip 

irrigation system can also apply water more evenly than other irrigation methods. These 

features lead to more uniform and higher crop yields per land unit (IDE, 2002). 

The basic components of any drip irrigation system include water source to provide the 

amount of water required at the necessary pressure to distribute and push water out of the drip 

emitters, control valve to open and shut off the water, flow meter to measure the amount of 

water moving through the system, filter to remove particles from the irrigation water that may 

clog the drip emitters, pressure regulator to regulate water pressure, main and sub-main lines 

to carry and distribute water to the drip laterals, drip laterals to carry the water and distribute it 

to the drip emitters, emitters to control the flow of water from the laterals into the soil and 

flushing manifold to washes sediments from the lateral lines. The coverage area determines 

the pressure required to overcome friction losses associated with water delivery and filtration 

(Isaya, 2001). 

According to IDE (2002), the arguments for drip irrigation is water saving, higher yields, 

energy saving, easier to harvest, less salinization and foliage remains dry (no leaf burning), 

fertilizers and pesticides can be delivered accurately to the cultivated plants, adaptability to 
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different landforms, suitability for different soil types, better vegetable hygiene in a drier soil, 

no need for drainage. Whereas, the problem in drip irrigation is clogging of emitters, 

mechanical damages, initial cost and not suitable for all the crops. 

2.5. Agricultural water management 

Hamdy et al. (2003) reported that unwise use of irrigation water through furrow irrigation 

methods has farther constrained the cropping intensities and crop yields. The main reason for 

this unwise use of water is to employ furrow water application practices like monitoring the 

crop canopy or using plant indicators, which only allows the farmer to decide when to irrigate 

and amount of water is applied just near to the top edges of the bund of the field, which results 

in the over irrigation. Thus appropriate time to the evapotranspiration requirements of the crop 

is the application of water through proper irrigation scheduling.  

Optimizing irrigation management and decreasing the overall volume of water applied through 

the use of drip irrigation can lead to other potential benefits such as reduced nutrient 

requirements and leaching (Eldredge et al., 2003; Reyes-Cabrera et al., 2014; Shock et al., 

2007). Drip irrigation has proved its superiority over another conventional method of 

irrigation, especially in the cultivation of fruits and vegetables due to the precise and direct 

application of water in the root zone. A considerable saving in water, increased growth, 

development and yield of vegetables under drip irrigation has been reported (Imtiyaz et al., 

2000). 

Water conveyance and application losses for flood are substantially higher, compared with 

other irrigation systems, such as sprinkler or drip irrigation. The findings of many research 

reports (Ferreira and Carr, 2002; Yuan et al., 2003) usually conclude that the less water used, 

the higher the irrigation water use efficiency. Drip irrigation has been shown to allow for 

reduced water application without negatively affecting yield and quality (Chawla and Narda, 

2001; Starr et al., 2008; Yuan et al., 2003). 

When compared to furrow irrigation in India, drip irrigated treatments yielded comparably 

with 30% less water applied (Chawla and Narda, 2001). Deficit irrigation or irrigating below 

ETc may also be possible through the use of drip irrigation. Yuan et al. (2003) found that it 

was possible to decrease water application up to 75% of ET replacement without affecting 
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yield based application rates with a drip on crop ET demand. The ability to irrigate below crop 

ET demand and reduce overall application rates can improve irrigation water use efficiency of 

crop production. 

Yildirim and Korukcu (2000) reported that trickle irrigation achieves better crop yield and 

balanced soil moisture in the active root zone with minimum water losses. On average, trickle 

irrigation saves about 70 to 80% water as compared to conventional flood irrigation methods 

(Ishfaq, 2002).  

Qureshi et al. (2015) conducted an experiment to study the effect of drip and furrow irrigation 

systems on sunflower yield and water use efficiency in the dry area of Pakistan and the results 

revealed that drip irrigation has the potential to save 56% water and increase sunflower yield 

by 26% over furrow irrigation. Drip irrigation system is efficient method having 3 times more 

water use efficiency than furrow irrigation system.  

Tagar et al. (2012) indicated that the drip irrigation method saved 56.4% water and gave 22% 

more yield as compared to that of furrow irrigation method. Halvorson et al. (2008) obtained 

higher fresh onion yields, irrigation water use efficiency, and economic returns with 

subsurface drip irrigation system compared to furrow irrigation systems. 

2.6. Soil Water Availability 

Total available soil water (TAW) 

According to Allen et al. (1998) and Zotarelli et al. (2010), soils hold different amounts of 

water depending on their texture. The upper limit of water holding capacity is often called 

field capacity (FC) while the lower limit is called the permanent wilting point (PWP). After 

heavy rainfall or irrigation, the soil will drain until field capacity is reached. Field capacity is 

the amount of water that a well-drained soil should hold against gravitational forces, or the 

amount of water remaining when downward drainage has markedly decreased. In the absence 

of water supply, the water content in the root zone decreases as a result of water uptake by the 

crop. As water uptake progresses, the remaining water is held to the soil particles with greater 

force, lowering its potential energy and making it more difficult for the plant to extract it. 

Eventually, a point is reached where the crop can no longer extract the remaining water. The 
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water uptake becomes zero when wilting point is reached. Wilting point is the water content at 

which plants will permanently wilt. 

Readily available water (RAW) 

According to Allen et al. (1998) and Zotarelli et al. (2010), depletion of the water content to 

PWP adversely impacts plant health and yield. Although water is theoretically available until 

wilting point, crop water uptake is reduced well before wilting point is reached. Where the soil 

is sufficiently wet, the soil supplies water fast enough to meet the atmospheric demand of the 

crop, and water uptake equals ETc. As the soil water content decreases, water becomes more 

strongly bound to the soil matrix and is more difficult to extract. When the soil water content 

drops below a threshold value, soil water can no longer be transported quickly enough towards 

the roots to respond to the transpiration demand and the crop begins to experience stress. The 

fraction of TASW that a crop can extract from the root zone without suffering water stress is 

the readily available soil water (RAW). Thus for irrigation purposes, a maximum allowable 

depletion/ management allowed depletion (MAD) which is fraction of total available soil 

water (TASW) representing allowed soil water depletion (ASWD)/ the RAW is essentially the 

operating range of soil water content for irrigation management. 

Soil moisture monitoring 

Soil moisture readings are useful to determine how much water is available for the crop, when 

to start irrigating, and how much water to apply. Soil moisture monitoring can help conserve 

water and energy, minimize pollution of surface and ground water, and produce optimum crop 

yields. Efficient scheduling of irrigation water applications gives the highest return for the 

least amount of water (Werner, 2002). 

A substantial suite of soil water sensors and technologies are available today, including 

gravimetric method, tensiometer, electrical porous blocks, neutron probe and Time domain 

reflectometer (TDR). Of these methods, gravimetric method is the most commonly used in the 

absence of the instrument.  This method gives an accurate measurement of soil moisture and is 

the basis by which all other methods are calibrated. But it does not provide immediate 

feedback of soil moisture, it is time consuming, and it can be messy (Werner, 2002). Also, by 

its nature, direct sampling cannot measure the water content in the same place twice. For work 



17 

 

 

that depends on the change in water content with time, this fact adds further variability to the 

data due to the inherent small scale variability of water content (Cepuder et al., 2008). 

2.7. Irrigation Scheduling 

Irrigation schedules are set times and intervals for irrigation. The irrigation time is determined 

by the water requirement for a given irrigation interval, water holding capacity of the soil and 

uniformity of irrigation systems. Irrigation interval depends on the daily water consumption, 

soil moisture storage capacity and readily available soil moisture to maintain the ideal soil 

moisture content for crop use (Barragan and Wu, 2001). 

Applications are normally timed to replace water before yield-reducing water stress occurs. 

Water losses occur mainly through crop evapotranspiration (ETc) and exact estimates of ETc 

are needed to accurately determine soil water depletion. Crop evapotranspiration depends on 

the weather and on plant and management factors. Assuming there is no plant stress, the actual 

evapotranspiration is at a maximum value. If properly irrigated, most crops will have the 

maximum evapotranspiration (Snyder, 2014). 

One of the more widely promoted procedures for irrigation scheduling is the water balance 

technique. The method involves maintaining a favorable soil water balance by monitoring all 

additions and losses of a field’s water. Often referred to as evapotranspiration or ET 

scheduling, the most important component of the water balance is an accurate estimate of crop 

water use. The ET-based water balance irrigation scheduling methods are increasingly being 

used throughout the world because they are easy to apply (Jones, 2004). The general approach 

to these methods is to maintain a running balance of current soil moisture available to the plant 

by tracking the ET losses and the additions from irrigation and precipitation. Because many of 

the components are estimated, a good field-check program is recommended to test that the 

calculations are correct (Snyder, 2014). 

2.8. Soil Water Depletion 

Soil water depletion (SWD) is the fraction of the available soil water that will be used to meet 

evapotranspiration (ET) demands. As ET occurs, the soil water reservoir begins to be depleted. 
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As the soil dries, the remaining water is held more tightly by capillary forces in the soil, 

making it more difficult for the plant to extract it. For this reason, ET will start to decrease 

long before the PWP is reached. Since the lowest ET will generally reduce yields, growers 

should irrigate before the root zone water content reaches the level that restricts ET. The 

smaller allowable depletions are required for sensitive crops at critical stages of growth and 

the vice versa (Palanisami, 2002). 

Irrigation is timed using a management allowable depletion (MAD), which is the maximum or 

critical soil water depletion (SWD) that is acceptable between irrigation applications. 

Irrigation events are usually timed so that applications are made the day before or after the 

SWD exceeds the MAD (Snyder, 2014). 

The management decision concerning the level of MAD is the one that must be done by every 

irrigation manager before irrigations are scheduled. Decreasing the MAD increases the 

frequency of irrigation (but decreases the amount per irrigation) to provide a more favorable 

crop root environment and reduce water stress during requirements because the soil will be 

maintained wetter (Kandiah, 2002). 

2.9. Water Productivity 

The water productivity term plays a crucial role in modern agriculture which aims to increase 

yield production per unit of water used, both under rainfed and irrigated conditions. It is a key 

parameter when assessing the performance of irrigated and rainfed agriculture that can be 

raised by either increasing the crop yields and/or decreasing all flows except transpiration. At 

field scale, this can be done by improving crop, soil and water management. The 

improvements include: selecting appropriate crops and cultivars; timely irrigation to 

synchronize water application with the most sensitive crop growth stages; nutrient 

management; drip irrigation. Water productivity (WP) is used exclusively to denote the 

amount or value of product over the volume or value of water depleted. Water Productivity is 

the relative quantity of crop yield per unit of water consumed (Kijne et al., 2003; Ali and 

Talukder, 2008).  



