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ABSTRACT 

In arid and semiarid areas where agricultural development is severely constrained by water 

scarcity and its mismanagement, the need to use the available water efficiently is unquestionable. 

This research was conducted aiming at develop onion water - yield relation and optimum 

irrigation regime for the improvement of onion crop (Allium cepa L.) and irrigation water 

productivity contributing to the market oriented development scenario. A field experiment was 

conducted at Arba Minch area district, Southern Ethiopia during 2017 dry cropping season. The 

experimental treatments consisted four irrigation levels (100, 75, 50 and 25%ETc) and three 

irrigation intervals (3, 5 and 7days). The experiment was laid out according to randomized 

complete block design in factorial arrangement with three replications. Results of the analysis 

revealed that the interaction effects of irrigation levels and irrigation intervals showed highly 

significant (P<0.01) difference on number of leaves per plant and marketable bulb yield and 

significant (P<0.05) difference on plant height, neck diameter, bulb number, bulb diameter, bulb 

weight and total bulb yield but non significant difference on unmarketable bulb yield. The 

highest marketable bulb yield 27540 kgha
-1

 was obtained under control treatment which was 

statistically non significantly different with treatment combination of 100% ETc and 5 days 

interval. Maximum crop water productivity(4.66 kgm
-3

) was obtained under the treatment 

combination of 75% ETc and 3 days interval which consumed 25% less water as compared to 

control treatment, yield was reduced by 16% (4440 kgha
-1

). If the saved water is used to produce 

onion at the same irrigation scheduling, it will produce bulb yield 7132.47 kgha
-1

 this exceeds 

the loss of onion bulbs occurred due to deficit irrigation by 2692 kgha
-1

. This implies that it can 

bring 0.31 ha area of land in to production and increasing the irrigated area with the saved 

water would compensate for any yield loss. There were non significant different between 

treatment combination of 75% ETc with 3 days and 75% ETc with 5 days interval though; equal 

amount of water was saved. This implies that it can bring the same area of land in to production 

Therefore,  75% ET at 5 days interval can be an option in the study area when water was 

limiting factor. However, application of 100% ETc at 5 days interval was economically 

productive when adopted by onion farmers in the study area when water was non limiting factor.  

Keywords:  water - yield relation, irrigation scheduling, onion and Arba Minch.



 

 

1. INTRODUCTION 

The success of sustained agricultural production largely depends on water availability. It is 

clear that, irrigation water has increased food security and improved living standards in many 

parts of the world; it has been instrumental in feeding the populations of developing countries 

in the last 50 years. However, water resources are not distributed evenly around the globe; arid 

and semi arid regions will continue to have conflicts over water supplies (FAO, 2002).  

The ever increasing world population and the demand for additional water supply by 

industrial, municipal, and agricultural sectors exert a lot of pressure on renewable water 

resources forcing the agricultural sector to use the available irrigation water efficiently to 

produce more food to meet the increasing demand (Andarzian et al., 2011).  

Increasing irrigation water productivity, especially the value produced per unit of water, can 

be an important pathway for poverty alleviation. Improvement of irrigation water management 

is portrayed as the key issue in copping up with crop irrigation needs and future water scarcity 

(Perry et al., 2009). In the effort of making food insecurity at household level and national 

level history at the end of five years (2010/11–2015/16) national growth and transformation 

plan of Ethiopia, the improvement of irrigation water management and intensification of 

agricultural practices will have magnificent contribution. 

Determining crop yield response to irrigation is crucial for crop selection, economic analysis 

and for practicing effective irrigation management strategies. Furthermore, this enables to 

know the time of irrigation as well as to optimize yield, water use efficiency and ultimate 

profit (Payero etal., 2009). Under limited irrigation water supply, irrigation scheduling is also 

very useful in determining irrigation strategies .Irrigation scheduling is one of the most 

important tools for developing best management practices for irrigated areas (Pejicet al., 

2008).  Irrigation scheduling is the technique of applying water on a timely and accurate basis 

to the crop, and is the key to conserving water and improving irrigation performance and 

sustainability of irrigated agriculture (Lopez, 2004). 
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The context of improving water use efficiency, there is a growing interest in deficit irrigation 

(DI),is an irrigation practice whereby water supply reduced below maximum levels without 

significant loss of crop yield(FAO, 2002).DI is widely recognized as an alternative way to 

provide water for other water needs while sustaining productive agriculture, which in turn 

need the knowledge of yield response factor for different crops at specific location. A certain 

level of water stress is applied to the crops in DI strategy either during specific growth stages 

or throughout the growing season, without necessarily causing significant yield reduction 

compared with the benefits achieved by diverting saved water to irrigate other crops 

(Leskovar, 2010). Therefore, better management of existing water systems along with the use 

of more efficient irrigation technologies will be essential in upcoming decades.   

The current agricultural policy of Ethiopia is within a strategy towards more market-oriented 

irrigation agriculture at national and/or international level. Horticultural production is usually 

money spinning as compared to staple crops. The production of fruits and vegetables under 

irrigation has a comparative advantage particularly under conditions where arable land is 

scarce, labor is abundant and markets are accessible (Lumpkin et al, 2005).  

Onion (Allium cepa L.) is one of the most important vegetables in the world. In Ethiopia, 

onion is produced in many parts of the country by small farmers, private growers and state 

enterprise (Lemma and Shimelis, 2003). The crop is produced both under rainfed in the 

“Meher” season and under irrigation in the off season. In the many area of the country the off 

season crop (under irrigation) constitutes much of the area under onion production (Nigussie, 

2015) 

National production of onion is estimated to be over 169.32 thousand metric tons of dry bulbs 

per annum and yield per hectare is 9.6 ton (CSA, 2010). Despite onion is rapidly becoming the 

most popular vegetable among producers and consumers in Ethiopia, the present production 

level not meeting the demand of the country. Its productivity is also far below the level 

realized at global level 19.5 t ha-1 (FAO, 2010). 

In the study area productivity of onion, is below national level due to poor agronomic 

practices, improper irrigation timing and amount. Flood irrigation is the major water 
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application technique across smallholders‟ irrigation farmers in the study area to grow 

vegetable. In the study area, onion is the major vegetable crop followed by tomato. The area 

covered by onion in the years 2006, 2007 and 2008 E.C were 95 ha (22.21%), 126.4ha 

(24.87%) and 161.9 ha (32.5%), respectively. In the last few years, the demand for onion 

production has shown a significant increase. However, the limited irrigation water availability 

along with unwise use of the available resource limits the area allotted for onion production. 

Therefore, it is desirable to utilize the scarce water resource using an appropriate water saving 

technology. In view of these, the main objective of this study was to develop onion water - 

yield relation and optimum irrigation regime for the improvement of onion crop (Allium cepa 

L.) and irrigation water productivity contributing to the market oriented development scenario 

with the specific objectives: 

 To develop onion water - yield relation  

 To develop optimum irrigation regime of onion 
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2. LITERATUREREVIEW 

2.1. General 

Globally, more than 40% of annual food production comes from irrigated land, and agriculture 

is the largest consumer of water, at 70% of all freshwater withdrawals (FAO, 2007). As water 

scarcity becomes more acute in many parts of the world, increasing the effectiveness with 

which agricultural water resources are used is a priority for enhanced food security. The world 

population is predicted to grow beyond 7.5 billion and food demand to increase by 50% by 

2030 (FAO, 2012). Using present values of agricultural water-use efficiency (WUE), 

calculations suggest that water use in irrigation will increase by 30%, which can be as much as 

750 km
3
 of water. In addition to this, climate change will impact the extent and productivity of 

both irrigated and rain-fed agriculture across the globe, increasing crop water demand and 

decreasing crop productivity in many regions. 

A significant challenge for agriculture is to provide the world‟s growing population with a 

sustainable and secure supply of sufficient, safe, nutritious food that meets dietary needs and 

food preferences for an active and healthy life. This will probably done using less farmland 

and reduced quantities of water (FAO, 2002). Agricultural water productivity (yield per unit of 

water used) must be improved. Increased global food security will be impossible if agricultural 

water-resource utilization is not sustainable (Biswas, 2008;  García, 2008). 

The dominant sector, Agriculture, in Ethiopia mainly relay on rain fed which is becoming 

risky practice due to highly erratic and uneven distribution nature of rain in most area of the 

country both temporarily and spatially. Failure of a given seasonal rain leads to severe drought 

and widespread food insecurity. Even in good years, Ethiopia cannot meet its large food 

deficit through rain fed production (USAID, 2009).  

Growing population pressure, rapidly declining natural resource base and rainfall variability 

(spatial and temporal) have secured irrigated agriculture a prominent position on the country‟s 

development agenda (Sisay et al., 2011). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4868834/#CIT0043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4868834/#CIT0044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4868834/#CIT0042
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4868834/#CIT0004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4868834/#CIT0047
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2.2. Irrigation Agriculture and Its Use in Ethiopia 

Water is mankind‟s most vital and versatile natural resource (Nata et al., 2008) and has always 

played an essential role in Ethiopian society as it is an input to almost all production systems 

(MoWR, 2006). Water 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). This is an intentional action made by human to 

apply water for growing crops, especially during dry seasons where there is a shortage of 

rainfall. 

Irrigation agriculture is vital to the sustainable and reliable agricultural developments in 

Ethiopia. Subsistence dominated smallholder farmers' economy can be improved through the 

use of irrigation in the Ethiopian agriculture (MoA, 2011b). Similarly, make use of irrigation 

agriculture is going to be a means for increased agricultural production to meet the growing 

food demands of rapid population growth. Irrigation development in Ethiopia can be 

considered as a cornerstone of food security and poverty reduction tool as it has a power to 

stimulate economic growth and rural developments (Hagos et al., 2009).  

Nata et al. (2007) and Abraham et al.(2011) listed out the benefits of irrigation that includes; 

increase food production in arid and semi-arid regions, enhances food production, promotes 

economic growth and sustainable development, create employment opportunities, and improve 

living conditions of small-scale farmers. As a result, irrigation contributes to poverty reduction 

and protects the environment from degradation and pollution. 

 

However,  According to the MoWIE (2013); MoA (2011a) the main challenges for the 

irrigation agriculture in Ethiopia are inadequate awareness of irrigation water management as 

in irrigation scheduling techniques, water saving irrigation technologies, water measurement 

techniques, operation and maintenance of irrigation facilities, Inadequate knowledge on 

improved and diversified irrigation agronomic practices.  
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In Ethiopia irrigation efficiencies are generally low, of the order of 25 to 50%, and problems 

with rising water tables and soil salinisation are now emerging (EARO, 2002). There for, 

increasing water use efficiency in irrigation may be the most appropriate way of preserving 

our precious water resources. 

In addition, Ethiopia is blessed with ample water resources in central, western and south 

western parts; most of north eastern and eastern parts of the country are relatively dry. In those 

parts of the country, the distribution and availability of water is erratic both in space and time. 

Furthermore, Ethiopia will become a physically water scarce country by the year 2020 (Sileshi 

et al., 2005). Therefore, optimizing water allocation in order to generate the maximum 

economic benefit from this limited resource becomes desirable. 

2.3. Onion Production and Its Use 

Onion (Allium cepaL.) is the most important, widely grown vegetable crop throughout the 

world (Gambo et al., 2008). In Ethiopia, onion is widely cultivated as a source of income by 

many farmers in many parts of the country. It is also one of the most important vegetable 

crops in Ethiopia. The crop is widely cultivated as cash crop by small-scale and private large-

scale farmers. The country has a great potential to produce onion throughout the year both for 

local consumption and export (Lemma and Shimelis, 2003). 

Onion occupies an economically important place among vegetables in the country. The area 

under onion is increasing from time to time mainly due to its high profitability per unit area 

and ease of production, and the increases in small scale irrigation areas. The crop is produced 

both under rainfed in the “Meher” season and under irrigation in the off season. In many areas 

of the country, the off season crop (under irrigation) constitutes much of the area under onion 

production. Despite areas increase, the productivity of onion is much lower than other African 

countries. The low productivity could be attributed to the limited availability of quality seeds 

and associated production technologies used, among the others (Nigussieet al., 2015). 

