Effect of Furrow Irrigation Methods on Yield, Yield Components and Water Productivity of Head Cabbage at Mid Land of Shakiso, Southern Ethiopia.
[bookmark: _GoBack]Abstract: Available fresh water resources are subjected to an ever-increasing pressure due to extensive agricultural water demand for irrigated land. The experiment was conducted in Odo Shakiso district during 2022/23 and 2023/24 irrigation seasons. The aim of this study was to evaluate the effect of Alternative, Fixed and Conventional furrow irrigation methods on Head Cabbage yield and water use efficiency. The experiment has two factors laid out in RCBD with three replications. The factors are three furrow irrigation methods (CFI, AFI, and FFI) and three level of irrigation applications (100% ETc, 85% ETc, and 70% ETc). The result shows that different irrigation methods with deficit level were not affected plant height, plant height and unmarketable yield of head cabbage. Nevertheless, analysis of variance revealed that interaction effect of furrow irrigation method and irrigation levels showed highly significantly (P<00.1) effects on the marketable head yield and water productivity of head cabbage. The highest yield as 55.31t/ha, was obtained from conventional with 100% ETc and the lowest yield (30.92 t/ha) was obtained under fixed furrow irrigation with 70% ETc. Maximum water productivity of 22.06 kg/m3was observed at treatment of alternative furrow irrigation with 70 % ETc followed by fixed furrow irrigation with 70% ETc as  19.72 kg/m3. Based on partial budget analysis, the highest net benefit (539,430 birr/ha) with MRR (1743) was obtained from treatment of AFI with 100% ETc. Therefore, to save water, labour and time without significant yield reduction alternative furrow irrigation with 100% ETc is recommended in water scarce area of Odo Shakiso districts and similar agro ecology with similar soil types.      
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1. 
2. Introduction
Water availability and accessibility are the most significant constraining factors for crop production in arid and semiarid area of the world. As a consequence of increasing water scarcity and drought, resulting from climate change, considerable water use for irrigation is expected to occur in the situation of threatening competition between farming and other sectors of the economy [15]. The opportunity for further irrigation development to meet food demand in the future is constrained by decreasing water resources availability and growing competition for clean water [12]. Consequently, as they stated mechanisms which increase water productivity of the irrigation scheme should be introduced. Improvement of irrigation water management is described as the vital issue in copping up with crop irrigation needs and future water scarcity. One of the irrigation management practices which could result in water saving through deficit level is alternate and fixed furrow irrigation system. The studies of [8] improved by converting conventional furrow irrigation to alternate furrow irrigation (AFI) in order to increase water use efficiencies.
Furrow irrigation is characterized by low application efficiency as 45%–60%and causes significant water losses, mainly due to excess application leading to deep percolation from the irrigated area [18]. However, alternate and fixed furrow irrigation (AFI and FFI) greatly reduce the amount of surface wetted, leading to less evapotranspiration and less deep percolation. It is reported that AFI technique where two neighboring furrows interchangeably receive irrigation water during successive irrigation periods can save irrigation water under limited water resources and improve crop water productivity for different crops and environments compared to conventional furrow irrigation [4]. Several research finding demonstrated that, FFI where only one furrow receives irrigation and adjacent one furrow remain dry throughout the growth period which can saves water and with negligible reduction when compared with convectional furrow irrigation [16]. 
In Odo Shakiso district, which is located in the Guji zone, there is suitable land for surface irrigation to produce head cabbage, but water is the most limiting factor to produce irrigated crops in the area. Moreover, the community of the study area has lack of awareness and knowledge on improved and diversified irrigation water management practice. On the other hand in Guji zone there is gap and un address site by such study and/ or water management related studies.  The farming communities have no or limited knowledge about crop demanded water application as well as deficit irrigation practice or method for irrigated crop production. Therefore, by considering limited or scarce of resource of irrigation water  in the area this study was aimed to evaluate the appropriate irrigation method and deficit level on head cabbage yield and water use efficiency in Odo Shakiso district of Guji zone. 
3. [bookmark: _Toc99547498]Material and Methods
3.1. [bookmark: _Toc99547499]Description of the study area
[bookmark: _Toc99547500]The experiment was conducted for two consecutive years (2022/23 and 2023/24) in Odo Shakiso district Guji zone of Oromia region of Ethiopia. The district is located 495 km South of Addis Ababa and 20 km from Adola, the city of Guji zone. Odo Shakiso district is geographically located at 05° 36' 30" to 05° 58' 30" N and 38° 40' 00" to 39° 00 '00" E longitude with an altitude range of 1500 and 2000 m a.s.l. Long-term climatic record of nearest meteorological station showed an average minimum and maximum temperature of 12 and 26.3°C respectively (Table 1). Odo Shakiso district receives a mean annual rainfall of 958 mm with maximum rainfall during autumn season. The most commonly grown crops in the district are wheat, barley, corn, teff, kidney beans, chickpeas, flaxseed, canola, fruits and vegetables.
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Figure 1. Location Map of the study area
3.2. 
3.3. Climate data	
The average climatic data (maximum and minimum temperature, relative humidity, wind speed, sun shine hours and precipitation) of the study area were obtained from the nearest Adola meteorological station. The potential evapotranspiration (ETo) was estimated using CROPWAT software version 8.0.