19 

 

 

Water use efficiency is referred to the crop dry matter or yield per unit of water used whereas 

water application efficiency (WAE) is the ratio between water stored in the root zone and 

water applied from the source during irrigation (Allen et al., 1998). Irrigation water use 

efficiency has been defined in agronomic terms as yield or economic yield per unit of 

irrigation water applied (El-Hendawy et al., 2008; Onder et al., 2005; Ozbahce and Tari, 

2010).  

Enciso et al. (2015) stated that drip irrigation systems more than double yields and increased 

onion size while using at least 44% less water. This was due to drip irrigation system allowing 

for more frequent application and smaller irrigation depths with higher irrigation efficiency 

than furrow irrigation systems.  

The drip irrigation system provides higher crop yields when compared to the furrow irrigation 

system to the same of planting areas and quantity of water. Trickle irrigation method saved 

88.32% water and gave 5.97% more yield as compared to that furrow irrigation method. 

Higher water use efficiency of about 0.038% was obtained in trickle irrigation method; 

whereas lower water use efficiency of about 0.004% was obtained in furrow irrigation method 

(Bazai et al., 2015).  

Teferi (2015) reported that drip irrigation method either alone or in combination with deficit 

irrigation, could increase the onion yield over surface irrigation method with the same quantity 

of water. In addition, higher irrigation water use efficiency of 7.1 kg/m
3
 was obtained in drip 

irrigation method which is 33.8% higher than the low irrigation water use efficiency of 4.7 

kg/m
3
 obtained under furrow method.  

2.10. Crop Water Requirement  

Water availability is the main limiting factor of crop productivity than all of the rests due to its 

paramount importance for normal plant growth and developments. Due to its shallow root 

system and it is a close spaced vegetable, onion performs better when irrigated at a short 

interval (Bagali et al., 2012). Mengistu et al. (2009) elaborated that, knowing of the water 

requirement and the coefficient values of the crop can help to accurately plan and manage the 

irrigation water for onion production at different locations even an area where a water shortage 

is very critical. Knowing of the individual crop water requirements help to produce more than 
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two times per annum to ensure the year-round production of onion in order to get a high return 

as well as to reduce the susceptibility of the crop to various diseases and insect pests.  

Crop water requirement (ETc) is defined as the depth of water needed to meet the water loss 

through evapotranspiration of a disease-free crop growing in large fields under non-restricting 

soil conditions, including soil water and fertility and achieving full production potential under 

the given growing environment. ETc represents the water used by a crop for growth and 

cooling purposes. This water is extracted from the soil root zone by the root system (Ali, 

2012). 

Reference crop evapotranspiration (ETo), is defined as the rate of evapotranspiration from an 

extensive surface of 8 to 15 cm tall, green grass cover of uniform height, actively growing, 

completely shading the ground and not short of water. The only factors affecting ETo are 

climatic parameters and do not consider crop and soil factors. ETo is expressed in mm per day 

and represents the mean value over a certain period. Methods used to estimate ETo include the 

Blaney-Criddle, Radiation, Modified-Penman, Penman-Monteith, and pan evaporation. 

Primarily the choice of a method must be based on the type of climatic data available and on 

the accuracy required in determining water needs. However, FAO Penman-Monteith method is 

now the sole recommended method for determining reference crop evapotranspiration (ETo). 

The Kc for a given crop changes over the growing period as the ground cover, crop height and 

leaf area change. There are four growth stages recognized for the selection of Kc namely; 

initial stage, crop development stage, mid-season stage and the late season stage. 

2.11. Agronomy of Onion 

Onion is a cool season biennial monocot with a prominent bulb, hollow cylindrical leaves and 

a strong odor when bruised (Casey and Garrison, 2003). The optimum temperature for plant 

development varies between 13 ℃ and 24 ℃, while, for raising seedlings, it requires up to 20-

25 ℃ and generally require high temperatures for bulbing and curing (Kalb and 

Shanmugasundaram, 2001). Light soil with good fertility and drainage and PH of 6.0-8.0 is 

preferred for onion production. Loam or clay loam soils are best suited for seed production 

(Olani and Fikre, 2010).  
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Onion plants usually require enough amounts of nutrients. Some pre-plant nitrogen is needed 

as a starter fertilizer to avoid losses through either leaching or volatilization while the plant 

roots are not developed enough to absorb the bulk application (Shock et al., 2000). After plant 

establishment, one or two side dressings of nitrogen fertilizers are required during the season. 

Insufficient nitrogen will induce early maturity and reduce bulb size, while high nitrogen may 

increase bulb size, but cause large nicks and soft bulbs.  

Managing the time and amount of applied irrigation is critical to achieve optimum yield and 

quality. Onions require light and frequent irrigation throughout the growing season for several 

reasons. The root system is shallow; therefore, more water is extracted from the top 0.3 m. So 

the upper soil areas must be kept moist to stimulate root growth. Rates of transpiration, 

photosynthesis and growth are lowered by even mild water stress (Voss et al., 1997). Irrigation 

frequency varies with the planting time of the year, development stage of crop, and the 

irrigation system used (Brouwer and Heibloem, 1990).  

Irrigation application every 2 to 4 days is commonly practiced for onion, and the water 

productivity ranges from 8-10 kg/m
3
. It requires 350-550 mm of water for optimum yield (35-

45 t/ha) under favorable climatic conditions. The crops require frequent, light irrigations 

which are timed when about 25% of available water in the first 0.3 m soil depth has been 

depleted by the crop (Doorenbos and Kassam, 1996). 

Onion bulbs are ready for harvest when greater than 75% of necks falls/bends down. Irrigating 

the fields should be stopped 2 weeks before bulb harvest. Onions are graded for size and 

shape, proper maturity and firmness (Olani and Fikre, 2010). Onions must also be free of 

splits, seed stems, dry sunken areas, roots, tops, translucent or watery scales, moisture, disease 

and insects (Shock et al., 2000). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

3.1.1. Location  

The field experiment was conducted at Melkasa Agricultural Research Center (MARC) of the 

Ethiopian Institute of Agricultural Research (EIAR). The center is located in Oromia regional 

state, Adama wereda, central rift valley of Ethiopia, at a geographical location of 8
ᵒ
24'36'' - 

8
ᵒ
26'24'' N latitude and 39

ᵒ
19'12'' - 39

ᵒ
19'48'' E longitude, with an average altitude of 1,550 m 

above mean sea level (Figure 1). 

 

Figure 1. Location of the study area (MARC) 

3.1.2. Climate 

According to the long-term (1977-2017 years) record of meteorological data of MARC, 

average annual rainfall in the area was 824.92 mm, which is erratic and uneven in distribution. 
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The site has a mean maximum and minimum temperature of 28.72 °C and 13.82 °C, 

respectively (Figure 2).  

 

Figure 2. Graph of long-term mean monthly rainfall, max and min temperature (MARC) 

3.1.3. Soil and water 

The dominant soil group of the study area is Andosol, which is made up of volcanic rocks 

called deposit pumice. The textural classification mainly varies from clay to clay loam (Ham, 

2008). The source of irrigation water is the Awash River. Farmers used to grow crops with 

irrigation from October to June. During the wet season (July to September) rain-fed crops are 

grown and supplemented with irrigation to improve production and productivity.  

3.1.4. Agricultural practices 

The crops grown in the area include pepper, tomato, onion, potato, haricot beans, sweet potato, 

papaya, banana, avocado, mango, wheat, maize, and teff. Farmers used to grow crops three 

times a year of which two of the season require (October to January and February to June) full 

irrigation and during the third season (July to September), supplemental irrigation support the 
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rainfall obtained in the season. Furrow irrigation is the most commonly practice particularly 

for vegetable crops and basin irrigation for fruit crops.  

3.2. Methodology  

3.2.1. Experimental design and treatments layout 

Treatments of the experiment consisted of two irrigation systems: furrow irrigation (FI) and 

drip irrigation (DI) and three level of management allowed depletion (MAD), or critical soil 

moisture depletion (ρ), viz., 120% MAD, 100% MAD and 80% MAD. The experimental 

design was split plot in a randomized complete block design with three replications, in which 

irrigation methods were assigned as the main plots and level of MAD as sub-plots. The 

experimental treatment combination and designation are given in table 1 and 2, respectively. 

Table 1. Treatment combination 

Sub-plot 

Irrigation Level 

Main-plot   -   Irrigation method 

Furrow Irrigation Drip Irrigation 

120% MAD T1 T4 

100% MAD T2 T5 

80% MAD T3 T6 

 

Table 2. Treatment description 

Treatment Description 

T1 Furrow irrigation method with 120% of MAD level  

T2 Furrow irrigation method with 100% of MAD level 

T3 Furrow irrigation method with 80% of MAD level 

T4 Drip irrigation method with 120% of MAD level 

T5 Drip irrigation method with 100% of MAD level 

T6 Drip irrigation method with 80% of MAD level  

 

The experimental field plot layout was made by dividing the field into three blocks and 18 

plots and each experimental plot has a plot size of 3.6 m by 4 m to accommodate five furrows 

with a spacing of 60 cm. The plots and blocks had a buffer zone of 1 m and 1.5 m between 

plots and blocks, respectively to eliminate the influence of lateral sub-surface water 

movement. 
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Figure 3. Layout configuration of the experimental plot 

3.2.2. Pre-experiment activities  

Materials such as Parshal flume, double ring infiltrometer, Auger, core samplers, meter, pegs, 

meteorological data and CROPWAT 8.0 software were obtained from MARC. CROPWAT 

8.0 software was used to determine daily crop water requirement. The amount of water 

supplied to each plot was measured using 3 inch Parshal flume. Double-ring infiltrometer was 

used to determine soil infiltration rate. Auger and core samplers were used to take soil samples 

for soil moisture determination and bulk density from the experimental field. 
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3.2.3. Installation of drip irrigation sets  

The drip irrigation system was designed and installed in such a way to maintain the required 

pressure at the end of the plot so that uniform water distribution at each emitter was obtained. 

There were 9 plots for drip treatments and laid out at 4 m length, five laterals per plot, 60 cm 

spacing between laterals and 20 cm interval between emitters with discharge rates of 2 lit/hr. 

The drip lines (laterals) of 16 mm diameter were unrolled and laid along the middle of two 

rows of the crop separated by 20 cm spacing. The drip system was served by water storage 

tank placed at 2 m height from the ground. The water distribution system components 

diameter of 32 mm mainline, 25 mm sub-main line were laid and connected to the water 

container to the individual drip lines. Gate valve was fixed on a mainline next to the filter to 

control the water flow to the field. The irrigation water delivered to each experimental plot 

was controlled by gate valve fixed on the manifold.  