 National production of onion is estimated to be over 169.32 thousand metric tons of dry bulbs 

per annum and yield per hectare is 9.6 t (CSA, 2010). Despite Onion is a recently introduced 

https://www.omicsonline.org/open-access/farmers-choice-of-crops-in-canadian-prairies-under-climate-change-aneconometric-analysis-2157-7617-1000332.php?aid=69119
https://www.omicsonline.org/open-access/degradation-and-downward-movement-of-lindane-in-soil-under-cultivatedfield-conditions-2329-8863-1000198.php?aid=62286
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bulb crop in agricultural community of Ethiopia and is rapidly becoming popular among 

producers and consumers (Geremew et al., 2010). The present production levels do not meet 

the demand of the country. Its productivity is also far below the level realized at global 

level19.5 t ha-1 (FAO, 2010). Several factors are responsible for this discrepancy, among 

which appropriated irrigation scheduling is the foremost factors (Lemma and Shimelis, 2003; 

Fekadu and Dandena, 2006). 

2.4. Agro Ecological Requirements of Onion 

Depending on the season of the year and type of cultivar, it can grow well all year round at 

500m to 2400 meter above sea level with optimum range of 700-1800 meters above sea level. 

It was reported that onion grows in all types of soils from sandy loam to heavy clay. Highest 

yield was attained from freely drained friable loam soil with pH of 6.5 to 7 (Lemma and 

Shimelis, 2003).  

Temperature is also an important environmental factor that affects onion bulb development 

and production. Optimum temperature for plant development is between 13 and 24 
0
C, 

although the range for seedling growth is narrow, 20-25 
0
C. High temperature favors bulbing 

and curing. Temperature of 18.3-24
0
C day and 10-12 

0
C nights are ideal for bulb production in 

Ethiopia (MARC, 2003). 

2.5. Irrigation Systems of Onion 

Onions are considered as shallow-rooted crop. Pejicet al. (2008) found that although the 

maximum root penetration was 0.76 m, most of the roots were in the top 0.18 m of soil, 

whereas only few roots were found below 0.31 m. Irrigation water that moves below 0.76 m is 

most likely not available to the onion crop. Mermoud et al. (2005) reported that 90% of the 

root system of the onion plant was concentrated at the top 0.4 m of soil and only 2 - 3% of the 

total root length was recorded below 0.6 m depth, which indicates that very little water could 

be extracted from soil depths below 0.6 m. 
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According to Doorenbos and Kassam (1986) the crop is shallow rooted and sensitive to water 

stress. As result the crop is commonly given light and frequent irrigation to avoid water stress 

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

depleted by the crop. Irrigation application every 2 to 4 days is commonly practiced. Irrigation 

can be discontinued 15 to 25 days before harvest. Maximum yield could be obtained with the 

achievement of the entire crop water requirements 

2.6. Managing Surface Irrigated Fields 

Most surface irrigation systems have inherent inefficiencies due to deep percolation on the 

upper end and runoff at the lower end of the field. Equipment innovations can reduce these 

inefficiencies, but management decisions are very important. Efficient irrigation results when 

design and management enable producers to uniformly apply enough water to almost fill the 

effective crop root zone with minimal runoff. The correct amount of water apply to each 

irrigation varies due to changes in root depth, soil moisture status, and the soil intake rate. The 

irrigation set size; stream size, set time, and length of run can be optimized by irrigators to 

improve efficiency. A well designed and properly managed surface system can attain 

efficiencies of 60% or better (Waskom, 1994).Furrow irrigation application efficiencies 

normally vary from 45-60% (Bakker et al., 1999). Brouwer and Prins (1989) also indicated 

60% as irrigation application efficiency for furrow irrigation. 

When irrigation is required, it is usually important to cover the entire field as quickly as 

possible. Irrigators should not be content merely to get the water to the end of the furrows, but 

should also consider how much water is applied and how it is distributed. Producers should 

think about surface irrigation in terms of depth of water applied to the field. The simple 

relationship AD=QT can be used to determine the amount of water applied by surface 

irrigation systems (Waskom, 1994). 

Irrigators need a method to measure or accurately estimate the amount of water applied to the 

field. Weirs or flumes can be used to measure water flow in open ditches. Flow meters can be 

installed in gated pipe systems, or irrigators can simply use a bucket and stop watch to 

estimate application via siphon tubes. Once application rate is known, producers can 
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determine how much water is actually applied to the field. Balancing the time of set, area per 

set, and flow rate to apply the correct amount of water is an essential management practice for 

all irrigators (Waskom, 1994). 

2.7. Crop Water Requirement 

The term crop water requirement (CWR) is defined as the amount of water required to 

compensate the evapotranspiration loss from the cropped field (USDA, 1993). Although the 

values for crop evapotranspiration and crop water requirement are identical, crop water 

requirement refers to the amount of water that needs to be supplied, while crop 

evapotranspiration (ETc) refers to the amount of water that is lost through evapotranspiration 

(Allen et al. 1998).FAO (1984) defined crop water requirements as „the depth of water needed 

to meet the water loss through evapotranspiration of a crop, being disease-free, growing in 

large fields under non restricting soil conditions, including soil water and fertility, and 

achieving full production potential under the given growing environment. 

The accuracy of determination of crop water requirements will be largely dependent on the 

type of the climatic data available and the accuracy of the method chosen to estimate the 

evapotranspiration (Nuha and Henery, 2000).  Based on the comparative studies of the 

reference evapotranspiration methods and recommendations of a panel of experts and 

researchers organized in FAO, Rome, in 1990, the Penman Monteith equation has been 

adopted as the globally best performing method of estimating evapotranspiration (Smith et al., 

1991). The calculation can be done using CROPWAT model. Reference evapotranspiration 

(ETo) is calculated based on the FAO Penman-Monteith method(Allen et al., 1998) as: Crop 

water requirements (ETc) over the growing season are determined from ETo and crop 

coefficients.  

2.7.1. Seasonal water requirements of onion 

Onion seasonal water requirements depend on various factors including the variety cultivated, 

planting density, crop husbandry techniques, expected yield, local soil and agro-climatic 

conditions and methods used for irrigation application and scheduling (Jiménez et al., 2010). 
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The following studies highlight the impacts of such variability on crop water requirements. 

Seasonal onion ETc of 390 (Bossie et al., 2009) and 893mm (Lopez-Urrea et al., 2009) were 

estimated using lysimeters in the Central RiftValley (Ethiopia) and at Albacete (Spain). The 

latter was greater than the theoretical estimated ETc using the FAO methodology. For 

production between35 and 45 t ha−1, between 350 and 550 mm were required (Doorenbos and 

Kassam, 1979); 1040 mm was applied using furrow irrigation to achieve a mean yield of 59 

tha
−1

 (Ells et al., 1993); 602mmwas applied through drip irrigation for a 75 t ha−1 cropping 

 pain (Mart  n de  anta Olalla et al., 2004) and 910 mm applied using overhead sprinklers to 

obtain 77 t ha
−1

 in Utah,USA (Drost et al., 1997). Other studies estimated a seasonal ETc of 

337 mm using micro-sprinkler irrigation in Bulgaria (Meranzovaand Babrikov, 2002); 597 

mm for drip irrigation in Washington state (USA); 662mm for drip-irrigated onions in Spain 

and 225–250 mm for yields of 10 t ha
−1

 in Eastern India (Bandyopadhyay et al., 2003). 

Seasonal ETc in Texas (USA) during two consecutive seasons was estimated to be between 

362 and 438 mm (Piccini et al.,2009).  

Based on these studies, the reported water requirements for onion thus range between 225 and 

1040 mm to produce a mean yield of between 10 and 77 t ha
−1

across a range of different 

locations, under varying soil and agro climatic conditions and with irrigation systems of 

varying efficiency.  

2.8. Irrigation Scheduling 

Proper irrigation scheduling, based on timely measurements or estimations of soil moisture 

content and crop water needs, is one of the most important best management practices for 

irrigation management. Irrigation scheduling uses a selected water management strategy to 

prevent the over-application of water while maximizing net return (Waskom,1994). 

Irrigation scheduling is the process involved in deciding on the right time and the right amount 

of water a crop needs in order to maximize yield, quality and minimize water and nutrient 

leaching (Carr and Knox, 2011; Sammis et al., 2012).Irrigation scheduling involves making a 

decision on how much and when to apply water. Three factors influence the decision: water 
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needs by the crop evapotranspiration, water availability, and water holding capacity of the soil 

(Mohamed and Makki, 2005). 

The accurate determination of an irrigation schedule is a time-consuming and complicated 

process. The introduction of computer programs, however, has made it easier and it is possible 

to schedule the irrigation water supply exactly according to the water needs of the crops. 

Ideally, at the beginning of the growing season, the amount of water given per irrigation 

application, also called the irrigation depth, is small and given frequently. This is due to the 

low evapotranspiration of the young plants and their shallow root depth. During the mid 

season, the irrigation depth should be larger and given less frequently due to high 

evapotranspiration and maximum root depth. Thus, ideally, the irrigation depth and/or the 

irrigation interval (or frequencies) vary with the crop development (Brouwer, 2001). 

Kadayifci et al.(2005) reported that bulb and dry matter production were highly dependent on 

appropriate water supply. Mermoud et al. (2005) showed that irrigation frequency plays an 

important role on the development and yield of the onion crop. 

The effect of water stress and crop growth and yield depends on the crop species and variety 

on one hand and the magnitude and the time of occurrence of water deficit on the other. The 

effect of the magnitude and the timing of water deficit on crop growth and yield is of major 

importance in scheduling available but limited water supply over growing periods of the crops, 

and in determining the priority of water supply amongst crops during the growing season 

(FAO, 1986). Because of its shallow root system, the common practice, therefore, is to apply 

slight and frequent irrigation rates (Pelter et al., 2004). 

2.9. Deficit Irrigation 

Water is the main limiting factor for production of many crops including onion in the arid and 

semiarid regions. Fresh and dry mass production of crop may reduce due to the adverse effect 

of water stress (Shahi et al., 2015b). When water resources are scarce, deficit irrigation is one 

way of maximizing water use efficiency (Bekele and Tilahun, 2007). 
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Deficit irrigation (DI) is an irrigation practice where by water supply is reduced below 

maximum level and mild stress is allowed, during non sensitive growth stage or throughout the 

growing season, without significant yield penalty (Geerts and Raes, 2009). The main approach 

in deficit irrigation is to save water, labor and energy, by eliminating those irrigations with 

minimal effects on yield (Aguilar et al., 2007) 

Deficit irrigation provides a means of reducing water consumption while minimizing adverse 

effects on yield (Zhang, et al., 2004; Mermoud, 2005). In this method, the crop is exposed to a 

certain level of water stress either during a particular period or throughout the whole growing 

season. The expectation is that any yield reduction (especially in water-limiting situations) will 

be compensated by increased production from the additional irrigated area with the water 

saved by deficit irrigation (Ali et al., 2007). 

A certain level of water stress is applied to the crops in DI strategy either during specific 

growth stages or throughout the growing season, without necessarily causing significant yield 

reduction compared with the benefits achieved by diverting saved water to irrigate other crops 

(Kipkoriret al., 2001; Leskovar, 2010).  

Geerts and Raes (2009) reported that DI could be used to raise the crop yield to crop water 

consumption ratio where crops have growth stages in their development where they are 

tolerant to water stress. This takes place through either suppressing the water loss caused by 

unproductive evaporation, or by increasing the proportion of marketable yield to the overall 

produced biomass, or by increasing the ratio of total biomass production to transpiration due to 

hardening of the crop but due to the conservative relation between biomass production and 

crop transpiration whose effect is considered to be limited (Stedutoet al, 2007). 

Leskovar (2010) reported that results of onion trials indicated that DI at the 50% ETc had a 

significant effect on yield, while the yield from DI at 75% was not much different from 100% 

ETc and produced a similar bulb size. It was further concluded from the study that it would be 

possible to produce onion by water-conservation practices to a 75% ETc rate, as a means to 

target high-price bulb sizes without reducing quality.  
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For certain crops, experiments confirm that DI can increase water use efficiency without 

severe yield reductions. For example for winter wheat in Turkey, planned DI increased yields 

by 65% as compared to winter wheat under rainfed cultivation, and had double the water use 

efficiency as compared to rainfed and fully irrigated winter wheat (Ilbeyi et al., 2006).  