3.2.4. Crop establishment and management practices  

Onion (Allium cepa L) seed variety Nafis with a growing season of 90-110 days was obtained 

from MARC and used as seed material for the experiment. The seeds were sown on well-

prepared nursery fields on January 24, 2018. The seedling management practice was made as 

per the MARC recommendation until seedlings reached the stage of transplanting. The 

seedlings were then transplanted on March 18, 2018, on well-prepared experimental plots on 

both sides of ridges at row and plant spacing of 20 cm and 10 cm, respectively. Each plot 

consisted of ten rows with a total number of 400 plants per plot. After transplanting, up to the 

tenth day, common irrigation (100% ETc) was applied to all plots for the better plant 

establishment. The control treatment (100% MAD) received irrigation water at management 

allowed soil moisture depletion (ρ =0.25) of the total available soil moisture throughout the 

crop growth stage. Other treatments received 120% and 80% of the control treatment. 

All cultural practices other than the variable factors are standard practices recommended for 

the area. Weeding and cultivation were performed by hand hoeing when deemed necessary. 

The recommended rate of 200 kg/ha DAP and 100 kg/ha Urea were uniformly applied to the 

plots. DAP was applied at planting time only whilst urea was applied in split application, half 

at planting and another half fifteen days after transplanting (Olani and Fikre, 2010). Disease 
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and pest managements were made as per the recommendation of agronomist at the research 

center. The chemicals Selecron and Redomil Gold were used according to the recommended 

rate, to protect the crop against harmful insects and fungus, respectively. The growing period 

of the crop was categorized into four distinct growth stages based on FAO’s recommendation 

(Allen et al., 1998). Initial (20 days), crop development (25 days), mid-season (45 days) and 

late season (20 days). 

3.3. Irrigation Water Management 

3.3.1. Crop water requirement 

The source of water for this experiment was from Awash River. Water quality analysis was 

made before the commencement of experiment. The reference evapotranspiration (ETo) was 

estimated using the FAO Penman-Monteith equation using daily meteorological data.  

𝐸𝑇𝑜 =
0.408∆(𝑅𝑛−𝐺)+𝛾

900

𝑇+273
𝑈2(𝑒𝑠−𝑒𝑎)

∆+𝛾(1+0.34𝑈2)
                                                   3.1 

where:  

ETo = Reference evapotranspiration (mm/day), Rn = Net radiation at the crop surface (MJ/m
2
 

per day), G = Soil heat flux density (MJ/m
2
 per day), T = Mean daily air temperature at 2 m 

height (°C), U2 = Wind speed at 2 m height (m/sec), es = Saturation vapor pressure (kPa), ea = 

Actual vapor pressure (kPa), es - ea = Saturation vapor pressure deficit (kPa), ∆ = Slope of 

saturation vapor pressure curve at temperature T (kPa/°C), γ = Psychrometric constant 

(kPa/°C).   

The crop water requirements (ETc) over the growing season were determined by multiplying 

the daily ETo value with the Kc-value. The Kc value was taken as Kc ini (0.5), Kc mid (1.05) and 

Kc end (0.85) respectively. For developmental stage (Kc dev) and late-season (Kc late), Kc values 

were determined by graphically (Allen et al., 1998).  

𝐸𝑇𝑐 = 𝐾𝑐 × 𝐸𝑇𝑜                                                                         3.2 

where:  

ETc is crop evapotranspiration (mm/day), ETo is reference crop evapotranspiration (mm/day) 

and Kc = crop coefficient.  
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3.3.2. Irrigation water application 

During irrigation, soil moisture level is raised to field capacity for each treatment. The soil 

water use in the experiment was obtained from routine measurements of soil moisture content 

by the gravimetric method. In this method, soil samples were collected with soil auger just 

before and after irrigation to compute soil water contents. The wet soil samples were placed in 

an oven dry at a temperature of 105 °C and dried for 24 hours. The gravimetric water content 

was converted to equivalent depth (D) from the expression: 

D = (
Ww−Wd

𝑊𝑑
) × BD × drz                                                         3.3 

where:  

D is the depth of available soil moisture in mm, Ww is wet soil weight in gm, Wd is dry soil 

weight in gm, BD is the soil dry bulk density in g cm
-3

 and drz is the sampling depth within 

the crop root depth in mm. 

The soil moisture depleted between irrigation was obtained from: 

𝑑𝑛 = 𝐹𝑐 − 𝐷                                                                            3.4 

where: 

 dn is the net irrigation requirement in mm and FC is the soil moisture content at field capacity 

in mm. 

3.3.3. Irrigation scheduling  

Total available water (TAW) was computed from the soil moisture content at field capacity 

and permanent wilting point using the following equation as indicated by Allen et al., (1998). 

𝑇𝐴𝑊 = (𝐹𝐶 − 𝑃𝑊𝑃) × 𝐵𝐷 × 𝐷𝑧                                                  3.5 

where:  

TAW is the total available water in the root zone (mm), FC and PWP are moisture content at 

field capacity and permanent wilting point (%), respectively and Dz is the maximum effective 

root depth of onion at times of irrigations (mm).  

For maximum crop production, the irrigation schedule was fixed based on MAD. The value 

of MAD was used as a guide for deciding when to irrigate. Irrigation water was applied when 
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the soil water deficit approaches or equal MAD to minimize water stress on the crop. The 

MAD for onion used in this study was 25% (ρ = 0.25) of the total available soil moisture 

(Doorenbos and Kassam, 1996). For maximum crop production, the irrigation schedule was 

fixed based on readily available soil water (RAW). RAW is the amount of water that crops can 

extract from the root zone without experiencing any water stress. The RAW was computed 

from the expression:   

𝑅𝐴𝑊 = 𝑇𝐴𝑊 × 𝜌                                                                     3.6 

where:  

RAW is in mm, ρ is allowable permissible soil moisture depletion and taken 0.25 for onion 

based on FAO’s recommendation for onion (Doorenbos and Kassam, 1996) and TAW is total 

available water in mm. 

Irrigation frequency which is defined as the frequency of applying water to a crop at a certain 

stage of growth was estimated using the following equation (Doorenbos and Pruitt, 1992; 

Hussein and Ermias, 2011).  

        𝑓 =
𝑅𝐴𝑊

𝐸𝑇𝑐
                                                                                      3.7 

where:  

f is irrigation frequency in day, RAW is in mm, and ETc is the mean daily crop water 

requirement (mm) 

The net depth of irrigation supplied at any time was obtained from a simplified water balance 

equation expressed as: 

    𝐼𝑛 = 𝐸𝑇𝑐 − 𝑃𝑒𝑓𝑓                                                                          3.8 

where:  

In is the net irrigation depth in mm, ETc is the crop water requirement in mm and Peff is 

effective rainfall in mm. 

The effective rainfall was estimated using the method given in CROPWAT software using 

dependable rain (FAO formula). 

𝑃𝑒𝑓𝑓 = 0.6 × 𝑃 − 10     𝑓𝑜𝑟 𝑚𝑜𝑛𝑡ℎ ≤ 70 𝑚𝑚                                 3.9 
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𝑃𝑒𝑓𝑓 = 0.8 × 𝑃 − 24   𝑓𝑜𝑟 𝑚𝑜𝑛𝑡ℎ > 70𝑚𝑚                                3.10 

where: 

P is rainfall in mm and Peff is effective rainfall in mm 

Note: denominator 3 is correction factors that CROPWAT applies to adjust formulas in the 

case of decade and daily rainfall data (for effective rainfall calculations daily data are 

aggregated per decade). 

The gross irrigation requirement was computed by adopting a field application efficiency of 

60% for furrow and 90% for drip irrigation method (Bresler, 1990). The gross irrigation 

requirement was computed as:  

   𝐼𝑔 =
𝐼𝑛

𝐸𝑎
                                                                                   3.11 

where:  

Ig is gross irrigation depth in mm, In is the net irrigation depth in mm and Ea is application 

efficiency (%). 

In the case of furrow irrigation, the determined amount of irrigation water applied to the plots 

was measured using a 3 inch Parshall flume. Accordingly, the time required to deliver the 

desired depth of water into each plot was calculated using the equation given below. 

𝑇 =
𝐴×𝐼𝑔

6×𝑞
                                                                                  3.12 

where:  

T is application time (min), Ig is the gross depth of water applied (mm), A is the area of the 

experimental plot (m
2
), and q is flow rate (l/s) at specific Parshall flume head.  

In the case of drip irrigation, the gross irrigation requirement was computed as: 

𝐼𝑔 =
𝐼𝑛×𝑊𝑎

𝐸𝑎
                                                                               3.13 

where: 

Ig is gross irrigation requirement in mm, wa is the wetting area in %, In is the net irrigation 

depth in mm and Ea is drip irrigation application efficiency in %. 

Time required to deliver the desired depth of water into each plot was computed from:  

𝑇 =
𝐼𝑔 𝑥 𝐴

𝑁𝑙 𝑥 𝑁𝑒 𝑥 𝑞
                                                                          3.14 
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where,  

T is time in hours, A is the plot area in m
2
, Nl is the number of lateral, Ne is number of 

emitters per lateral and q is emitter discharge in l/hr. 

3.4. Data Collection 

3.4.1. Climatic data 

Daily climatic data such as rainfall, temperature, relative humidity, sunshine hours and wind 

speed were obtained from meteorological station of the MARC. These data were used to 

determine the ETo and effective rainfall by CROPWAT 8.0 software. 

3.4.2. Determination of Soil Physical and Chemical Characteristics 

3.4.2.1. Soil sampling and analysis  

Representative soil samples were taken to investigate some properties of the soils (moisture 

content at field capacity and permanent wilting point, bulk density, organic matter, texture, 

electrical conductivity (ECe) and PH) of the study area. The samples were taken at 15 cm 

depth interval within the effective root zone, which was considered to be 50 cm for onion. 

This helped to determine the available moisture content of the soil and to draw inferences 

about the soil characteristics of the study area during the experiment. The analysis was 

conducted at Oromia water works design and supervision enterprise laboratory.  

3.4.2.2. Determination of soil physical characteristics 

Soil infiltration rate 

Soil infiltration rate is the rate at which a particular soil type will soak up available water. That 

is why different soils have different infiltration rate. Before the experimental work was started, 

the soil infiltration test was determined using double ring infiltrometer. The two rings have 30 

cm and 40 cm diameters were driven into the ground by a driving plate and hammer, to 

penetrate into the soil uniformly without tilt or undue disturbance of the soil surface to a depth 

of 15 cm. After driving was over, any disturbed soil adjacent to the sides tamped with a metal 

tamper. The purpose of the outer tube is to eliminate to some extent the edge effect of the 
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surrounding drier soil and to prevent the water within the inner space from spreading over a 

larger area after penetrating below the bottom of the ring. Drop in water level in the inner ring 

was recorded on the measuring rod and the level of water was brought back to approximately 

the original level maintaining the water level outside the ring similar to the inside whenever 

the level of water drops to a level that may not guaranty for next reading. Infiltration 

measurement was taken continuously up to constant value was reached and the depth of water 

levels infiltrated was measured at increasing time intervals. 

Soil texture 

Soil texture was determined by the hydrometer method and the soil textural class was 

determined using the textural triangle of USDA system. A hydrometer can be used to measure 

the density of a soil suspension after various times of settling and, hence, the particle size 

distribution. A soil suspension, the particles start settling down right from the start and hence 

the unit weight of the suspension varies from top to bottom. It can be established that the 

measurement of unit weight of the suspension at a known depth at a particular time provides a 

point on the grain-size distribution curve.  

Bulk density 

Soil bulk density is defined as the oven dry weight of soil in a given volume as it occurs in the 

field. It was determined by taking undisturbed soil samples from an effective root zone at 15 

cm interval using a known volume of core sampler. The soil samples were oven dried for 24 

hours at a temperature of 105 °C to remove the soil moisture in order to get the dry weight of 

the soil. Then, bulk density (ρb) was determined as (Arega and Tena, 2012):  

ρb =
Ms

Vb
                                                                                     3.15 

where ρb = Soil bulk density (g/cm
3
), Ms = the mass of soil after oven dry (g) and Vb = bulk 

volume of soil (cm
3
). 

Field capacity and permanent wilting point 
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The soil moisture content at field capacity (FC) and permanent wilting point (PWP) was 

determined after soil samples were saturated for one day (24 hours) using the pressure plate 

apparatus. Field capacity was determined by exerting a pressure of 0.33 bars and THE 

permanent wilting point was determined by exerting a pressure of 15 bars until no change in 

moisture was observed. The FC and PWP values were further used to determine total available 

water (TAW).  

3.4.2.3. Determination of soil chemical characteristics 

3.4.2.4. Organic matter and PH measurements 

The degree of acidity or basicity or alkalinity is expressed by PH. Hence, the PH of the soil 

was measured by means of PH meter in the supernatant suspension of 1:2.5, soil: liquid 

mixture as described by (Jackson, 1958). The percentage of organic carbon (OC) was 

determined following the wet digestion method as described by Walkley and Black (1934). 

OM content was then determined by multiplying OC by 1.724. The electrical conductivity of 

the irrigation water and the soil was determined using an electrical conductivity meter (EC 

meter). 

3.4.3. Drip uniformity parameters 

The uniformity of drip emitters was measured and checked by taking one plot from each block 

and seven emitters from each plot at equal intervals of the laterals. Cans were placed beneath 

the drip emitter, the water coming out of the emitters was collected for 1.2 hours and the 

volume of water was measured using a graduated cylinder. Emitter discharge was determined 

by dividing the volume of water collected by the time taken to collect that volume of water. 

The performance of drip irrigation system was evaluated using commonly used performance 

indicators such as distribution uniformity and coefficient uniformity. 

3.4.3.1.  Distribution uniformity (Du) 

Distribution uniformity is the ratio between the average discharge in the quarter receiving less 

water and the average discharge at the system level. It is used to describe the predicted emitter 

flow variation along a lateral line. 
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DU (%) was estimated as:  

𝐷𝑈 =
�̅� 𝑙𝑜𝑤𝑒𝑠𝑡 25%

�̅�
 × 100                                                                    3.16 

where, q̅ lowest 25% is average of the lowest quarter discharge, q̅ is average discharge 

3.4.3.2. Coefficient of uniformity (CU) 

It is also known as Christiansen’s uniformity coefficient or emission uniformity (EU) is 

defined as the ratio of the difference between the average amount applied and the average 

deviation from the average amount applied to the average amount applied. 

𝐶𝑈 = (1 − (
∑|𝑞𝑖−�̅�|

𝑛�̅�
)) × 100                                                         3.17 

where: 

qi is  dripper discharge, �̅�= average discharge and n = number of drippers 

3.4.3.3. Emitter flow variation (qv) 

The emitter flow variation was calculated using equation 

𝑞𝑣 =
𝑞𝑚𝑎𝑥−𝑞𝑚𝑖𝑛

𝑞𝑚𝑎𝑥
                                                                            3.18 

3.4.3.4. Coefficient of Manufacturer’s Variation (Cv) 

A parameter which can be used as a measure of emitter flow variation caused by variation in 

manufacturing of the emitter is called the coefficient of manufacturing variation (Cv). 

Coefficient of variation (Cv) is a statistical parameter expressed as 

𝐶𝑣 =
𝑆

�̅�
                                                                                      3.19 

Where, s is standard deviation of flow and q̅ is the mean flow for a sampled number of 

emitters of the same type tested at a fixed pressure.    

3.4.4. Wetting pattern of drip system 

Before the seedlings were transplanted, three emitters were sampled and the wetted diameter 

was measured at 0, 15, and 30 cm depth by excavating and exposing a vertical plane passing 

through the point of application. Wetted area of each emitter was then calculated as:  
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𝐴 =
𝜋𝐷2

4
                                                                                   3.20 

where:  

A is wetted area covered by each emitter in m
2
 and D is average wetted diameter covered by 

each emitter in m.  

Then total wetted area per plot was calculated by 

𝐴𝑡 = 𝐴 × 𝑁𝑒                                                                          3.21 

where: 

At is total wetted area per plot in m
2
 and Ne is number of emitters per plot.  

Percentage area wetted by drip irrigation was then calculated as:  

𝐴𝑤 =
𝐴𝑡

𝐴𝑝
× 100                                                                             3.22 

where: 

Aw is wetted area in percent, At is total area wetted under drip irrigation method per plot in m
2
 

and Ap is area of one plot in m
2
. 

 
 

3.4.5. Agronomic data 

Agronomic data including plant height, leaf height and a number of leaves per plant were 

taken from five plants randomly tagged from each experimental unit excluding the border 

rows and border plants, in the central rows. Plant height was taken by measuring the main 

stem height from the ground up to the tip of the leaf with the help of a ruler and the average 

plant height was recorded. All completely developed leaves of the same plants were counted 

and the average leaf number per plant was recorded. The leaf length of the same plants was 

measured from the leaf base to the tip and the average leaf length was recorded.  

Yield parameters data such as bulb height, bulb diameter, and bulb weight were also recorded 

from the same plants used for recording previous parameters. In order to assess the effect of 

treatments on water productivity, the onion bulb yield was collected and weighed from the 

central rows of each plot. The harvested yield was graded into marketable and un-marketable 

categories of onion bulb according to the size and degree of damage. Onion bulbs with less 

than 2 cm in diameter were categorized under non-marketable. The increase in yield due to 

drip irrigation was computed using the following equation (Teferi, 2015):  
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𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑦𝑖𝑒𝑙𝑑 = (
𝑌1−𝑌2

𝑌1
) × 100                                              3.23 

where,  

Y1 is yield obtained from drip irrigation system in kg/ha and Y2 is yield obtained under furrow 

irrigation system (kg/ha). 

3.4.6. Water productivity  

Water productivity (WP) was determined by dividing the total onion bulb yield to the net 

amount of irrigation water applied to the crop as indicated by the following equation (Illiassou 

et al., 2014): 

WP =
Y

ETc
                                                                             3.24 

where:  

WP is water productivity (Kg/m
3
), Y is total bulb yield per unit area (Kg/ha), ETc is crop 

evapotranspiration (mm).   

3.4.7. Water saving 

The water saving in drip irrigation method over furrow irrigation method was calculated as 

follows: 

Ws =
Wf−Wd

Wf
× 100                                                               3.25 

where:  

Ws is water saving (%), Wf is total water used in furrow irrigation method (m
3
/ha) and Wd is 

total water used in drip irrigation method (m
3
/ha) 

3.5. Economic Analysis  

Benefit-cost analysis was carried out to determine the economic feasibility of drip and furrow 

irrigation. The useful life of drip system was considered to be 5 years (Tiwari et al., 2003) and 

the discount factor is chosen as 15%. The cost of onion production includes expenses incurred 

in field preparation, cost of seeds, sowing, fertilizer, weeding, crop protection measures, 

irrigation water, and cost of drip set and harvesting. The income from produce was estimated 

using prevailing average market prices at the time the crop was harvested (11 Birr/kg). The 
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pricing level practiced in Awash River Basin (0.00015 US$/m
3
) which is low compared to in 

other countries (Mekonen et al., 2015). Therefore field price of water 1 Birr/238 m
3
 was 

considered. All costs and benefits were calculated on hectare basis in Ethiopian Birr (Birr/ha). 

The total cost of production, benefit-cost ratio, irrigable land by using saved water, net return 

from saved water and net return from cultivation of onion over 1 ha were then estimated.  

3.6. Data Analysis 

Data collected were subjected to statistical analysis of variance appropriate to split plot in 

RCBD using SAS 9.0 software. Whenever treatment effects were found significant, treatment 

means were compared using the least significant difference (LSD) method. Pearson correlation 

analysis was also used to determine the association of onion bulb yield and yield components. 
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4. RESULTS AND DISCUSSIONS 

4.1. Soil Characteristics at the Study Area 

The results of soil physical and chemical properties were presented and discussed below. 

4.1.1. Soil physical properties 

4.1.1.1. Particle size distribution /texture/ 

The particle size distribution of the soils at experimental site at different soil depths were 

presented in table 3. The percent particle size determination revealed that the soil texture is 

dominated by loam, while it was clay loam below 45 cm soil depth. Silt is the most dominant 

particle size in all layers.  

Table 3. Summarized soil particle size distribution 

Soil depth (cm) 

% Particle size distribution 

Textural class Sand (%) 

(2-0.05) 

Silt (%) 

(0.05-0.002) 

Clay (%) 

(<0.002) 

0-15 36 38 26 Loam 

15-30 30 44 26 Loam 

30-45 36 40 24 Loam 

45-60 34 36 30 clay loam 

Average 34 39.5 26.5 Loam 

 

4.1.1.2. Bulk density, field capacity, and permanent wilting point 

The bulk density of soil of the area shows a variation with depth (Table 4). It varies between 

1.09 to 1.23 g cm
-3

 and generally, the top surface soil has slightly lower bulk density than the 

subsurface. This may be due to compaction of soil in the lower depth of soil layer. Generally, 

the weighted average bulk density of the soil in the experimental station was 1.14 g cm
-3

. 