Deficit irrigation is beneficial for the farmers because it reduces the cost of water and prevents 

a loss of crop yield (for certain crops) later on in the growing season due to drought. In 

addition deficit irrigation accompanied by conservation tillage would greatly reduce the peanut 

crop water requirement (USDA, 2010).  

The yield reduction resulted by deficit irrigation will be insignificant compared with the 

benefits gained through diverting the saved water to irrigate additional cropped area (Gijón et 

al., 2007). Other experiments on hot pepper are also reported by Owusu-Sekyere et al. (2010) 

who reported reduction in 20% water need has no significant effect on growth, development 

and fruiting of the crop. Similar results on onion also showed by Samson and Tilahun (2007) 

that deficit irrigation throughout the growing season as 50 and 75% of ETc reduced yields 

from full irrigation and resulted in the highest water saving and crop water use efficiency.  

2.10. Growth Stages Sensitive to Water Shortages 

The total growing season of an annual crop can be divided into four growth stages : The initial 

stage; from sowing to 10% ground cover, the crop development stage; from 10% to 70% 

ground cover, the mid-season stage; including flowering and grain setting or yield formation 

and the late season stage; including ripening and harvest. In general it can be stated that of the 

four growth stages, the mid-season stage is most sensitive to water shortages. This is mainly 

because it is the period of the highest crop water needs. If water shortages occur during the 

mid-season stage, the negative effect on the yield will be pronounced. The least sensitive to 

water shortages is the late season stage. This stage includes ripening and harvest. Water 

shortages in this stage have - especially if the crop is harvested dry - only a slight effect on the 

yield. Care should, however, be taken even during this stage with crops which are harvested 

fresh, such as lettuce. Fresh harvested crops are also sensitive to water shortages during the 

late season stage (Brouwer, 2001). 
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2.11. Water Supply and Crop Yield 

A biotic stresses can directly or indirectly affect the physiological status of an organism by 

altering its metabolism, growth and development and adversely affect the agricultural 

productivity (Bartles and Sunkar, 2005; Vibhuti et al., 2015; Shahi et al, 2015a). Water is the 

main limiting factor for production of many crops including onion in the arid and semiarid 

regions. Fresh and dry mass production of crop may reduce due to the adverse effect of water 

stress (Shahi et al., 2015b). 

Water stress is one of the limiting factors to growth and yield in many countries. The different 

irrigation levels applied has significant effect on onion yield and yield components (Ebtisam et 

al., 2015; Sabreen et al., 2015).  Pejic et al.( 2014) cleared that onions yield and quality 

decreased with increasing soil-water stress. 

 

The growth characteristics, yield and yield components of onion generally improved with the 

increased in total water applied during growing period (Olalla et al., 2004;  Kumaret al., 2007;  

Zayton, 2007 and Abdul Qados and Hozayn, 2010). Yield and vegetative growth parameters 

of onion crop including plant height, fresh and dry weights of leaves, photosynthetic pigments 

content (i. e chlorophyll a, chlorophyll b carotenoids) were significantly decreased by 

increasing soil moisture stress(Youssef and Taha, 2016). 

The growth and yield of any crop is related to the amount of water used. The variable amount 

of water contained in a soil and its energy state are important factors affecting growth of plants 

(Hillel, 2004; Al-Moshileh, 2003) reported that soil water quantity improved plant growth 

parameters and total yield while marketable yield was reduced. 

The shortage of readily available soil water is eliminated and the technological and biological 

characteristics of the crop are taken into account, it is possible to achieve high and stable 

yields of irrigated onions, at the level of 40 t/ha or higher (Pejicet al., 2008). Many growers 

obtain much lower yields, primarily because of inadequate irrigation scheduling (Mermoud et 

al., 2005). Also, Pejić et al. (2011) concluded that the increased water supply causes the 
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increase in yield of onion only to certain limit, after which it stagnates and decreases. The 

highest yields were obtained in the range between 450 - 500 mm. 

FAO addressed the relationship between crop yield and water use in the late seventies 

proposing a simple equation where relative yield reduction is related to the corresponding 

relative reduction in evapotranspiration. 

2.11.1. Effect of water stress on crop yield 

Kadayifci et al. (2005) reported that bulb and dry matter production were highly dependent on 

appropriate water supply. When water supply does not meet the crop water requirements, the 

ETc will decrease. Under this condition, water stress will develop in the plant, which will 

adversely affect crop growth and, ultimately, crop yield.  

FAO (2015) state that frequent irrigation is required to prevent cracking of the bulb and 

forming of 'doubles'. Also adequate water supply is essential for a high quality crop. A good 

bulb yield under irrigation is 35 to 45 ton/ha. The water utilization efficiency for harvested 

yield (Ey) for bulbs containing 85 to 90 percent moisture is 8 to 10 kg/m
3
. 

Pelter et al, (2004) showed that total yield was reduced by soil-water stress imposed at any 

growth stage but the greatest effect was at the 3- and 7-leaf stages. Soil-water stress caused by 

withholding irrigation at both the 3- and 7-leaf stages reduced yields by 26% compared with 

the control. The percentage of single-center onion bulbs was lower when the soil-water stress 

occurred earlier in the growing season than when the stress occurred later. Single-center bulbs 

were reduced by 40, 32, and 18% when soil-water stress was imposed at the 3- and 7-leaf, 3-

leaf, and 5-leaf stages, respectively.  Olalla et al. (2004) reported that the sizes of onion bulbs 

under DI were in direct relationship to quantity of water applied.  

2.12. Yield Response Factor for Onion 

Any unintended water stress or soil water deficit can limit crop evapotranspiration (ETc) and 

hence impact on yield. The yield response under conditions of water deficit can be estimated 

using the yield response factor (ky). Crop yield response factor (Ky) indicates a relationship 



16 

 

 

 

between the decrease in relative water consumption and the decrease in relative yield. It shows 

the response of yield with respect to the decrease in water consumption. In other words, it 

explains the decrease in yield caused by the per unit decrease in water consumption. If ky>1, 

then the relative yield decrease is greater than the relative evapotranspiration deficit, and vice 

versa. Seasonal yield response factor (Ky) value of 1.1 for onion during the whole growing 

season (Doorenbos and Kassam, 1986).The yield response factor (Ky) for onion in semi arid 

tropics of Maharashtra was found to be 1.54 for whole growing season (Bhagyawant et 

al,2015). 

2.13. Water Use Efficiency of Onion 
 

In order to compare the performance and adequacy of different irrigation systems, 

performance coefficients such as irrigation efficiency (IE), irrigation water use efficiency 

(IWUE) and water use efficiency (WUE) are often used. IE is defined as the ratio of the 

volume of water that is taken up by the crop to the volume of irrigation applied (Kruse et al., 

1987). IWUE (t ha
−1

 mm
−1

) is defined as the ratio of the crop yield (t ha
−1

) to seasonal 

irrigation water applied (mm) plus rainfall (Al-Jamal et al., 2000). WUE is defined here as the 

ratio of dry matter produced per unit area (t ha
−1

) per unit of ET (mm) (Al-Jamal et al., 2001). 

WUE and IWUE values for onion have been estimated for different regions, under different 

agro climate and irrigation conditions. The highest efficiencies resulted from those regimes in 

which irrigation requirements were not fully applied and seasonal rainfall was low. Under 

different irrigation treatments in greenhouse trials, the highest IWUE (56 kg ha
−1

 mm
−1

 for a 

yield of 27 t ha
−1

) corresponded to plots receiving 75% of the water applied compared to the 

fully irrigated treatment where all the water lost was replaced.  

(Kadayifci et al., 2005). During a dry year in Serbia, onion IWUE was 281 kg ha
−1

mm
−1

 

compared to 46 kg ha
−1 

mm
−1

 calculated for a rainy season (Pejic et al., 2011). In the semi-arid 

Arkansas River Valley onion IWUE for furrow and drip systems were 53.4 and 121.6 kg ha
−1

 

mm
−1

, respectively (Halvorson et al., 2008). There is also a wide variation in reported WUE 

values for onion. For example, values of between 89 and 102 kg ha
−1

 mm
−1

 were estimated for 

onions grown in arid conditions in India using micro-sprinklers (Kumar et al., 2007); 34–91 
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kg ha
−1

 mm
−1

 were estimated in Serbia (producing 10–41 t ha
–1

) (Pejic et al., 2011) and up to 

51 kg ha
−1

 mm
−1

 from a greenhouse trial in Turkey (Kadayifci et al., 2005). 

2.14. Crop Water production functions 

As the challenges toward water availability for agriculture become more prevalent, crop 

production demands the maximum use of every drop of water thus necessitating analysis of 

water productivity to assess the benefits of irrigation strategies (Araya et al., 2011). 

Ferreira and Gonçalves (2007) highlighted that a practical way of assessing the benefits of 

irrigation is through the development of the relationship between yield and water supply. In 

general, functions relating crop production to water use can be categorize into two groups: 

water production functions (WPF) and crop water production functions (CWPF) (Igbadun et 

al., 2007). The WPF represents the relationship between yield and seasonal water applied, 

while the relationship between yield and seasonal evapotranspiration (ET) represents CWPF 

(Al-Jamal et al., 2000; Kipkorir et al., 2002).These authors explain that the WPF is generally 

linear in deficit irrigation (DI) since all the applied water is used as ET, while in the non-

deficit range WPF is nonlinear. On the other hand, CWPF‟s are often described as a linear 

function (Al-Jamal et al., 2000; Kipkorir et al., 2002 although several studies have reported 

curvilinear relationships The curvilinear relationship is generally indicative of water wastage 

or excessive irrigation as it implies that the crop did not use all of the applied water because 

some was lost as deep percolation (Kipkorir et al., 2002) 

The water productivity is relevant to economists and engineers who are interested in evaluate 

the sustainability and efficiency of agricultural water management in terms of “produced 

yields per unit of water used”, often referred to as “crop per drop”. Its help to identify 

disproportionate water use or water limited yield gaps and thereby support improvements in 

agricultural water management (Kumar et al., 2008). 

Water productivity (WP) or water use efficiency (WUE) mainly refers to the ratio between 

output derived from water use and the water input (volume or value of water depleted 

ordiverted) (Clement et al., 2011). 



18 

 

 

 

WP can be categorized into three broad classes. These are agricultural WP (crops, fisheries, 

livestock, agro-forestry, and mixed systems), domestic and industrial WP, and environmental 

WP. However, based on the numerator and denominator used, water productivity analysis is 

categorized in to three: physical water productivity, economic water productivity and non-

economic water productivity (Immerzeelet al., 2008). 

Physical water productivity (WP) in agriculture refers to obtaining more crop production from 

the same amount of water. It takes account of water with yield which is defined as the ratio 

between the actual yield achieved and the total water use (TWU) (Pereira et al., 2009a; 

Yenesew and Ketema, 2009; Araya et al., 2011). However, other researchers defined WP as 

the ratio between actual marketable yield and actual seasonal crop water 

evapotranspiration(Kipkorir et al., 2002; Zwart and Bastiaanssen, 2004; Geerts and Raes, 

2009; Sisay et al.,2011). Here after, in this work the later definition was used. Water 

productivity is the total yield per quantity of water applied. Several factors affect water 

productivity such as: crop management, soil preparation, soil type, irrigation scheduling, crop 

variety and climate (Zwart and Bastiaanssen, 2004). 
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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 farmers‟ field at Shele Mela kebele in Arba Minch 

zuria woreda, Ethiopia during January to April, 2017;a period which was considered to be dry 

in the area. The area islocated 500km south of Addis Ababa at 6 
0
04

‟
N and 37

0
36

‟
E at an 

altitude of 1285 masl (Figure 1). 

 

Figure . Location maps of the study area 

3.1.2. Climate 

The area experiences a bimodal type of rainfall with the first and second rainfall during April 

to May and September to October, respectively. The mean annual temperature is 28
o
C with a 

mean annual maximum and minimum temperature of 37
o
C and 16

o
C, respectively. The mean 
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annual rainfall is about 800 mm. Climatic data observed during the cropping season were 

acquired from the nearby Arba Minch University meteorological station. The station is 

approximately 15 km south of the field trial site (Table 1). 