The moisture content at field capacity varies with depth that ranged between 35.5% and 39.9% 

on a weight basis. The topsoil surface was having lower field capacity (FC) while subsurface 

soil layers were having higher FC values on a weight basis. The observed soil moisture 

content at PWP was also has shown a variation with depth that ranged between 20.6% and 

22.8% on weight basis (Table 4).  
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The total available water (TAW) that is the amount of water that a crop can extract from its 

root zone was directly related to variation in FC and PWP. As a result, the highest value of 

TAW was found in the subsurface soil layers depth; whereas the lowest value was observed at 

the top surface of the soil. The representative value of TAW was computed by considering the 

average and was found to be 185.6 mm per meter depth of soil (Table 4). 

Table 4. Soil moisture constants and bulk density of experimental site 

Sampling depth (cm) Bulk density (gcm
-3

) FC (% wt.) PWP (%wt.) TAW (mm/m) 

0-15 1.09 35.5 20.6 162.4 

15-30 1.12 37 21.2 177.0 

30-45 1.12 39 21.8 192.6 

45-60 1.23 39.9 22.8 210.3 

Mean 1.14 37.8 21.6 185.6 

 

4.1.1.3. Soil infiltration rate 

The generated information on soil infiltration rate and cumulative infiltration from the field 

test data were presented in figure 4. The basic infiltration rate was about 12 mm/hr, this means 

that a water layer of 12 mm on the soil surface will take one hour to infiltrate (Appendix table 

2). At the beginning, water infiltrated rapidly. As more water replaces the air in the pores, the 

water infiltrates more slowly and eventually reaches a steady rate which is called the basic 

infiltration rate. This rate of infiltration is in the range of infiltration characteristics of loam 

soils (Brouwer and Heibloem, 1990; Andreas and Karen, 2002).   
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Figure 4. Soil infiltration rate of the experimental field 

4.1.2. Soil chemical properties 

Table 5 shows the results of PH, ECe and OM content of the experimental site. As shown in 

the table, the organic matter content decline with depth. The highest (2.07%) and the lowest 

(1.5%) organic matter contents were recorded at the surface (0-15 cm depth) and bottom (45-

60 cm soil depth) layers respectively. The average organic matter content of the soil was about 

1.8%. The PH of the experimental area varied with depth. The average value of the PH of the 

soil was about 6.47. This showed that the PH of the site is nearly neutral and suitable for crops 

(onion) production (Olani and Fikre, 2010). The average value of the ECe of the soil was 

about 0.16 ds/m.  

Table 5. Selected soil chemical properties of the surface of the experimental field 

Soil depth (cm) PH ECe (ds/m) OM (%) 

0-15 5.81 0.18 2.07 

15-30 6.65 0.16 1.88 

30-45 6.50 0.15 1.74 

45-60 6.91 0.16 1.50 

Average  6.47 0.16 1.80 
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4.2. Distribution Uniformity of Drip Emitters 

The measured values of emitter discharge uniformity parameters were presented in table 6. 

Analysis of data on emitter discharge observation under all parameters has shown better 

performance. The values of distribution uniformities (Du) and uniformity coefficient (Cu) 

were 97.57% and 98.20%, respectively. The field distribution uniformity was excellent, 

emitter coefficient of variation was good and according to Bralts (1986) emitter flow variation 

was acceptable.  

Table 6. Uniformity of drip irrigation 

Parameters Units Average 

Distribution uniformities (Du) % 97.57 

Emitter flow variation (qV ) % 6.77 

Coefficient of variation (Cv) % 2.10 

Uniformity coefficient (Cu) % 98.20 

 

4.3. Wetting Pattern of Drip System 

The result on wetting diameter for the drip system measured at 0, 15 and 30 cm depths is 

shown in figure 5. The wetted diameter was found to be widest at the surface and got narrower 

and narrower as the depth increased and with axially symmetrical pattern in a vertical direction 

(Appendix table 4). At the surface the total wetted area of the plot was 9.25 m
2
 which is 

around 60% of the total area of a plot. This is in agreement to the findings of Segal et al. 

(2000) who stated that only a fraction of the soil surface generally between 15 to 60 percent is 

wetted in drip irrigation system. Naglič (2014) reported that the wetted radius of wetting 

pattern for a given volume of water applied was larger for fine-textured soils, such as silt 

loam, silty clay, clay loam, sandy silt loam and clay and smaller for coarse-textured ones, such 

as sand, loamy sand, sandy clay loam and sandy loam. The wetted depth tends to be larger for 

coarse-textured soils, as sand, loamy sand and sandy clay. At the stage of surface drip 

irrigation system installation, the placement of the emitters above the soil surface causes water 

infiltration within a very small area compared to the total soil surface area. According to 

Gardenas et al. (2005) and Skaggs et al. (2010), the shape of the wetted soil volume under 

single drip emitter is influenced by soil hydraulic properties, soil texture, soil structure, 
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impermeable layers in the soil profile and anisotropy such as horizontal and vertical 

permeability.  

 

Figure 5. Wetted diameter of drip irrigation 

4.4. Crop Water Requirement  

The crop water requirements of onion under furrow and drip irrigation with 100% MAD were 

498.65 mm and 326.66 mm, respectively. The total net and gross irrigation water applied 

through both irrigation methods in the entire growing period of the crop is shown in table 7. 

The applied common irrigation water was 27.26 mm which was applied two times from 

transplanting up to ten days of crop growth. Relatively 2.59%, 59.51%, 60% and 61.04% of 

water were saved due to T3, T4, T5 and T6 respectively as compared to the control treatment 

(T2). The variation of net and gross irrigation requirement occurred between the irrigation 

methods were due to application efficiency of drip (90%) and furrow irrigation (60%) and 

only a fraction of the soil surface between 15 to 60 percent is wetted in drip irrigation system 

(Segal et al., 2000). 
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Table 7. Crop and irrigation water requirement of onion crop 

Treatments IRn (mm) Pef (mm) CWR (mm) IRg (mm) Rws 

(m
3
/ha) (%) 

T1 435.20 68.68 503.88 725.33 -87.17 -1.22 

T2 429.97 68.68 498.65 716.62 0 0 

T3 418.83 68.68 487.51 698.05 185.67 2.59 

T4 261.12 68.68 329.80 290.13 4264.83 59.51 

T5 257.98 68.68 326.66 286.64 4299.72 60.00 

T6 251.30 68.68 319.98 279.22 4373.94 61.04 

IRn = net irrigation requirement, IRg = gross irrigation requirement, CWR = crop water 

requirement, Pef = effective rainfall and Rws = relative water saved   

4.5. Effects of Irrigation Methods and MAD Levels on Crop Physiology 

The response of onion physiology like number of leaves per plant, plant height and leaf height 

to irrigation methods and MAD level is presented in table 8.  

4.5.1. Number of green leaves per plant 

The analysis of variance (Appendix Table 5) has indicated that there was a significant 

(P<0.05) effect on number leaves per plant due to irrigation methods. As shown in table 8, the 

highest leaf number per plant (13) was observed from the drip irrigation method while lower 

number of leaves per plant (12) was obtained from furrow irrigation method. Based on the 

results, the drip irrigation method resulted in increased leaf number by 7.7% as compared to 

furrow irrigation method. Channagoudar and Janawade (2010) and Bagali et al. (2012) 

reported that scheduling of drip irrigation significantly increased the growth parameters. 

Table 8. Effects of irrigation methods and MAD levels on crop physiology 

Treatments 
Number of Leaves 

per plant 

Plant height  

(cm) 

Leaf height  

(cm) 

120% MAD 11
c
 61.40

b
 56.93

b
 

100% MAD 12
b
 64.73

ab
 60.40

ab
 

80% MAD 13
a
 67.30

a
 62.83

a
 

LSD (0.05) 0.39 3.56 3.62 

CV (%) 2.39 4.15 4.53 

F 12
b
 62.60

b
 58.27

b
 

D 13
a
 66.36

a
 61.84

a
 

LSD (0.05) 0.58 2.74 2.16 

CV (%) 2.36 2.10 1.77 
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*Means followed by the same letter in a column per treatment factor are not significantly 

different from each other at a 5% probability level 

The analysis of variance also has shown that the different MAD levels had a highly significant 

(P<0.01) effect on a number of green leaves per plant (Appendix table 5). The result presented 

in table 8 indicates that the highest green leaf number per plant (13) was observed at 80% 

MAD and was significantly different from all other levels while the lowest number of leaf per 

plant (11) was observed from 120% MAD level. The result indicated that it is preferable to 

irrigate onion at shorter interval than recommended. When moisture in the root zone is closer 

to field capacity, the nutrient availability is high and the plant does not experience moisture 

stress at any stage of growth and development. Similar results of improved crop growth with 

irrigation or re-watering near field capacity were reported by Abbey and Joyce (2004) and 

Kumar et al. (2007) for growth parameters. The analysis of variance also showed that the 

interaction effect of irrigation methods and MAD levels was not significant for the number of 

green leaf per plant. 

4.5.2. Plant height 

The analysis of variance (Appendix table 6) has indicated that there was significant (p<0.05) 

effect on plant height due to irrigation application methods and MAD levels. The mean value 

of plant height recorded from drip irrigation method was higher and significantly (p<0.05) 

different from furrow irrigation. These findings agree with those of Bhonde et al. (2003); 

Bhasker et al. (2018) who reported that maximum plant height was recorded under drip 

irrigation method. 

As shown in table 8, the highest plant height (67.30 cm) was obtained from 80% MAD level 

and was not significantly different from 100% MAD level, while the shortest mean plant 

height (61.40 cm) was observed on the application of 120% MAD level and statistically not 

different with 100% MAD. The result obtained agrees with observations in other irrigation 

studies on onion by different researchers. The increasing of plant height with adequate soil 

moisture application is related to water in maintaining the turgid pressure of the plant cells 

which is the main reason for the plant growth (Doorenbos and Pruitt, 1992). This study 

outcome is in line with the research that was done by El-Noemani et al. (2009), indicated that 

soil water supply is directly proportional with plant height growth. The findings of many 
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researchers suggest that the fairly shorter interval of irrigation replenishes soil moisture on 15-

20 percent depletion, depending upon the type of soil, climate and season of cultivation. The 

reason for the better performance of this growth parameter due to the shorter interval of 

irrigation may be attributed to optimum soil water-air-balance around plant root zone. These 

results were in line with the results of Abbey and Joyce (2004) and Kadam et al. (2006). 