Table 1. Climatic characteristics of the experimental periods in 2017 dry cropping season 

Month  Aver max 

temp (
o
c) 

Aver min 

temp (
o
c) 

Relative 

humidity (%) 

Wind speed 

(ms
-1

) 

Sun shine 

(hours) 

January 31.9 17.7 46 192 8.1 

February 33 17.6 39.4 333.4 8.7 

March 35 20 29.2 340.5 8.9 

April 31.4 19.5 60.4 82.8 6.2 

 

3.1.3. Soil 

Three soil pits having an area of 1.2 m x 1m and 1 m depth were dug out in transect direction 

of the experimental field. Disturbed and undisturbed soil samples were taken using auger and 

core soil sampler, respectively at 30 cm depth interval up to a depth of 90 cm. The soil 

samples were analyzed at Arba Minch University laboratory for different soil physical 

properties. The results are given in the Table 2. 

Table .Soil physical properties of the study area. 

Depth 

(cm) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Textural class 

(USDA) 

BD(gcm
-

3
) 

FC (%) PWP (%) 

0 – 30 6 42 52 silty-clay 1.32 33 15 

30 – 60 6 42 52 silty-clay 1.32 33 15 

60 – 90 16 36 48 clay 1.15 37 15 

Average 9 40 51     

FC(%)=field capacity in percent, WP(%)=wilting point in percent. 

3.1.4. Farming system 

About 90% of the people in the study area practice mixed farming agriculture as a means of 

livelihood. The major crops cultivated in the area are cereals: maize, teff and sorghum; pulses: 
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haricot beans; fruits: banana and mango; vegetables: onion, tomato and hot pepper. The crops 

cultivated under irrigation in 2016 cropping season in the order of area coverage were onion 

(34.5%), tomato (17%), maize (6%), carrot (3.5%) and hot pepper (2.7%).  

In the study area onion was extensively produced in irrigation during the off season. Recently, 

cropping pattern in traditional irrigating areas of the study area is changing. For example, long 

season sorghum is replaced by irrigated onion and other vegetable crops. These changes are 

mainly due the increased need of farmers to irrigated agriculture along with the introduction of 

high valued crops like onion, driven by the market. 

3.2. Description of the Experimental Materials 

Onion variety called adama red, which is well adapted and widely cultivated in the study area 

was used as a test crop for the experiment. It has deep red colour, circular shaped bulb and its 

yield potential is 35t ha
-1 

Full irrigation (100%ETc) with 3 days irrigation interval was used as 

standard check. 

3.3. Experimental Treatments 

The treatments consisted of a factorial combination of four irrigation levels (25, 50, 75 and 

100% ETc) and three levels of irrigation intervals (3, 5and 7days). There were a total of 12 

treatment combinations. Each four levels of irrigation water were applied throughout the crop 

growth stages with respective irrigation intervals. The treatment combination and its 

descriptions are given in the Table 3. 
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Table 3. The experimental treatment combination 

Treatments   Combination  Description  

T1 100%ETC*3days Full irrigation with 3 days interval throughout the crop 

stages 

T2 100%ETC*5days Full irrigation with 5 days interval throughout the crop 

stages 

T3 100%ETC*7days Full irrigation with 7 days interval throughout the crop 

stages 

T4 75%ETC*3days 25 % deficit with 3 days interval throughout the crop 

stages 

T5 75%ETC*5days 25 % deficit with 5 days interval throughout the crop 

stages 

T6 75%ETC*7days 25 % deficit with 7 days interval throughout the crop 

stages 

T7 50%ETC*3days 50% deficit with 3 days interval throughout the crop 

stages 

T8 50%ETC*5days 50% deficit with 5 days interval throughout the crop 

stages 

T9 50%ETC*7days 50% deficit with 7 days interval throughout the crop 

stages 

T10 25%ETC*3days 75% deficit with 3 days interval throughout the crop 

stages 

T11 25%ETC*5days 75% deficit with 5 days interval throughout the crop 

stages 

T12 25%ETC*7days 75% deficit with 7 days interval throughout the crop 

stages 

3.4. Experimental Field Layout and Design  
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Figure . Experimental field layouts 
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The experiment was laid out in randomized complete block design (RCBD) with three 

replications. The size of each plot was 3mx4m (12m
2
) accommodating 10 rows with 30 plants 

per row. Seedlings were planted at one side of ridges of the furrow at the recommended 

spacing of10 cm between plants, 20cm between rows and 40cm between furrows ridges for all 

plots. The distance between plots and blocks were 1 m and 1.5m, respectively. The outer 

single rows at both sides of the plot and one plant at both ends of the rows were considered as 

border plants.   

3.5. Experimental Procedure 

Seedlings were raised on two leveled beds (each 1 m x 10m).’Seeds were obtained from 

Melekasa Agricultural Research Center and were sawn on November 15, 2017 at 10cm 

distance between rows, lightly covered with soil and mulched with grass (until seedlings are 

emerged 2-5cm from the soil).Seedlings were managed for 45 days and then after transplanted, 

when they reached 12-15 cm height stage, to the main experimental plots on January 1, 2017 

and one day before transplanting the seedlings were irrigated for safe uplifting. During 

transplanting only healthy, vigorous and uniform seedlings grown at the center of seedbeds 

were transplanted and gap filling was done within a week after transplanting. 

The experimental field was plowed three times using oxen. It was prepared again by human 

labor to break the clods, Plots were leveled and furrows and ridges were prepared at a spacing 

of 40cm using hand tools. The experiment was conducted under furrow irrigation method.NPS 

and Urea were applied at the recommended rate of 100kg/ha NPS at time of planting and 

100kg Urea with split application 50kg at time of planting and 50kg six weeks after planting. 

Irrigation applied up to march24, 2017 then after it was discontinued 15 days before harvest 

which helps in reducing the rotting during storage. 

All other cultural practices were followed as per the requirement of onion crop. Prior to the 

application of treatments equal amount of irrigation was applied one times for all experimental 

plots to favor uniform establishment of the seedlings.  
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3.6. Crop Water Requirement 

The crop evapotranspiration (ETc) was estimated using reference evapotranspiration 

(ETo).The reference evapotranspiration (ETo) was estimated using climatic data such as; 

maximum and minimum temperature; relative humidity; sunshine hours and wind speed at 

75% probability data obtained from Arba Minch University Metrological station for the period 

1971 to 2015, according to FAO Penman-Monteith method through the CROPWAT program. 

Then, ETc of onion was obtained by multiplying ETo with crop coefficient (Kc). The crop 

coefficient values were adopted from the FAO (2010), and using FAO crop coefficients for 

onions (0.7 for initial, 1.05 for mid, and 0.75 for end season) as suggested by Allen et al. 

(1998).  

                                                                                                            

(3.1) 

where, 

ETc = crop evapotranspiration (mm/day); 

ETo = reference evapotranspiration (mm) 

Kc = crop factor 

The software also demands crop information that is relevant for irrigation scheduling. The 

average length of the growing period of onion crop was taken as 98 days. The length of initial, 

crop development, mid-season and late season growth stages were were 16, 31, 29, and 22 

days respectively (Gobena et al., 2015). 

Average maximum rooting depth was taken as 45cm (Allen et al., 1998). Also the critical soil 

moisture level where first drought stress occurs affecting crop evapotranspiration and crop 

production (critical water depletion fraction (P)) was taken from Allen et al., (1998) 

(commonly known as FAO Irrigation and Drainage paper 56) as 0.3, 0.45 and 0.5 for 

establishment, bulb enlargement and ripening stages. As well, crop yield factor (Ky), factors 

for the crop sensitivity to water stress was based on information from the FAO Irrigation and 

Drainage paper 33 as 0.8, 0.4, 1.2 and 1 for establishment, vegetative development, 

bulbification and ripening stages, respectively.    
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The optimal or „no stress‟ irrigation 100% ETc with all irrigation intervals were computed by 

deducting the effective rainfall (if rainfall available) from the net irrigation requirement of the 

crop by CROPWATT using irrigation at user defined intervals to refill soil to field capacity. 

However, the depth of water applied to treatment combination of (75, 50 and 25% ETc) and 3 

days irrigation interval were taken based on their ETc percentage of amount of water applied 

at treatment combination of 100%ETc and 3 days irrigation interval. Also, amount of water 

applied at treatment combination of (75, 50 and 25% ETc) and 5 days irrigation interval were 

taken based on their ETc percentage of amount of water applied at treatment combination of 

100%ETc and 5 days irrigation interval. Finally, amount of water applied at treatment 

combination of (75, 50 and 25% ETc) and 7days irrigation interval were taken based on their 

ETc percentage of amount of water applied at treatment combination of 100% ETc and 7 days 

interval 

                                                                                                          (3.2) 

where: 

NIR = net irrigation water requirement (mm) 

ETc = crop water requirement (crop evapotranspiration) (mm) 

Pe = effective rainfall (mm) 

The effective rainfall was determined based on the following empirical formula using 

CROPWAT Model. 

            
(       )

 
                    if               

  

 
                                                 3.3a 

            
(        )

 
                if                 

  

 
                                               3.3b 

where: 

P = precipitation (mm/month) 

The optimal or „no stress‟ irrigation was computed by deducting the effective rainfall (if 

rainfall available) from the net irrigation requirement of the crop and then, the depth of water 
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applied to other treatments is taken simply as percentage of the optimal irrigation throughout 

the growing season 

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

60%. Furrow irrigation application efficiencies normally vary from 45-60% (Bakker et al., 

1999). Brouwer and Prins (1989) also indicated 60% as irrigation application efficiency for 

furrow irrigation. In this experimental setup, water was applied with accurate measurement; 

furrows were short and end-diked. As a result, there was no run-off and the only loss would be 

deep percolation which is expected to be not much in a deficit irrigation practice. Therefore, a 

higher value of application efficiency (60%) was adopted.  

                
   

 
                                                                                               (3.4) 

where 

GIR = gross irrigation requirement; 

NIR = net irrigation water requirement; and 

 = water application efficiency. 

3.7. Water Application 

Diverted water from the river was brought to the field using filed channel that run adjacent to 

experimental plots. The flume was set on a straight section of the channel and used to estimate 

flow rate.  

3.7.1. Installation of parshal flume 

The flume was set on a straight section of the channel. The longitudinal axis was parallel to 

the channel and to the direction of the water flow. A spirit level was sued to check the level of 

the floor of the entrance section. When properly installed, this was perfectly level. The 

entrance section was about 2- 3 meters above the channel. Once the flume was properly set, 

earth was filled between the walls of the flume and the channel side walls so that the entire 

channel flow was routed through the flume. There was not be any leakage through the sides, as 

this was seriously affect the accuracy of the results. A plastic scale was pasted permanently to 
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the side wall of the flume where reading was taken. Once the flume was set it can stay as long 

as it was required to take measurements.  

3.7.2. Estimation of flow rate 

Flow rate is the function of height of water measured in the Parshal Flume at the entrance 

section. The relationship is conventionally presented in the form of table. Using the table 

presented in the flow rate through the Parshal Flume estimated are given in the appendices 

table 6  

3.7.3. Calculation of the time required to irrigate a predetermined amount 

The time required to deliver the desired depth of water into each plots using Parshal Flume 

was calculated from the following equation. Volume of the water required depth(d) cm over an 

area of a s.qm 

                       3
                                                                             (3.5) 

           
           

    
                                                                                     (3.6) 

             
 

 
                                                                                                     (3.7) 

             
      

    
                                                                                         (3.8) 

     where, 

V = volume (liters) 

q = flow rate (l/s) 

a = area of plot to be irrigated (m
2
) 

d = depth of water (cm) 

According to the required amount of water to be applied the duration of irrigation at different 

treatment was different. Therefore, required amount of water was then directed to smaller 

supply channels that feed the furrows. Through careful opening and closure of channel banks, 

the water was supplied into furrows. Water was carefully controlled to avoid the flow of water 
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into water deficit plots. Since the furrows are close ended all water flowing into the furrows 

were infiltrated over the entire length, there was no runoff. 

3.8. Water Productivity and Yield Response Factor 

3.8.1. Crop water productivity 

Crop water productivity (CWP) was computed by dividing the mass of the product to the 

volume of water consumed (Zwart and Bastiaanssen, 2004). 

                 (      
  

   
                                                                              (3.8) 

where 

CWP = crop water productivity (Kg/m3) 

Yt = the total crop yield (kg/ha) and 

ETc = the seasonal crop water consumption (m3/ha). 

3.8.2., Yield response factor 

Crop yield response factor (ky) relates relative yield decrease to relative 

evapotranspirationdeficit (Stewartet al. (1977).  

  
  

  
   (  

   

   
)                                                                                     (3.1) 

where 

Ya = predicted crop yield (kg ha
-1

) 

Ym = maximum potential yield (kg ha
-1

) 

ETa = seasonal crop evapotranspiration (mm) 

ETm = maximum seasonal crop evapotranspiration (mm) 

ky = yield response factor. 

3.9. Data Collection 

Data on growth parameters:, plant height, leaf number and neck diameter, bulb number (stand 

count at harvesting) and bulb characters bulb diameter and bulb weight were recorded at 

physiological maturity and harvesting, respectively and expressed as average of ten randomly 

selected and pre-tagged plants in each experimental plots. Yield data total bulb yield, 
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marketable and unmarketable bulb yield data‟s were collected as per the procedures mentioned 

as follows 

Total bulb yield (t ha
-1

): total bulb yield was measured as the total weight of both marketable 

and unmarketable bulbs produced by all plants at central eight rows per plot. The total weights 

of the bulbs were measured using digital balance and it was converted into t ha
-1

. 

Marketable bulb yield (tha
-1

): marketable bulb yield was the yield recorded from all plants in 

the central eight rows per plot and was converted to yield of t ha
-1

 which were greater than 3 

cm in diameter (Morsy et al., 2012).  

Unmarketable yield (tha
-1

):was recorded as the total weight of damaged, discolored,  splitted, 

thick necked and small bulbs (below 20g) (Lemma and Shemels, 2003 and Morsy et al., 

2012). 

3.10. Statistical Analysis 

The data were subjected to analysis of variance (ANOVA) using SAS version 9.1.3. Treatment 

means were compared using the least significant difference (LSD) at 5% level of probability. 
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4. RESULTS AND DISCUSSION 

4.1 Amount of Water Applied 

The amount of water applied during the growing season for each treatment and amount of 

gross irrigation depth applied to each treatment at each irrigation event is presented in Table 4. 

The variation in the amount of water applied during each irrigation event is attributed to the 

variations in the treatment combination, climatic conditions of the month in which irrigation 

water was applied and the stage of crop growth where the corresponding onion crop 

coefficient (kc) values were used.  

A common irrigation (36.1 mm) given by CROPWAT was applied three days after 

transplanting in all the plots irrespective of different treatments to help establishing the onion 

seedlings. Total number of irrigation water application varied from 12 to 28. The highest total 

number of irrigation event, observed from treatment combination of 3 days interval with100, 

75, 50 & 25% ETc while the lowest total number of irrigation event, observed from treatment 

combination of 3 days interval with100, 75, 50 & 25% ETc (Table 4).. 

During the study period unexpected precipitation were occurred at different stages of the crop 

however, effective rainfall was nil. The total rainfall from beginning to the end of the 

experiment was 9.6mm. Therefore, total water supplied was equivalents to irrigation water 

supplied during the growth stages of the crop. 

The season irrigation depth of onion varied from 192 to 657 mm. In growing seasons, the non-

stressed with 3, 5 and 7 days interval treatments received the largest irrigation depths which 

was 657 mm, followed by treatments combination of 75% ETc with 3 5 and 7 days interval 

which was 502 mm whereas the most stressed 25% ETc with 3, 5 and 7 days interval 

treatments got the smallest ones which was 192 mm followed by treatment combination of 

50% ETc with 3, 5 and 7 days interval which was 347mm (Table 4).The seasonal water 

requirement of onion varied according to the climate conditions. Variability in the water 

requirements for onions is also a function of location and irrigation method. 
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Table 4.The number of irrigation, gross irrigation depth during each irrigation event and 

amounts of irrigation water applied in m3 ha-1 under the different treatments. 

 

T1 =  100% ETc and 3 days interval; T2 = 100% ETc and 5 days interval; T3 = 100% ETc and 

7 days interval; T4 = 75% ETc and 3 days interval; T5 = 75% ETc and 5 days interval; T6 = 

75% ETc and 7 days interval; T7 = 50% ETc and 3 days interval; T8 = 50% ETc and 5 days 

interval; T9 = 50% ETc and 7 days interval, T10 = 25% ETc and 3 days interval; T11 = 25% 

ETc and 5 days interval; T12 = 25% ETc and 7 days interval (Table 5). 

Applicatio

n number 

                                           Treatments 

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 

1 36.1 36.1 36.1 36.1     36.1 36.1 36.1 36.1 36.1 36.1 36.1 36.1 

2 15.6 26.1 36.5 11.7     19.6 27.4 7.8 13.1 18.3 3.9 6.5 9.1 

3 15.6 26.3 36.9 11.7 19.7 27.7 7.8 13.2 18.5 3.9 6.6 9.2 

4 10.5 26.4 41.3 7.9 19.8 31 5.3 13.2 20.7 2.6 6.6 10.3 

5 15.8 29.7 44.6 11.9 22.3 33.5 7.9 14.9 22.3 4 7.4 11.2 

6 15.8 31.9 53.9 11.9 23.6 40.4 7.9 16 27 4 8 13.5 

7 15.8 34.5 58.9 11.9 25.8 44.2 7.9 17.3 29.5 4 8.6 14.7 

8 19.1 38.5 59.3 14.3 28.9 44.5 9.6 19.3 29.7 4.8 9.6 14.8 

9 19.1 32 62 14.3 24 46.5 9.6 16 31 4.8 8 15.5 

10 19.1 52.4 66.4 14.3 39.3 49.8 9.6 26.2 33.2 4.8 13.1 16.6 

11 20.5 42.6 68.1 15.4 32 51.1 10.3 21.3 34.1 5.1 10.7 17 

12 23.1 44.3 93.5 17.3 33.2 70 11.6 22.2 46.8 5.8 11.1 23.4 

13 23.1 46.8  17.3 35.1  11.6 23.4  5.8 11.7  

14 23.1 47.4  17.3 35.6  11.6 23.7  5.8 11.9  

15 26.8 49.2  20.1 36.9  13.4 24.6  6.7 12.3  

16 26.2 49.6  19.7 37.2  13.1 24.8  6.6 12.4  

17 24.9 43.9  18.7 33  12.5 22  6.2 11  

18 26   19.5   13   6.5   

19 26.6   20   13.3   6.7   

20 26.6   20   13.3   6.7   

21 28.4   21.3   14.2   7.1   

22 28.4   21.3   14.2   7.1   

23 28.4   21.3   14.2   7.1   

24 29.3   22   14.6   7.3   

25 29.8   22.4   14.9   7.5   

26 29.8   22.4   14.9   7.5   

27 28.3   21.2   14.2   7.1   

28 25.5   19.1   12.8   6.4   

Total(mm) 657 657 657 502 502 502 347 347 347 192 192 192 

Total     

(m
3 

ha
-1

)              

657

0 

657

0 

657

0 

502

0 

502

0 

502

0 

347

0 

347

0 

347

0 

192

0 

192

0 

192

0 
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The result obtained in this study is supported with the FAO (2002) reported that onion 

seasonal demand vary with climate and 350 to 550mm water is optimum for bulb production. 

The finding of this study is also in line with the result of Pejić et al. (2011) concluded that the 

increased water supply causes the increase in yield of onion only to certain limit, after which it 

stagnates and decreases; the highest yields were obtained in the range between 450 - 500 mm 

under sprinkling irrigation. 

According to Lemma and Shimelis (2003), the crop demands about 400-800 mm per growing 

season for the formation of large bulb size and high yield. Whereas, Ells et al. (1993) reported 

that furrow-irrigated onions required 1040 mm of water to obtain a yield of 59t ha
−1

. 

4.2. Crop Yield and Yield Components 

Results of the field experiment revealed that the interaction effect of irrigation levels and 

irrigation intervals on plant height, neck diameter, bulb number,  bulb diameter, bulb weight 

and total bulb yield of onion plant were  (P<0.05) significantly difference. Leave number per 

plant and marketable bulb yield of onion plant were highly (P<0.01) significantly difference. 

However, unmarketable bulb yield was non significantly difference 

Data presented in Table 5 indicated that vegetative growth characters including plant height, 

leave number per plant and neck diameter and bulb number were decreased by increasing soil 

moisture stress. 

4.2.1. Plant height 

The longest plants (48cm) were obtained from the control treatment which was not 

significantly different with treatment combination of 100% ETc and 5 days irrigation interval. 

The shortest plants (27cm) were recorded from the treatment combination of 25% ETc and 7 

days irrigation interval is presented in Table 5. 

The reason for the better performance of this growth parameter due to the shorter interval with 

higher level of irrigation may be attributed to optimum soil water- air- balance around plant 

root zone. The result of the current study is in agreement with the result of Bagali et al. (2012) 
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reported that scheduling of drip irrigation onion at shorter interval with higher level of 

irrigation recorded significantly higher plant height. The finding of this study is also in line 

with the result, (Metwally, 2011; Youssef and Taha, 2016) reported that the higher water 

supply resulted in higher plant height. This result is in contradicted to Enchalew et al. (2016) 

reported that plant height was not affected by the level of deficit irrigation. 

4.2.2. Number of leaves per plant 

The mean number of leaves per plant was highly significant (P<0.01) difference by irrigation 

levels and irrigation intervals, and their interaction. The highest number of leaves per plant 

(11) was obtained from the treatment combination of 100% ETc and 3 days irrigation interval 

which is statistically at par with treatment combination of 100% ETc and 5 days irrigation 

interval. The lowest number of leaves per plant (3.6) was recorded from the treatment 

combination of 25% ETc and 7 days irrigation interval. (Table 5).  

The increase in number of leaves per plant at higher irrigation level and shorter irrigation 

interval was obviously due to maintenance of soil moisture regime in the root zone closer to 

field capacity. 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. 

This finding is also in line with Youssef and Taha (2016) reported vegetative growth parameters 

of onion crop including plant height, number of leaves per plant were significantly decreased 

by increasing soil moisture stress. The result of the current study is in agreement with the 

result of Bagali et al. (2012) reported that scheduling of drip irrigation onion at shorter interval 

with higher level of irrigation recorded significantly higher number of leaves. This finding is 

also in line with Metwally (2011) and Enchalew (2016). 

4.2.3. Neck diameter 

The mean neck diameter was highly significant (P<0.01) difference by the effect of irrigation 

levels and irrigation intervals, and their interaction effect (P<0.05). Neck girth is one of the 

important growth parameters which indicate vigor of the plant. The highest neck diameter (2.5 
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cm) was obtained from the treatment combination of 100% ETc and 3 days irrigation interval 

which is statistically at par with treatment combination of 100% ETc and 5 days irrigation 

interval. The lowest mean neck diameter (1 cm) was recorded from the treatment combination 

of 25% ETc and 7 days irrigation interval (Table 5).  

Increased neck diameter of onion by 3 days and 5 days interval with 100% ETc of irrigation 

may be due to the better performance of growth parameters like plant height and number of 

leaves. The result of the current study is in agreement with the result of Bagali et al. (2012) 

reported that scheduling of drip irrigation onion at shorter interval with higher level of 

irrigation recorded significantly highest neck diameter. The growth characteristics yield and 

yield components of onion generally improved with the increased in total water applied during 

growing period (Abdul Qados and Hozayn, 2010). 