However, the analysis of variance (Appendix table 6) showed that the interaction of irrigation 

methods and MAD levels had no significant effect on plant height. 

4.5.3. Leaf height 

Analysis of variance in Appendix table 7 indicated that irrigation application methods and 

MAD level had a significant (P<0.05) effect on onion leaf height. The taller leaf height (61.84 

cm) was recorded from drip irrigation method which was significantly different from that of 

furrow irrigation (Table 8). The tallest leaf height of 62.83 cm was observed for 80% MAD 

which was not significantly different from the 100% MAD irrigation level. The least leaf 

height (56.93 cm) was recorded from 120% MAD and had no significant difference from 

100% MAD irrigation level. Generally, increasing trend in leaf height was observed with a 

decreasing MAD level indicating direct relationship between vegetative growth and irrigation 

frequency. This might be because plants did not suffer from water deficit in short irrigation 

intervals. Reducing the time interval between successive irrigations in order to maintain 

constant, optimal water content in the root zone may reduce the variations in nutrient 

concentration, thereby increasing their availability to plants (Silber et al., 2003). According to 

Radin et al. (1989), frequent irrigations prevent the large fluctuation in plant water stress 

caused by infrequent irrigations. The interaction effect of irrigation methods and MAD levels 

had no significant impact on leaf height (Appendix table 7). 

4.6. Effects of Irrigation Methods and MAD Levels on Yield and Yield 

Parameters 

4.6.1. Total bulb yield 

The analysis of variance (Appendix table 8) has shown that irrigation methods, MAD levels 

and their interaction had a highly significant (P<0.01) effect on total bulb yield. As shown in 
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table 9, the maximum total bulb yield (41.76 t/ha) was obtained under drip irrigation method 

with 80% MAD level which was significantly different from all other treatments. The lowest 

total bulb yield (34.48 t/ha) was obtained under furrow irrigation method at 120% MAD 

application. Generally, the total bulb yield increased as the MAD level decreased. The total 

yield obtained under furrow irrigation at 100% MAD application had no significant difference 

from drip irrigation at 120% MAD application and total yield obtained under furrow irrigation 

at 80% MAD application had not significant difference from drip irrigation at 100% MAD 

application. Studies have shown that frequently applied low irrigation water increases the yield 

because ET was higher when irrigation started at low soil water tensions (Stansell and Smittle, 

1989). The higher the irrigation frequency the smaller the wetted soil volume and the higher 

mean soil water content can be maintained in the wetted soil volume during a period when the 

total irrigation water is equal. High irrigation frequency might provide desirable conditions for 

water movement in soil and for uptake by roots (Segal et al., 2000). Several experiments have 

shown positive responses in some crops to high frequency drip irrigation (Segal et al., 2000; 

Sharmasarkar et al., 2001). 

Table 9. Effect of irrigation method and MAD levels on total onion bulb yield (t/ha) 

Irrigation 

methods 

MAD levels 

120%  100%  80%  Mean 

Furrow 34.48
d
 37.14

c
 40.60

b
 37.41 

Drip 36.35
c
 40.74

b
 41.76

a 
39.62 

Mean 35.41 38.94 41.18 38.51 

LSD (0.05) 0.96    

CV (%) 1.16    

*Means followed by the same letter are not significantly different from each other at a 1% 

probability level 

4.6.2. Marketable bulb yield 

The statistical analysis indicated that irrigation methods, MAD levels and their interaction had 

a highly significant (P<0.01) effect on marketable onion bulb yield (Appendix table 9). As 

indicated in table 10 furrow irrigation method has resulted in a low marketable bulb yield of 

(34.32 t/ha) as compared to that obtained under drip irrigation method (36.35 t/ha). Based on 

the results, the drip irrigation method was resulted in increased marketable bulb yield by 

5.91% as compared to furrow irrigation method. The low marketable bulb yield from furrow 
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irrigation might be due to less availability of nutrients for crop growth due to leaching 

(Pattanaik et al., 2003). In drip irrigation system, water is applied at a low rate for a longer 

period at frequent intervals near the plant root zone through lower pressure delivery system, 

which increases the availability of nutrients near the root zone with a reduction in leaching 

losses. Drip irrigation ensures optimum growth, better bulbing and early maturity of crops by 

assuring optimum soil moisture, water, air and nutrients throughout the crop growing period 

resulting uniform bulb obtained and correlated to the highest bulb size and productivity, 

whereas in surface irrigation yield decreased due to deep percolation and water is lost beyond 

the active absorption zone of the root system as an onion is shallow rooted crop. These results 

agree with the results of Hanson and May (2003), Tripathi et al. (2010) and Bhasker et al. 

(2018).  

The highest marketable bulb yield (37.85 t/ha) was obtained under 80% MAD and the smallest 

marketable bulb yield (32.44 t/ha) was observed under 120% MAD. There was a marketable 

bulb yield reduction 9.18% observed under the 120% MAD and a bulb yield increment of 

5.96% was observed under the 80% MAD when compared with the 100% MAD level 

application. This reveals that there was a decreasing trend in bulb yield for an increase in 

MAD level, indicating that increasing the irrigation application interval resulted in a 

corresponding decreasing of mean yield values. Increased bulb yield of onion by a shorter 

interval of irrigation may be due to the better performance of growth parameters like plant 

height and number of leaves. The shorter interval of irrigation ensures the optimum growth of 

the crop by assuring balanced water and nutrient supply throughout the crop growth period. 

The current result agreed with study result of Quadir et al. (2005) and Bagali et al. (2012).  

As shown in table 10, the highest marketable bulb yield of 38.39 t/ha was obtained from drip 

irrigation at 80% MAD application and significantly different to all other treatments. The 

lowest yield of 31.6 t/ha was obtained from furrow irrigation at 120% MAD application and 

had significantly different to all other treatments. The bulb yield obtained from furrow 

irrigation at 100% MAD application had no significant difference with drip irrigation at 120% 

MAD application. The bulb yield obtained from furrow irrigation at 80% MAD application 

had no significant difference with drip irrigation at 100% MAD application. The current result 

was in confirmation with study result of Bagali et al. (2012) who reported that scheduling of 
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drip irrigation at shorter intervals significantly increased the growth parameters and 

significantly higher bulb yield as compared to flood irrigation. This was because of the 

balanced availability of moisture, air, and nutrients throughout the crop growth period. The 

crop like onion performs better when irrigation is given on depletion of 15-20 percent soil 

moisture of the field capacity. Drip irrigation system maintains soil physical conditions in 

congenial form for plants growth by maintaining optimum soil-water-balance around plant 

bases. This is the reason for higher yield by the treatments with drip irrigation method at 

shorter intervals of irrigations.  

Table 10. Effect of irrigation method and MAD level on marketable bulb yield (t/ha) 

Irrigation 

methods 

MAD levels 

120%  100%  80%  Mean 

Furrow 31.60
d
 34.05

c
 37.30

b
 34.32 

Drip 33.28
c
 37.39

b
 38.39

a
 36.35 

Mean 32.44 35.72 37.85 35.34 

LSD (0.05) 0.92     

CV (%) 1.17     

*Means followed by the same letter are not significantly different from each other at a 1% 

probability level. 

4.6.3. Bulb diameter  

The analysis of variance indicated that MAD level had a highly significant (P<0.01) effect on 

bulb diameter. The irrigation method and interaction had a significant (P<0.05) effect on bulb 

diameter (Appendix table 10). As indicated in table 11, the largest bulb diameter (5.73 cm) 

was obtained from the drip irrigation method which was significantly (P<0.05) different from 

that obtained from furrow irrigation method (5.51 cm). The drip irrigation method was 

resulted in increased bulb diameter by 3.84% as compared to furrow irrigation method.  

The largest bulb size (5.87 cm) was obtained from 80% MAD and was significantly different 

to all other treatments, while the smallest bulb diameter (5.28 cm) was obtained from 120% 

MAD. There was a bulb size reduction of 7.53% observed under the 120% MAD and a bulb 

size increment of 2.8% observed under the 80% MAD when compared with the 100% MAD 

level. This reveals that there was a decreasing trend in bulb size for an increase in MAD level, 

indicating that increasing the irrigation application interval was resulted in a corresponding 

decreasing of mean bulb size. The shorter irrigation interval ensures the optimum growth of 
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the crop by assuring balanced water and nutrient supply throughout the crop growth period. 

Al-Moshileh (2007), reported that bulb diameter increased with increasing soil moisture level. 

The study by Ayas and Demirtaș (2009) indicates that bulb diameter has an increasing trend 

with the level of irrigation application. 

As depicted in table 11, the highest bulb diameter of 6.02 cm was obtained from drip irrigation 

at 80% MAD application and significantly different from all other treatments. The lowest bulb 

diameter of 5.11 cm was obtained from furrow irrigation at 120% MAD application and 

significantly different from all other treatments. The bulb diameter obtained from furrow 

irrigation at 100% MAD had no significant difference from that of furrow irrigation at 80% 

MAD application and drip irrigation at 100% MAD application.  

Table 11. Effect of irrigation method and MAD level on bulb diameter (cm) 

Irrigation 

methods 

MAD levels 

120%  100%  80%  Mean 

Furrow 5.11
d
 5.70

b
 5.72

b
 5.51 

Drip 5.45
c
 5.72

b
 6.02

a
 5.73 

Mean 5.28 5.71 5.87 5.62 

LSD (0.05) 0.24    

CV (%) 1.75    

*Means followed by the same letter are not significantly different from each other at a 1% and 

5% probability level. 

4.6.4. Bulb height 

The analysis of variance (Appendix table 11) indicated that irrigation methods and MAD 

levels had a highly significant (P<0.01) effect on bulb height while the interaction was no 

significant. The bulb height for drip irrigation method was higher (5.9 cm) and highly 

significantly (p<0.01) different from that obtained from furrow irrigation method (5.7 cm). 

Drip irrigation method resulted in bulb height increment by 3.4% as compared to furrow 

irrigation method. These results were in line with the results of Bagali et al. (2012).  

As indicated in table 12, the highest bulb height (6 cm) was obtained from 80% MAD level 

application though it is not significantly different from that of 100% MAD level. The lowest 

bulb height (5.53 cm) was recorded from 120% MAD application and significantly different to 

all other MAD levels. 
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Table 12. Effects of irrigation methods and MAD levels on bulb height 

Treatments Bulb height (cm) 

120% MAD 5.53
b
 

100% MAD 5.87
a
 

80% MAD 6.00
a
 

LSD (0.05) 0.18 

F 5.70
b
 

D 5.90
a
 

LSD (0.05) 0.04 

CV (%) 0.35 

*Means followed by the same letter in a column per treatment factor are not significantly 

different from each other at a 1% probability level. 