Table 5. Interaction effect of irrigation levels and irrigation intervals on Plant height (cm), 

leave number per plant, neck diameter (cm) and bulb number of onion 

IL (%ETTc II(days PH (cm) LN ND (cm) BNo 

100 

 

3 48
a
 11

a
 2.5

a
 299

a
 

5 47.2
a
 10.7

a
   2.4

a 
 290

b
 

7 44
b
 9.5

b
 2.3

b
 275

c
 

75 

 

3 41.7
c
 8.4

c
 2.1

bc
 269

d
 

5 40.9
c
 8.1

c
  2

cd
 262

e
 

7 38
d
 7.5

d
 1.9

de
 242

f
 

50 

 

3 37.3
de 

 6.4
e
 1.75

ef
 160

g
 

5 36
e
  6

e
   1.65

f 
 145

h
 

7 32
f
 5

f
 1.4

g
 125

i
 

25 

 

3 29
gh

 .4
g 
 1.2

hi 
 67

j
 

5 28
g 
 .4.3

fg 
  1.1

h
 66

j
 

7   27
h
 3.6

h
  1

i
 57

k
 

Average 

CV(%) 

LSD (5%) 

37.43 7.08 1.77 188.25 

2.74 5.10 5.48 2.58 

1.73 0.61 0.16 4.98 

Means followed by the same letter are not significantly different at P<0.05, LSD=least 

significant difference, CV (%) = coefficient of variation in percent. 

4.2.4. Bulb number 

The uppermost values of bulb number (299)was obtained from the treatment combination of 

100% ETc and 3 days irrigation interval which followed with treatment combination of 100% 
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ETc and 5 days irrigation interval. The lowermost value (57) was recorded from the treatment 

combination of 25% ETc and 7 days irrigation interval (Table 5).  

4.2.5. Bulb diameter 

Bulb diameter was highly significant (P<0.01) difference on irrigation levels and irrigation 

intervals, and significant difference (P<0.05) on their interaction. The longest diameter 

(6.5cm) was obtained from the treatment combination of 100% ETc and 3 days interval which 

is statistically at par with treatment combination of 100% ETc and 5 days interval. The 

shortest diameter (3cm) was recorded from the treatment combination of 25% ETc and 7 days 

irrigation interval (Table 6).  

Onion bulb diameter was determined as an indicator of size. Increased bulb equatorial 

diameter of onion by 3 days and 5 days interval with 100% ETc of irrigation may be due to the 

better performance of growth parameters like plant height, number of leaves and neck girth. In 

line with this result, Rop et al. (2016) found that bulb diameter varied proportionally with the 

quantity of irrigation water applied. This finding was also in agreement with the finding of 

Bagali et al. (2012) who reported that Onion bulb sizes were affected by the level and timing 

of water stress. 

4.2.6. Bulb weight  

Bulb weight was highly significant (P<0.01) difference on the irrigation levels and irrigation 

intervals, and significant P<0.05) difference on their interaction. The highest bulb weight (70.5 

g) was obtained from the combined effect of 100% ETc and 3 days irrigation interval which 

was statistically not significant difference with combined effect of 100% ETc and 5 days 

interval. The lowest bulb weight (38.5 g) was recorded from the combined effect of 25% ETc 

and 7 days irrigation interval which was statistically at par with treatment combination of 25% 

ETc and 5 days irrigation interval (Table 6). 

This result was also in agreement with the result of Shahi et al. (2015b) reported that water is 

the main limiting factor for production of many crops including onion in the arid and semiarid 

regions; fresh and dry mass production of crop reduce due to the adverse effect of water stress.  
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The result of the current study is in agreement with the result of Bagali et al. (2012) reported 

that the mean onion bulb weight was affected by the level and timing of water stress. This 

result was also in agreement with the result of Rop et al. (2016) reported that there was a 

positive linear relationship between water stress and bulb mass. 

4.2.7. Total bulb yield 

The mean total bulb yield was highly significant (P<0.01) difference on the irrigation levels 

and irrigation intervals, and significant (P<0.05) difference on their interaction effect. The 

highest total bulb yield (34000 kg ha
-1

) was obtained from the combined application of 100% 

ETc and 3 days interval which was statistically at par with combined effect of 100% ETc and 

5 days irrigation interval. The lowest value (6500 kgha
-1

) was recorded from the treatment 

combination of 25% ETc and 7 days irrigation interval (Table 6).  

The increased bulb yield due to irrigation at 3 or 5 days interval with 100% ETc was due to 

significantly higher bulb equatorial diameter and bulb weight. The result of the current study is 

in agreement with the result of Rop et al. (2016) who reported that yield decreased with 

increasing water stress significantly. Also, Bagali et al. (2012) reported that scheduling of drip 

irrigation onion at shorter interval with higher level of irrigation recorded significantly higher 

bulb yield. 

4.2.8. Marketable bulb yield 

The mean marketable bulb yield of onion plant was highly significant (P<0.01) difference on 

irrigation levels and irrigation intervals, and their interaction. The highest marketable bulb 

yield (27540 kg ha
-1

) was obtained in treatments which received the combined application of 

100% ETc with 3 days irrigation interval which was statistically at par with treatment 

combination of 100% ETc and 5 days irrigation interval. The lowest marketable bulb yield 

(3200 kgha
-1

)was recorded from the treatment combination of 25% ETc and 7 days irrigation 

interval which was statistically at par with treatment combination of 25% ETc with 3and 5 

days irrigation interval (Table 6).  
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This result is in accord with Enchalew et al. (2016) reported that marketable bulb yield had 

highly affected by deficit irrigation. The different irrigation levels applied has significant 

effect on onion yield and yield components (Ebtisam et al., 2015; Sabreen et al., 2015).  Pejic 

et al. (2014) cleared that onions yield and quality decreased with increasing soil-water stress. 

Table 6.  Interaction effect of irrigation levels and irrigation intervals on bulb diameter (cm), 

bulb weight (g), total bulb yield (kgha-1) and marketable bulb yield (kgha-1) of onion 

IL (%ETc) II (days) BD (cm) BW (g) TBY(kgha
-
) MBY (kgha

-
) 

100 3 6.5
a
 70.5

a
 34000

a
 27540

a
 

 5 6.3
a
 69.4

a
 33000

a 
 26400

a
 

 7 5.8
b
 65.7

b
 31200

b
 24650

b
 

75 3 5.5
bc

 63
bc

 30500
bc 

 23100
c
 

 5 5.2
c
 62.5

c
 29700

c
 22310

c
 

 7 4.65
d
 57.5

d
 27400

d
 20200

d
 

50 3 4.5
d
 54

e
 18100

e 
 12850

e
 

 5 4.3
d
 52.5

e
 16700

f 
 11690

e
 

 7 3.8
e
 48

f
 14200

g
 10000

f
 

25 3 3.5
ef

 42
g
 7500

h
 3800

g
 

 5 3.2
fg

 39.5
gh

 7600
h 
 3870

g
 

 7 3g 38.5
h
 6500

h
 3200

g
 

Mean 4.69 55.26 21.37 15.81 

CV(%) 4.65 3.08 3.81 5.15 

LSD (5%) 0.37 2.87 1.37 1.37 

Means followed by the same letter are not significantly different at P< 0.05, LSD = least 

significant difference; CV (%)= coefficient of variation in percent,  

4.2.9. Unmarketable bulb yield 

Unmarketable bulb yield was highly significant (P<0.01) difference on the irrigation levels but 

non significant difference on irrigation intervals and interaction. Considering the independent 

effect of irrigation levels alone, the highest and lowest unmarketable bulb yields were recorded 

from 100% ETc and 25% ETc treatments, respectively. However, 100% ETc treatment gave 

the lowest percentage (22%) of unmarketable bulb yield and while 25% ETc treatment gave 

the highest percentage (49%) of unmarketable bulb yield (Table 6). From the result, it can be 

observed that up to 25% water deficit was marginal to obtain the least unmarketable bulb yield  
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The current study result is in agreement with the result of Enchalew et al.  (2016) observed 

that the highest and lowest percentage of unmarketable onion bulb yields were recorded from 

the control and 50% ETc treatments, respectively. 

Disregarding the effect of irrigation intervals, the highest and lowest unmarketable bulb yields 

were recorded from 3 days and 7 days intervals, respectively. However, the highest and lowest 

percentage of unmarketable bulb yields was recorded from 3 days and 7 days intervals, 

respectively (Table 6). 

Table 7.  Effect of irrigation levels and irrigation intervals on unmarketable bulb yield (kg ha-

1) 

IL (%ETc)                            UMBY(kg ha
-1

) % 

100 7270
a
 22 

75 6430
b
 22 

50 4880
c
 30 

25 3560
d
 49 

II (days)   

3 5680
a
 25 

5 5670
a
 26 

7 5250
b 
 27 

Mean 5.53  

LSD (5%) 0.21  

CV (%) 6.33  

 

4.3. Water Supply–Yield Relationship 

The relationship between marketable bulb yield and seasonal water applied for onion is shown 

in Table 7. Water supply-yield relationship is also known as crop water productivity. The 

seasonal water applied for onion ranged from 192 to 657 mm, whereas marketable bulb yield 

ranged from 27540 to 3200 kgha
–1

.Crop water productivity (CWP) in terms of marketable 

bulb yield was estimated by dividing marketable bulb yield (kg/ha) to the total irrigation water 

applied ( 3
/ha).   

The results of the crop water productivity in Table 7 shows that the water productivity 

increased with increasing depth of irrigations water unto the treatment combination of 

75%ETc and 3 days irrigation interval which was recorded the highest crop water productivity 
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of (4.6 kg/ 3) then after the water productivity fluctuated with increasing depth of irrigations 

water. The treatment combination of 100% ETc and 5 days irrigation interval gave practically 

similar water productivity (4.02 kgm
-3

) with the treatment combination of 50%ETcand 7 days 

irrigation intervals. The lowest water productivity (1.67 kgm
-3

)was recorded from treatment 

receiving 25% ETc at 7 days irrigation intervals. The water productivity for onion ranged from 

1.67 to 4.6 kgm
-3

.This result is in agreement with Enciso et al.(2015) reported that irrigation 

use efficiency of onion obtained under furrow system ranged from 4.2 to 6.2 kg m
−3

. 

The treatment combination of 75% ETc and 3 days irrigation interval consumed 25% less 

water as compared to control treatment, though; yield was reduced by 16% (4440 kgha
-1

). If 

the saved water is used to produce onion at the same irrigation scheduling, it will produce bulb 

yield 7132.47 kgha
-1

 this exceeds the loss of onion bulbs occurred due to deficit irrigation by 

2692 kgha
-1

. This implies that it can bring 0.31 ha area of land in to production and increasing 

the irrigated area with the saved water would compensate for any yield loss which was no 

significant different with treatment combination of 75% ETc and 5 days irrigation interval 

though; equivalent irrigation water was saved. This implies that it can bring the same area of 

land in to production. In addition to that the highest total number of irrigation event (28) 

observed from treatment combination of 3 days interval with 75% ETc while the low total 

number of irrigation event(17), observed from treatment combination of 3 days interval with 

75% ETc which was leads to save labor cost, time and competition for irrigation water. 

Therefore, treatment combination receiving 75% ETc and 5 days irrigation interval seems 

economically productive when adopted by onion farmers.  

The result of the present study is in harmony with the result of Leskovar (2010) who reported 

that a certain level of water stress is applied to the crops in DI strategy either during specific 

growth stages or throughout the growing season, without necessarily causing significant yield 

reduction compared with the benefits achieved by diverting saved water to irrigate other crops. 
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Table 8.Water productivity, yield reduction %, water saved, calculated yield and extra land 

from saved water under the different treatment combinations against yield obtained at control 

IL /                             

%ETc 

II /                             

days 
AW/m

3

/ 

ha 

WP/kg/ 

m
3
 

WP/kg/ 

m
3
 

WP/kg/ 

m
3
 

YR/ 

% 

WS/ 

mm                                  

CY/kg/ 

ha                               

EL/ha                               

100 3 6570 27540 4.19 4.19 0 0 0 0 

5 6570 26400 4.02 4.02 4 0 0 0 

7 6570 24650 3.75 3.75 10.5 0 0 0 

75 3 5020 23100 4.6 3.52 16 155 7132.47 0.31 

5 5020 22310 4.44 3.4 19 155 6888.55 0.31 

7 5020 20200 4.02 3.07 26.7 155 6237 0.31 

50 3 3470 12850 3.7 2 53.3 310 11479.8 0.89 

5 3470 11690 3.37 1.78 57.6 310 10443.5 0.89 

7 3470 10000 2.88 1.5 63.7 310 8933.7 0.89 

25 

 

 

 

3 1920 3800 2.00 0.58 86 465 9203 2.4 

5 1920 3870 2.02 0.59 86 465 9372.65 2.4 

7 1920 3200 1.67 0.48 88.4 465 7750 2.4 

AW/m
3

/ha=applied water in meter cub per hectare, WP/kg/ m
3
=water productivity in meter 

cub per hectare, CWP/kg/ m
3
=crop water productivity in meter cub per hectare, YR/ %=Yield 

reduction in percent, WS=saved water in millimeter, CY=calculated Yield from saved water, 

EL=extra land irrigated from saved water in hectare.                                  

4.4. Yield Response Factor (Ky) 

The yield response factor (Ky) were obtained by relating relative yield decreases to relative 

crop water use deficits. The study showed that crop water use of the onion crop decreased with 

increase in irrigation deficit. 

Observed yield response factors (Ky) for onion bulb production ranged between 1 and 1.36, 

the lowest and highest being for treatment receiving 75%ETc with 3 days interval and 

treatmentreceiving 50%ETc with 7 days interval applications, respectively (Table 15). 

The Ky value that is higher than 1.0 explains that onion yield decrement was higher than 

relative evapotranspiration that was increased by reduced applied irrigation water. Onion 

cultivated under deficit irrigation was reported to have aKy value of 1.1 by Doorenbos and 

Kassam (1986) and 1.54 by Bhagyawant et al. (2015). 
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Table 9. Relationship between the decrease in relative water use and decrease in relative yield 

for onion 

IL (%ETc) II (days) AW (m
3 

ha
-1

) Mar(kgha
-1

)                       1-ETa/ETm 1-Ya/Ym Ky 

100 3 6570 27540 0 0 - 

 5 6570 26400 0 0.04 - 

 7 6570 24650 0 0.1 - 

75 3 5020 23100 0.2 0.2 1 

 5 5020 22310 0.2 0.2 1 

 7 5020 20200 0.2 0.27 1.35 

50 3 3470 12850 0.47 0.53 1.13 

 5 3470 11690 0.47 0.58 1.2 

 7 3470 10000 0.47 0.64 1.4 

25 3 1920 3800 0.71 0.86 1.2 

 5 1920 3870 0.71 0.86 1.2 

 7 1920 3200 0.71 0.88 1.24 

The higher Ky values indicate that the crop will have a greater yield loss when the crop water 

requirements are not met.  

4.5. Correlations Coefficient (r) 

The calculated values of correlations coefficient (r) between water productivity, yield and 

yield components are presented in Table 10. Water productivity showed high significant 

(p<0.05) correlation and positive association with plant height number of leaves per plant, 

neck diameter, bulb number (stand count at harvesting), bulb diameter, bulb weight, total bulb 

yield, marketable bulb yield and unmarketable bulb yield. 

The highest correlation coefficient in the research gave relationship between plant height with number 

of leave per plant, neck diameter and bulb weight; number of leaves per plant and neck 

diameter; neck diameter and bulb weight; total bulb yield and marketable bulb yield with bulb 

number at harvesting (r=+0.99**) followed by correlations between bulb number and plant height, 

number of leaves per plant and neck diameter; bulb weight with number of leaves per plant,  
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bulb number, total bulb yield and marketable bulb yield; neck diameter and marketable bulb 

yield (r=+0.98**).  

Table 10. Correlations coefficient (r) between water productivity, yield and yield components 

 Ph Ln Nd Bn Bd Bw YLD Mark Unmar WP 

Ph 1  0.99** 0.99** 0.96** 0.98** 0.99** 0.97** 0.97** 0.84** 0.88** 

Ln  1  0.99** 0.95** 0.98** 0.98** 0.96** 0.97** 0.83** 0.83** 

Nd   1**  0.96** 0.98** 0.99** 0.97** 0.98** 0.87** 0.89** 

Bn    1 0.95** 0.97** 0.99** 0.99** 0.92** 0.93** 

Bd     1  0.98** 0.95** 0.96** 0.82** 0.84** 

Bw      1  0.98** 0.98** 0.88** 0.90** 

YLD       1  0.99** 0.93** 0.93** 

Mark        1  0.91** 0.91** 

Unmar         1  0.95** 

IWUE          1 

Ph = plant height, Ln = number of leaves per plant, Nd = neck diameter, Bn = bulb number, 

Bd = bulb diameter, Bw = bulb weight, YLD = total bulb yield, Mark = marketable bulb yield, 

Unmar = unmarketable bulb yield and WP = Water productivity 
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5. SUMMARY AND CONCLUSIONS 

Based on the obtained results the season irrigation depth of onion varied from 192 to 657 mm 

in the growing seasons, the non-stressed with 3, 5 and 7 days interval treatments received the 

largest irrigation depths which was 657 mm whereas the most stressed 25% ETc with 3, 5 and 

7 days interval treatments got the smallest ones which was 192 mm. Total number of irrigation 

water application varied from 12 to 28. The highest total number of irrigation event, observed 

from treatment combination of 3 days interval with100, 75, 50 & 25% ETc while the lowest 

total number of irrigation event, observed from treatment combination of 3 days interval 

with100, 75, 50 & 25% ETc. 

Results of the field experiment revealed that the interaction effect of irrigation levels and 

irrigation intervals on plant height, neck diameter, bulb number,  bulb diameter, bulb weight 

and total bulb yield of onion plant were  (P<0.05) significantly difference. Leave number per 

plant and marketable bulb yield of onion plant were highly (P<0.01) significantly difference. 

However, unmarketable bulb yield was non significantly difference 

From this study it can be concluded that total bulb yield and marketable bulb yields and yield 

components except unmarketable yield were substantially affected by interaction effect of 

irrigation levels and irrigation intervals on similar fashion; means all parameters value were 

decreased by increasing soil moisture stress. Shorter interval with higher level of irrigation had 

the better performance on all studied parameters, except for unmarketable bulb yield, while the 

most stressed had low performance on all studied parameters, except for unmarketable bulb 

yield 

The highest marketable bulb yield (27540 kg ha
-1

) was obtained in control treatment which 

was statistically at par with treatment combination of 100% ETc and 5 days irrigation interval. 

The lowest marketable bulb yield (3200 kgha
-1

)was recorded from the treatment combination 

of 25% ETc and 7 days irrigation. The highest water productivity (1.67 kgm
-3

) was recorded 

from treatment receiving 25% ETc at 7 days irrigation intervals; while the lowest water 

productivity (1.67 kgm
-3

) was recorded from treatment receiving 25% ETc at 7 days irrigation 

intervals. The water productivity for onion ranged from 1.67 to 4.6  kgm
-3

. Also yield response 
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factors (Ky) for onion bulb production ranged between 1 and 1.36, the lowest and highest 

being for treatment receiving 75%ETc with 3 days interval and treatment receiving 50%ETc 

with 7 days interval applications, respectively. 

Water productivity showed high significant (p<0.05) correlation and positive association with 

plant height number of leaves per plant, neck diameter, bulb number (stand count at 

harvesting), bulb diameter, bulb weight, total bulb yield, marketable bulb yield and 

unmarketable bulb yield. 

The treatment combination of 75% ETc and 3 days irrigation interval consumed 25% less 

water as compared to control treatment, though; yield was reduced by 16% (4440 kgha
-1

). If 

the saved water is used to produce onion at the same irrigation scheduling, it will produce bulb 

yield 7132.47 kgha
-1

 this exceeds the loss of onion bulbs occurred due to deficit irrigation by 

2692 kgha
-1

. This implies that it can bring 0.31 ha area of land in to production and increasing 

the irrigated area with the saved water would compensate for any yield loss which was no 

significant different with treatment combination of 75% ETc and 5 days irrigation interval 

though; equivalent irrigation water was saved. This implies that it can bring the same area of 

land in to production. In addition to that the highest total number of irrigation event (28) 

observed from treatment combination of 3 days interval with 75% ETc while the low total 

number of irrigation event(17), observed from treatment combination of 3 days interval with 

75% ETc which was leads to save labor cost, time and competition for irrigation water. 

Therefore, treatment combination receiving 75% ETc and 5 days irrigation interval seems 

economically productive when adopted by onion farmers.  

Based on the findings obtained from one cropping season, the following recommendations 

could be made: In the study areas water is a limiting factor, it is possible to get better yield and 

water productivity when we apply 75 % ETc with 5 days interval. Also, in areas when water is 

not scarce adopting 100% ETc with 5 days irrigation level is recommended. It is also 

recommended that further research work be carried out to evaluate economic water 

productivity with limited irrigation. 
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7.1. Appendix I. Tables 

Appendix Table 1.Irrigation scheduling for 3 days defined interval as given by CROPWATT 

Date Day Stage Rain Ks Eta Depl Net Irr Deficit Loss Gr. Irr Flow  

   mm fract. % % mm mm mm mm l/s/ha 

3 Jan 3 Init 0.0 0.93 97 40 21.7 0.0 0.0 36.1 1.39  

6 Jan 6 Init 0.0 1.00 100 16 9.4 0.0 0.0 15.6 0.60  

9 Jan 9 Init 0.0 1.00 100 15 9.4 0.0 0.0 15.6 0.60  

11 Jan 11 Init 0.0 1.00 100 9 6.3 0.0 0.0 10.5 0.61  

14 Jan 14 Init 0.0 1.00 100 13 9.5 0.0 0.0 15.8 0.61  

17 Jan 17 Dev 0.0 1.00 100 13 9.5 0.0 0.0 15.8 0.61  

20 Jan 20 Dev 0.0 1.00 100 12 9.5 0.0 0.0 15.8 0.61  

23 Jan 23 Dev 0.0 1.00 100 14 11.5 0.0 0.0 19.1 0.74  

26 Jan 26 Dev 0.0 1.00 100 13 11.5 0.0 0.0 19.1 0.74  

29 Jan 29 Dev 0.0 1.00 100 12 11.5 0.0 0.0 19.1 0.74  

1 Feb 32 Dev 0.0 1.00 100 13 12.3 0.0 0.0 20.5 0.79  

4 Feb 35 Dev 0.0 1.00 100 14 13.9 0.0 0.0 23.1 0.89  

7 Feb 38 Dev 0.0 1.00 100 13 13.9 0.0 0.0 23.1 0.89  

10 Feb 41 Dev 0.0 1.00 100 12 13.9 0.0 0.0 23.1 0.89  

13 Feb 44 Dev 0.0 1.00 100 14 16.1 0.0 0.0 26.8 1.03  

16 Feb 47 Dev 0.0 1.00 100 13 15.7 0.0 0.0 26.2 1.01  

19 Feb 50 Mid 0.0 1.00 100 12 14.9 0.0 0.0 24.9 0.96  

22 Feb 53 Mid 0.0 1.00 100 13 15.6 0.0 0.0 26.0 1.00  

25 Feb 56 Mid 0.0 1.00 100 13 15.9 0.0 0.0 26.6 1.03  

28 Feb 59 Mid 0.0 1.00 100 13 15.9 0.0 0.0 26.6 1.03  

3 Mar 62 Mid 0.0 1.00 100 14 17.1 0.0 0.0 28.4 1.10  

6 Mar 65 Mid 0.0 1.00 100 14 17.1 0.0 0.0 28.4 1.10  

9 Mar 68 Mid 0.0 1.00 100 14 17.1 0.0 0.0 28.4 1.10  

12 Mar 71 Mid 0.0 1.00 100 15 17.6 0.0 0.0 29.3 1.13  

15 Mar 74 Mid 0.0 1.00 100 15 17.9 0.0 0.0 29.8 1.15  

18 Mar 77 End 0.0 1.00 100 15 17.9 0.0 0.0 29.8 1.15  

21 Mar 80 End 0.0 1.00 100 14 17.0 0.0 0.0 28.3 1.09  

24 Mar 83 End 0.0 1.00 100 13 15.3 0.0 0.0 25.5 0.98  

27 Mar 86 End 0.0 1.00 100 13 15.3 0.0 0.0 25.5 0.98  

30 Mar 89 End 0.0 1.00 100 13 15.3 0.0 0.0 25.5 0.98  

2 Apr 92 End 0.0 1.00 100 11 13.5 0.0 0.0 22.4 0.87  

5 Apr 95 End 0.0 1.00 100 10 12.6 0.0 0.0 20.9 0.81  

8 Apr End End 0.0 1.00 0 7       
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Appendix Table 2.Irrigation scheduling for 5 days defined interval as given by CROPWATT 