4.7. Water Productivity  

The analysis of variance had shown that irrigation methods, MAD levels and interaction had a 

highly significant (P<0.01) effect on water productivity (Appendix table 12). Drip irrigation 

method resulted in higher water productivity (12.18 kg/m
3
) and resulted in 43.32% higher than 

that was obtained in furrow irrigation method (7.54 kg/m
3
) by saving 40% amount of irrigation 

water. 

These results agree with that of Nagaz et al. (2012) who found that the irrigation efficiency 

under drip irrigation increased by 29% and saved 20.8% amount of irrigation water in 

comparison with furrow irrigated pepper. Teferi (2015) reported that drip irrigation method 

saved 29.4% water, and gave 32.8% more yield under full irrigation application as compared 

to that of furrow irrigation method. In addition, higher irrigation water use efficiency of 7.1 

kg/m
3
 was obtained under full irrigation application with drip irrigation method which is 

33.8% higher than the low irrigation water use efficiency of 4.7 kg/m
3
 obtained under furrow 

method. 

The primary reasons attributed to the water savings include irrigation of a smaller portion of 

the soil volume, decreased surface evaporation and controlled deep percolation losses below 

the crop root zone, which enables higher water productivity in drip irrigation. These results 

were in line with the results of Abdulaziz (2015) who found that the drip irrigation method had 

saved 33.6% of water and gave 16% more yield of common bean as compared to that of 

furrow irrigation method.  
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The maximum water productivity (10.69 kg/m
3
) was recorded from 80% MAD, while the 

lowest mean water productivity (8.93 kg/m
3
) was recorded from the application of 120% 

MAD level (Table 13). The result of this study indicated that, increasing in the MAD level 

resulted in a corresponding decreasing of mean water productivity values. This is because of 

higher total yield was obtained from shorter irrigation intervals (80% MAD).   

The highest water productivity (13.05 kg/m
3
) was obtained from drip irrigation method at 80% 

MAD application and statistically different for all other treatments. The lowest water 

productivity (6.84 kg/m
3
) was obtained from furrow irrigation method at 120% MAD 

application and significantly different to all other treatment. It is indicated that irrigating with 

drip irrigation method even at 120% MAD level resulted in higher water productivity than 

irrigating with furrow irrigation method.  

As shown in table 13, the irrigation water productivity decreased as the MAD levels increased 

from 80% MAD to 120% MAD under both irrigation methods. This might be because of 

increase in yield when increased as frequent and light irrigation was applied by maintaining 

favorable soil moisture conditions throughout the cropping season.  

Table 13. Effect of irrigation methods and MAD levels on water productivity 

Irrigation 

methods 

MAD levels 

120% MAD 100% MAD 80% MAD Mean 

Furrow 6.84
f
 7.45

e
 8.32

d
 7.54 

Drip 11.01
c
 12.48

b
 13.05

a
 12.18 

Mean 8.93 9.97 10.69 9.86 

LSD (0.05) 0.24    

CV (%) 1.28    

 

4.8. Correlation Between Vegetative and Yield Components 

The calculated values of correlations coefficient (r) between crop physiological parameters, 

yield and yield components are presented in table 14. The correlation coefficient values 

showed high degree of association of the crop parameters with each other. Accordingly, all the 

parameters had positively and high degree of correlation. This indicates that drip irrigation 

method at shorter interval increased bulb yield of onion by positively affecting the important 

yield components of the crop. Moreover, water productivity had positive correlation with all 
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parameters considered. The positive and high degree of correlation observed among the yield 

and crop physiological parameters indicating that the final yield and water productivity is 

directly dependent on the values of these parameters. 

The current result was in confirmation with study result of Teferi (2015). A study by Metwally 

(2011) indicated that plant height and bulb diameter had a positive and significant correlation 

with bulb yield. Abd El-Hady et al. (2015) found that there is a significant and positive 

correlation between bulb diameter and bulb yield. 

Table 14. The correlation matrix of onion attributes 

  Yld WP Bd Bh Ph Lh Ln 

Yld 1.000 

      WP 0.653** 1.000 

     Bd 0.851** 0.591** 1.000 

    Bh 0.847** 0.615** 0.943** 1.000 

   Ph 0.772** 0.680** 0.765** 0.774** 1.000 

  Lh 0.757** 0.706** 0.761** 0.760** 0.995** 1.000 

 Ln 0.943** 0.681** 0.860** 0.829** 0.845** 0.834** 1.000 

** = high degree of correlation, Yld = bulb yield (t/ha), Bd = bulb diameter (cm), Bh = bulb 

height (cm), Ph = plant height (cm), Lh = leaf height (cm), Ln = leaf number and Wp = water 

productivity (kg/m
3
)  

4.9. Economic analysis of different irrigation treatments  

Table 15 presents the economic analysis of production of onion from 1 ha area. The highest 

and lowest total cost of 241098 birr and 231739 birr were incurred for treatments T1 and T6, 

respectively. The economic analysis revealed that the net return was found to be highest 

(148322 birr) for T6 followed by the T5. The highest benefit-cost ratio of about 0.64 was also 

obtained from T6 followed by the T5. This shows that T6 was the most economically 

attractive treatment. This could be because it was frequently irrigated with drip irrigation 

method which made favorable soil moisture condition for plant growth and thus resulted in 

optimum bulb yield and benefit-cost ratio. Therefore, where water resource is limiting factor 

for onion production T6 is highly profitable even though initial investment cost was high. On 

the other hand, the lowest benefit-cost ratio of 0.3 was obtained from T1 might be attributed to 

the long irrigation interval with furrow irrigation method which resulted in low bulb yield. 
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Though water saving was very high and high marketable bulb yield was recorded with drip 

irrigation method, benefit-cost ratio obtained from drip treatments was not much greater than 

those obtained under furrow irrigation treatments. This is because unit price of irrigation water 

(1 birr/238 m
3
), was very low. As a result the direct impact of water saving in generation 

benefit-cost ratio was very low. Therefore, to clearly notice the impact of irrigation water 

saving due to irrigation treatments (drip) it is apparent to evaluate each tested irrigation 

protocol in terms of the net return that could be obtained from saved irrigation water.  

Table 15 reveals that the highest irrigable land with water that could be obtained from saved 

irrigation water (1.57 ha) was recorded from T6 followed by T5 (1.50 ha). The highest net 

return that could be obtained from saved irrigation water (232343 birr) was recorded from T6 

followed by T5 (206676 birr), over the conventional irrigation (T2). Therefore, T6 could be 

considered to have an economic advantage over the use of other alternatives. 

Table 15. Economic analysis of onion bulb production under different irrigation treatments 

Treat

ment 

UMY 

(kg/ha) 

AMY 

(kg/ha) 

TC 

(birr/ha) 

TR 

(birr/ha) 

NR 

(birr/ha) 

B/C 

ratio 

ILsw 

(ha) 

NRsw 

(birr) 

T1 31600 28440 241098 312840 71742 0.30 0.0 0 

T2 34050 30645 239498 337095 97597 0.41 0.0 0 

T3 37300 33570 238697 369270 130573 0.55 0.03 3473 

T4 33280 29952 233659 329472 95813 0.41 1.47 140841 

T5 37390 33651 232379 370161 137782 0.59 1.50 206676 

T6 38390 34551 231739 380061 148322 0.64 1.57 232343 

UMY = Unadjusted marketable yield, AMY = Adjusted marketable yield, Adjustment 

coefficient was 10%, TC = Total cost, TR = Total return, NR = net return, B/C = benefit-cost 

ratio, ILsw = irrigable land by using saved water and NRsw = Net return from saved water, Field 

price of water and onion bulb was 1 birr/238 m
3
 (Mekonen et al., 2015) and 11 birr/kg, 

respectively. 
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATION   

5.1. Summary and Conclusion   

Water is a scarce resource in Central Rift Valley of Ethiopia and is a major limiting factor for 

crop production, which can severely restrict agricultural production and productivity unless it 

is carefully conserved and managed. 

To meet future food demands and growing competition for water, a more efficient use of water 

in irrigated agriculture will be essential. Traditionally, farmers in the central rift valley of 

Ethiopia have been using the most conventional surface irrigation system, most commonly the 

furrow irrigation system, for growing crops during the dry season. Furrow irrigation is often 

characterized by low irrigation efficiency. However, water resources are becoming scarce in 

the area for crop production due to increasing competition for irrigation water. Efficient use of 

irrigation water is becoming increasingly important considering the availability of irrigation 

water resources and sustaining the production and productivity of growing crops in the area. 

Drip irrigation is a suitable and most efficient irrigation technology for sustainable production 

in water scarce area like Central Rift Valley of Ethiopia. Drip provides the required amount of 

water to the crop in small amounts delivered at frequent intervals as needed by the plant, and 

water losses to evaporation are less than with surface irrigation and also water is delivered at 

or below ground level, so that wetting of the foliage is not a problem. 

The experimental design of the trial was split plot design in RCBD with three replications, in 

which the irrigation methods (furrow irrigation and drip irrigation) were used as main plot and 

the three MAD levels (120% MAD, 100% MAD and 80% MAD) were used as sub-plot. 

Some of the soil properties of the experimental site were analyzed and agronomic data like 

number of leaves per plant, plant height, leaf height, total bulb yield, marketable bulb yield, 

bulb diameter, bulb diameter and water productivity were recorded and analyzed by using 

SAS software.  

The experimental soil is loam texture with bulk density of 1.14 g cm
-3 

and basic infiltration 

rate of 12 mm/hr. The total available water (TAW) of the soil was 185.6 mm/m. Irrigation 

treatments had significant effect on yield and yield components considered in the study. 
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Irrigation methods and MAD levels had a significant (p<0.05) effect on onion vegetative 

parameters like number of leaves per plant, plant height and leaf height and yield parameters 

like bulb diameter, bulb height, total bulb yield, marketable bulb yield, and water productivity. 

Further, their interaction had a significant effect on bulb diameter, total bulb yield, marketable 

bulb yield and water productivity. Nonetheless, they had no significant effect on number of 

leaves per plant, plant height, leaf height and bulb height. Generally, drip irrigation method 

was recorded higher vegetative and yield parameters than furrow irrigation method. The 

maximum total bulb yield (41.76 t/ha), marketable bulb yield (38.39 t/ha), bulb diameter (6.02 

cm) and water productivity (13.05 kg/m
3
) were observed from treatment combination of drip 

irrigation method and 80% MAD level (when water was applied at frequent intervals). 

5.2. Recommendation  

From the observation made during this research, the following points were further 

recommended: 

 The study suggests farmers in the study area, having limited amount of water for 

irrigation, should adopt drip irrigation method at the light and frequent (80% MAD 

level), instead of surface irrigation method especially where high-value crops require 

frequent water applications to achieve a high production potential. 

 Growers will need to exercise flexibility in managing the rate, frequency, and duration 

of water supplies to successfully allocate limited water resource. 

 The experiment needs to be repeated across locations and time so as to see the residual 

effect of irrigation methods and MAD levels on onion. 

 The experiment was a one season and in one place. Hence, the experiment needs to be 

repeated across locations and time to improve the validity of the findings. 

 The gravimetric method was used to monitor soil moisture content, but it is also 

advisable to use other modern soil moisture monitoring instruments to effectively 

account the in-situ and real-time soil moisture to apply the right amount of water at the 

right time.   
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7.1. Appendix Table 

Appendix table 1. The long-term (1977-2017) monthly climate data of MARC 

Month Tmin (℃) Tmax (℃) RH (%) U2 (m/s) n (hr) RF (mm) ETo (mm/day) 

January 11.71 27.93 51.04 8.59 9.05 16.02 6.3 

February 13.42 29.12 48.74 9.08 9.17 24.05 7.14 

March 15.06 30.47 49.21 8.63 8.52 52.31 7.47 

April 15.47 30.49 50.76 7.84 8.23 53.88 7.2 

May 15.54 31.00 51.17 7.46 8.76 61.03 7.13 

June 16.37 30.19 53.11 9.00 8.36 69.01 7.25 

July 15.67 26.85 66.36 9.07 7.03 204.21 5.39 

August 15.36 26.31 69.20 6.97 7.07 183.07 4.87 

September 14.47 27.62 65.76 4.88 7.32 99.75 4.9 

October 11.68 28.76 50.02 6.58 8.66 39.35 6.22 

November 10.76 28.33 46.67 8.26 9.60 12.64 6.63 

December 10.37 27.55 48.76 8.87 9.47 9.60 6.33 

Average 13.82 28.72 54.23 7.94 8.44 68.74 6.4 

Tmax and Tmin= maximum and minimum air temperature (℃) respectively, RH= relative 

humidity (%), u= Wind speed at 2 m height (m/sec), n= sunshine hour (hr) and ETo= potential 

evapotranspiration (mm/day)  

Source: Melkasa Agricultural Research Center (MARC) meteorological station. 

 

Appendix table 2. Infiltration rate of experimental field 

Elapsed 

time (min) 

Cumulative 

time (min) 

Reading 

(cm) 

Difference 

(cm) 

Cumulative 

intake (cm) 

Infiltration rate (mm/hr.) 

Immediate Mean 

0 0 14 0 0 0.0 0.0 

0.25 0.25 13.7 0.3 0.3 720.0 720.0 

0.25 0.5 13.5 0.2 0.5 480.0 600.0 

0.5 1 13.2 0.3 0.8 360.0 480.0 

1 2 12.7 0.5 1.3 300.0 390.0 

3 5 12.1 0.6 1.9 120,0 228.0 

5 10 11.4 0.7 2.6 84.0 156.0 

10 20 10.5 0.9 3.5 54.0 105.0 

10 30 9.7 0.8 4.3 48.0 86.0 

15 45 8.8 0.9 5.2 36.0 69.3 

15 60 8/10* 0.8 6 32.0 60.0 

30 90 8.8 1.2 5.2 24.0 34.7 

30 120 8 0.8 6 16.0 30.0 

30 150 7.2 0.8 6.8 16.0 27.2 

30 180 6.6 0.6 7.4 12.0 24.7 

30 210 6 0.6 8 12.0 22.9 

* The measuring stich marks before and after water addition. 
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Appendix table 3. The measured values of emitter discharge for drip irrigation 

S. No Block Plot number Emitter discharge (lit/hr) 

1 1 1 0.52 

2 1 1 0.53 

3 1 1 0.52 

4 1 1 0.52 

5 1 1 0.52 

6 1 1 0.52 

7 1 1 0.52 

8 2 8 0.53 

9 2 8 0.55 

10 2 8 0.54 

11 2 8 0.55 

12 2 8 0.55 

13 2 8 0.55 

14 2 8 0.54 

15 3 15 0.53 

16 3 15 0.53 

17 3 15 0.53 

18 3 15 0.53 

19 3 15 0.52 

20 3 15 0.53 

21 3 15 0.55 

Average     0.53 

 

Appendix table 4. Wetting diameter of the drip emitters (cm) at three different trials 

Depth(cm) Trial 1 Trial 2 Trial 3 Average 

0 34 33 36 34.3 

15 27 26 29 27.3 

30 20 17 21 19.3 
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Appendix table 5. Analysis of variance (ANOVA) for number of leaves per plant  

Source of variation DF SS MS F P 

Replication 2 1.4444 0.7222   

Main plot 1 3.5556 3.5556 64.0* 0.0153 

Error 2 0.1111 0.0556   

Sub-plot 2 14.7778 7.3889 53.20** 0.0000 

Main plot*Sub-plot 2 0.1111 0.0556 0.4NS 0.6830 

Error 8 1.1111 0.1389   

Total 17 21.1111    

* Significant (p<0.05), ** Highly Significant (p<0.01) and NS Not significant 

 

Appendix table 6. Analysis of variance (ANOVA) for plant height 

Source of variation DF SS MS F P 

Replication 2 4.431 2.2156 
  

Main plot 1 63.469 63.4689 34.7* 0.0276 

Error 2 3.658 1.8289 
  

Sub-plot 2 105.018 52.5089 7.35* 0.0154 

Main plot*Sub-plot 2 7.071 3.5356 0.49NS 0.6272 

Error 8 57.164 7.1456 
  

Total 17 240.811 
   

* Significant (p<0.05) and NS Not significant 

 

Appendix table 7. Analysis of variance (ANOVA) for leaf height 

Source of variation DF SS MS F P 

Replication 2 3.364 1.6822 
  

Main plot 1 57.602 57.6022 50.73* 0.0191 

Error 2 2.271 1.1356 
  

Sub-plot 2 105.498 52.7489 7.13* 0.0167 

Main plot*Sub-plot 2 9.791 4.8956 0.66NS 0.5422 

Error 8 59.218 7.4022 
  

Total 17 237.744 
   

* Significant (p<0.05) and NS Not significant 

 

Appendix table 8. Analysis of variance (ANOVA) for total bulb yield 

Source of variation DF SS MS F P 

Replication 2 15.311 7.6553 
  

Main plot 1 21.934 21.9343 170.16** 0.0058 

Error 2 0.258 0.1289 
  

Sub-plot 2 101.498 50.749 255.9** 0.0000 

Main plot*Sub-plot 2 4.746 2.3732 11.97** 0.0039 

Error 8 1.587 0.1983 
  

Total 17 145.334 
   

** Highly Significant (p<0.01)  

  



70 

 

 

Appendix table 9. Analysis of variance (ANOVA) for marketable bulb yield 

Source of variation DF SS MS F P 

Replication 2 12.990 6.4951 
  

Main plot 1 18.666 18.6661 146.52** 0.0068 

Error 2 0.255 0.1274 
  

Sub-plot 2 88.961 44.4804 261.39** 0.0000 

Main plot*Sub-plot 2 4.083 2.0415 12.00** 0.0039 

Error 8 1.361 0.1702 
  

Total 17 126.316 
   

** Highly Significant (p<0.01)  

 

Appendix table 10. Analysis of variance (ANOVA) for bulb diameter 

Source of variation DF SS MS F P 

Replication 2 0.11641 0.05821 
  

Main plot 1 0.22222 0.22222 23.22* 0.0405 

Error 2 0.01914 0.00957 
  

Sub-plot 2 1.12768 0.56384 58.5** 0.0000 

Main plot*Sub-plot 2 0.09001 0.04501 4.67* 0.0453 

Error 8 0.07711 0.00964 
  

Total 17 1.65258  
  

* Significant (p<0.05), ** Highly Significant (p<0.01)  

 

Appendix table 11. Analysis of variance (ANOVA) for bulb height  

Source of variation DF SS MS F P 

Replication 2 0.15453 0.07727 
  

Main plot 1 0.18809 0.18809 445.47** 0.0022 

Error 2 0.00084 0.00042 
  

Sub-plot 2 0.72053 0.36027 19.05** 0.0009 

Main plot*Sub-plot 2 0.01991 0.00996 0.53NS 0.6098 

Error 8 0.15129 0.01891 
  

Total 17 1.2352 
   

** Highly Significant (p<0.01) and NS Not significant  
 

Appendix table 12. Analysis of variance (ANOVA) for water productivity 

Source of variation DF SS MS F P 

Replication 2 0.964 0.4821 
  

Main plot 1 96.837 96.8368 8527.70** 0.0001 

Error 2 0.023 0.0114   

Sub-plot 2 9.395 4.6976 296.33** 0.0000 

Main plot*Sub-plot 2 0.579 0.2897 18.27** 0.0010 

Error 8 0.127 0.0159 
  

Total 17 107.925 
   

** Highly Significant (p<0.01) 
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Appendix table 13. Design standards for emission uniformity for arid areas 

Emitter type Crop spacing Field topography Emission uniformity (%) 

Point source Wide
a
 Uniform

c
 90-95 

  Steep
d
 or undulating 85-90 

 Close
d
 Uniform 85-90 

  Steep or undulating 80-90 

Line source Close Uniform 80-90 

  Steep or undulating 75-85 

Source: adapted from ASAE standards EP 405, 1985 Note: a space greater than 4m apart, b 

spaced less than 2 m apart, c slope less than 2 percent, d slope greater than 2 percent 

 

Appendix table 14. General criteria for emitter flow variation 

Emitter flow variation Recommendation 

≤10% Desirable 

10-20% Acceptable 

>20% Unacceptable 

Source: Bralts, 1986 

 

Appendix table 15. Recommended emitter classification based on manufacturer’s coefficient 

of variation 

Emitter type Coefficient of variation Classification 

Point source <0.05 Good 

 0.05-0.10 Average 

 0.10-0.15 Marginal 

 >0.15 Unacceptable 

Line source <0.10 Good 

 0.10-0.20 Average 

 >0.20 Marginal to unacceptable 

Source: adapted from ASAE standards EP 405, 1985 
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7.2. Appendix Figures 

 

 

 

Appendix figures 1.View of furrow and drip irrigation 
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Appendix figures 2. During field management and data collection 
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Appendix figures 3. During harvesting and data recording 