Date Day Stage Rain Ks Eta Depl Net Irr Deficit Loss Gr. Irr Flow  

   mm fract. % % mm mm mm mm l/s/ha 

3 Jan 3 Init 0.0 0.93 97 40 21.7 0.0 0.0 36.1 1.39  

8 Jan 8 Init 0.0 1.00 100 25 15.6 0.0 0.0 26.1 0.60  

13 Jan 13 Init 0.0 1.00 100 23 15.8 0.0 0.0 26.3 0.61  

18 Jan 18 Dev 0.0 1.00 100 21 15.8 0.0 0.0 26.4 0.61  

23 Jan 23 Dev 0.0 1.00 100 21 17.8 0.0 0.0 29.7 0.69  

28 Jan 28 Dev 0.0 1.00 100 21 19.1 0.0 0.0 31.9 0.74  

2 Feb 33 Dev 0.0 1.00 100 21 20.7 0.0 0.0 34.5 0.80  

7 Feb 38 Dev 0.0 1.00 100 22 23.1 0.0 0.0 38.5 0.89  

11 Feb 42 Dev 0.0 1.00 100 17 19.2 0.0 0.0 32.0 0.93  

17 Feb 48 Mid 0.0 1.00 100 26 31.4 0.0 0.0 52.4 1.01  

22 Feb 53 Mid 0.0 1.00 100 21 25.6 0.0 0.0 42.6 0.99  

27 Feb 58 Mid 0.0 1.00 100 22 26.6 0.0 0.0 44.3 1.03  

4 Mar 63 Mid 0.0 1.00 100 23 28.1 0.0 0.0 46.8 1.08  

9 Mar 68 Mid 0.0 1.00 100 24 28.4 0.0 0.0 47.4 1.10  

14 Mar 73 Mid 0.0 1.00 100 25 29.5 0.0 0.0 49.2 1.14  

19 Mar 78 End 0.0 1.00 100 25 29.8 0.0 0.0 49.6 1.15  

24 Mar 83 End 0.0 1.00 100 22 26.3 0.0 0.0 43.9 1.02  

29 Mar 88 End 0.0 1.00 100 21 25.5 0.0 0.0 42.4 0.98  

3 Apr 93 End 0.0 1.00 100 19 22.7 0.0 0.0 37.9 0.88  

8 Apr End End 0.0 1.00 0 14  
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Appendix Table 3. Irrigation scheduling for 7 days defined interval as given by CROPWATT 

Date Day Stage Rain Ks Eta Depl Net Irr Deficit Loss Gr. Ir      Flow  

   mm fract. % % mm mm mm mm l/s/ha 

3 Jan 3 Init 0.0 0.93 97 40 21.7 0.0 0.0 36.1 1.39  

10 Jan 10 Init 0.0 1.00 100 34 21.9 0.0 0.0 36.5 0.60  

17 Jan 17 Dev 0.0 1.00 100 29 22.2 0.0 0.0 36.9 0.61  

24 Jan 24 Dev 0.0 1.00 100 29 24.8 0.0 0.0 41.3 0.68  

31 Jan 31 Dev 0.0 1.00 100 28 26.8 0.0 0.0 44.6 0.74  

7 Feb 38 Dev 0.0 1.00 100 30 32.3 0.0 0.0 53.9 0.89  

14 Feb 45 Dev 0.0 1.00 100 30 35.3 0.0 0.0 58.9 0.97  

21 Feb 52 Mid 0.0 1.00 100 30 35.6 0.0 0.0 59.3 0.98  

28 Feb 59 Mid 0.0 1.00 100 31 37.2 0.0 0.0 62.0 1.03  

7 Mar 66 Mid 0.0 1.00 100 33 39.8 0.0 0.0 66.4 1.10  

14 Mar 73 Mid 0.0 1.00 100 34 40.9 0.0 0.0 68.1 1.13  

21 Mar 80 End 0.0 1.00 100 34 40.8 0.0 0.0 68.0 1.12  

28 Mar 87 End 0.0 1.00 100 30 35.6 0.0 0.0 59.4 0.98  

4 Apr 94 End 0.0 1.00 100 27 32.0 0.0 0.0 53.4 0.88  

8 Apr End End 0.0 1.00 0 10 
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Appendix Table 4. Time required irrigating 12m2 to a varying depth and discharge under 

different treatment. 

AN

o 

PF

H 

q Time of irrigation in 

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 

1 7 2.7 2.6 2.6 2.6 2.67 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 

2 7 2.7 1.2 1.9 2.7 0.87 1.4 2.0 0.6 1.0 1.4 0.3 0.5 0.7 

3 7 2.7 1.2 1.9 2.7 0.8 1.5 2.1 0.6 1.0 1.4 0.3 0.5 0.7 

4 7 2.7 0.8 1.9 3.0 0.59 1.4 2.3 0.4 1.0 1.5 0.2 0.5 0.8 

5 7 2.7 1.2 2.0 3.3 0.9 1.7 2.5 0.6 1.1 1.6 0.3 0.5 0.8 

6 7 2.7 1.2 2.4 4.0 0.9 1.7 3.0 0.6 1.2 2 0.3 0.6 1 

7 7 2.7 1.2 2.6 4.4 0.9 1.9 3.3 0.6 1.3 2.2 0.3 0.6 1.1 

8 8 2.3 1.1 2.2 3.4 0.8 1.6 2.5 0.5 1.1 1.7 0.3 0.5 0.8 

9 8 2.3 1.1 1.8 3.5 0.82 1.4 2.6 0.5 0.9 1.8 0.3 0.5 0.9 

10 8 2.3 1.1 3 3.8 0.8 2.2 2.8 0.5 1.5 1.9 0.27 0.5 0.9 

11 6 2.3 1.8 3.7 5.9 1.3 2.8 4.4 0.9 1.8 3 0.4 0.9 1.5 

12 6 2.3 2.0 3.9 5.9 1.5 2.9 4.4 1 1.9 3 0.5 0.9 1.5 

13 6 2.3 2.0 4.1  1.5 2.9  1 2.0  0.5 1.0  

14 6 2.3 2.0 4.1  1.5 3.1  1 2.1  0.5 1.0  

15 6 2.3 2.3 4.3  1.8 3.2  1.2 2.1  0.6 1.1  

16 6 2.3 2.3 4.3  1.7 3.2  1.1 2.1  0.6 1.1  

17 6 2.3 2.3 3.8  1.6 2.9  1.1 1.9  0.6 1.0  

18 5 1.7 3.1   2.3   1.5   0.8   

19 5 1.7 3.1   2.3   1.6   0.8   

20 5 1.7 3.1   2.3   1.5   0.8   

21 5 1.7 3.3   2.5   1.6   0.8   

22 5 1.7 3.3   2.5   1.6   0.8   

23 5 1.7 3.3   2.5   1.7   0.8   

24 5 1.7 3.4   2.6   1.3   0.9   

25 5 1.7 3.5   2.6   1.3   0.9   

26 5 1.7 3.5   2.6   1.3   0.9   

27 5 1.7 3.3   2.5   1.7   0.8   

28 5 1.7 3   2.3   1.1   0.7   

ANo = Application number, PFH =  PF head incm and q =  discharge in ls
-1
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Appendix Table 5. Daily observation of rainfall amount (mm) during the experimentation 

period, 2017 

Months 

Date   January February March April 

     

1 0 0 0 0 

2 0 0 0 0.3 

3 0 0 0 0 

4 0 0 0 2.3 

5 0 0 0  

6 0 0 0 0.3 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 1.1 0 

10 0 0 0 0 

11 0 0.6 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0.6 0 0  

17 0 0 0  

18 0 0.2 0  

19 2.8 0 0  

20 0 0 0  

21 0 0 0  

22 0 0 0  

23 0 0 0.2  

24 0 0 0  

25 0 1.5 0  

26 0 0 0  

27 0 0 0  

28 0 0 0  

29 0 0 0  

30 0 0 0.6  

31 0 0 0.1  
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Appendix Table 6. Analysis of variance for plant height 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 1642.38 547.46 3143** 

Irrigation intervals  2 86.5 43.25 248** 

Replication 2 20.91 10.45 60
 ns

 

Irrigation levels* Irrigation 

intervals 

6 14.89 2.48 14* 

Error 12 2.09 0.17  

Corrected Total 35 1768.98   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom 

Appendix Table 7. Analysis of variance for plant leaf number 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 201.67 67.22 10083.1** 

Irrigation intervals  2 8.34 4.18 627.79** 

Replication 2 2.67 1.33 200.04
ns

 

Irrigation levels* Irrigation 

intervals 

6 0.83 0.14 20.79** 

Error 12 0.08 0.01  

Corrected Total 35 214   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom 

Appendix Table 8. Analysis of variance for neck diameter 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 7.98 2.66 798** 

Irrigation intervals  2 0.38 0.19 56.44** 

Replication 2 0.18 0.09 27.56
ns

 

Irrigation levels* Irrigation 

intervals 

6 0.08 0.01 3.94* 

Error 12 0.04 0.003  

Corrected Total 35 8.66   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom 
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Appendix Table 9. Analysis of variance for bulb number 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 290978.75 96992.92 4120** 

Irrigation intervals  2 3574.50 1787.25 75.92** 

Replication 2 81.17 40.58 1.72
ns

 

Irrigation levels* Irrigation 

intervals 

6 545.5 90.92 3.86* 

Error 12 282.5 23.54  

Corrected Total 35 295726.75   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom 

Appendix Table 10. Analysis of variance for bulb diameter 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 43,42 14.47 2605.01** 

Irrigation intervals  2 2.91 1.45 261.56** 

Replication 2 0.74 0.37 66.15
ns

 

Irrigation levels* Irrigation 

intervals 

6 0.15 0.02 4.46* 

Error 12 0.067 0.006  

Corrected Total 35 47.61   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom 

Appendix Table 11. Analysis of variance for bulb weight 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 4105.21 1369.4 2256.64** 

Irrigation intervals  2 156.26 78.1 128.84** 

Replication 2 47.6 23.8 39.25
ns

 

Irrigation levels* Irrigation 

intervals 

6 15.18 2.53 4.17* 

Error 12 7.28   

Corrected Total 35 4346.467   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom 
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Appendix Table 12. Analysis of variance for total bulb yield 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 3749.32 1249.77 3809.64** 

Irrigation intervals  2 46.38 23.19 70.7**  

Replication 2 8.4 4.2 12.81
ns

 

Irrigation levels* Irrigation 

intervals 

6 6.87 1.15 3.49* 

Error 12 3.94 0.33  

Corrected Total 35 3818.48   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom 

Appendix Table 13. Analysis of variance for marketable yield 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 2807.28 935.76 6293.76** 

Irrigation intervals  2 33.79 16.89 113.65* 

Replication 2 12.76 6.38 42.91
ns

 

Irrigation levels* Irrigation 

intervals 

6 6.15 1.03 6.90** 

Error 12 1.78 0.15  

Corrected Total 35 2863.14   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom. 

Appendix Table 14. Analysis of variance for unmarketable bulb yield 

Source DF Sum of Squares Mean Square F Value 

Irrigation levels                            3 73.38 24.46 429.61** 

Irrigation intervals  2 1.42 0.71 12.44* 

Replication 2 1.39 0.69 12.18
ns

 

Irrigation levels* Irrigation 

intervals 

6 0.39 0.07 1.16
ns

 

Error 12 0.68 0.06  

Corrected Total 35 78.14   

**highly significant (p<0.01), *significant (p<0.05), ns – non significant, DF= degree of 

freedom 

 

 

 