Table 1. Long-term climatic data of the study area.
	Month
	
	Min. Temp (°C)
	Max. Temp (°C)
	Humidity (%)
	Wind (m/s)
	Sunshine  hour 
	Effective rain (mm)

	January
	
	9.8
	28.4
	79
	1.1
	7.9
	20

	February
	
	8.9
	29.4
	71
	1.2
	7.5
	30

	March
	
	10.7
	29.0
	75
	2.1
	7.0
	87

	April
	
	13.2
	27.3
	80
	1.5
	6.6
	224

	May
	
	14.1
	26.1
	81
	1.3
	6.4
	116

	June
	
	13.6
	24.9
	83
	1.2
	5.9
	43

	July
	
	13.4
	23.3
	86
	1.1
	4.9
	35

	August
	
	13.4
	23.6
	83
	1.2
	5.8
	50

	September
	
	13.6
	25.7
	79
	1.0
	6.0
	72

	October
	
	12.9
	25.8
	81
	1.1
	5.8
	160

	November
	
	10.4
	26.2
	77
	0.9
	7.3
	87

	December                           
	
	10.1
	26.0
	85
	0.8
	7.8
	34

	Average
	
	12
	26.3
	80
	1.2
	6.6
	958


[bookmark: _Toc99547502][bookmark: _Toc99547501]
3.4. 
3.5. Soil sampling and analysis 
The representative composite soil samples were collected with soil depths of 0 –20 cm, 20 – 40 cm, and 40 – 60 cm to determine the physical properties of soil (textural class, bulk density, FC, PWP, and TAW) and chemical properties (pH, organic matter (OM) and electrical conductivity (EC)). The particle size distributions in the soil profiles were determined using a hydrometric method as stated by [22]. Soil pH was measured in 1:2.5 soils: water mixture by using a pH meter. Organic carbon content was determined by titration method using chromic acid (potassium dichromate + H2SO4) digestion according to [21] method. Field capacity and permanent wilting point of the soil were analysed through a pressure plate apparatus in the laboratory with a pressure of 1/3 bar (for field capacity) and 15 bars (for permanent wilting point). The bulk density of the soil was determined using undisturbed soil samples using a core sampler having a dimension of 2.5 cm diameter and height of 2.5cm (12.27 cm3). Then bulk density was calculated as the ratio of the dry weight of the soil to the known cylindrical core sampler volume as the following (Eq. 1).
      (1)
3.6. Experimental Design and Treatments  
The experiment was consisted three furrow irrigation methods (CFI, AFI, and FFI) and three levels of irrigation application (100%ETc, 85%ETc, and 70%ETc). The experimental arrangement was a factorial arrangement resulting 9 treatment combinations (Table 2). The convectional furrow irrigation application with 100% ETc was used a control. The experiment was laid out in randomized complete bock design with three replication. 
Table 2. Treatment combination 
	Treatment Combination
	Description

	AFI 100%
	Alternative furrow irrigation with 100% ETc 

	AFI 85%
	Alternative furrow irrigation with 85% ETc 

	AFI 70%
	Alternative furrow irrigation with 85% ETc 

	FFI 100%
	Fixed furrow irrigation with 100% ETc 

	FFI 85%
	Fixed furrow irrigation with 85% ETc 

	FFI 70%
	Fixed furrow irrigation with 70% ETc

	CFI 100%
	Convectional furrow irrigation with 100% ETc 

	CFI 85%
	Convectional furrow irrigation with 85% ETc

	CFI 70%
	Convectional furrow irrigation with 70% ETc


3.7. Head Cabbage Agronomy
Hybrid head cabbage of sakata variety was sawn on seed bed and transplanted to the experimental plot after 45 day. The experimental field was divided into 27 plots and each plot size was 3.5 m by 4 m in dimension. Space between plots and blocks was 1 and 1.5 m respectively. The distance between furrows was 70 cm with a total of 5 rows per plot and along the ridge 40 cm between plants with 10 number of seedling in each rows. The treatments were received 100 kg/ha of NPS fertilizer during planting and 200 kg ha-1 of Urea in split form in which half of it was applied during transplanting and half of it 40 days after transplanting.
3.8. Water requirement and irrigation scheduling determination 
Reference evapotranspiration (ETo) was estimated by the CROPWAT software version 8.0 using the FAO Penman-Monteith approach [2] from long-term daily weather data collected from Adola meteorological station. The crop coefficient was collected from FAO Irrigation and Drainage Paper 56 given by [2]. Crop water requirement, ETc was estimated by multiplying the reference evapotranspiration (ETo) value with the established Kc value (Eq. 2).
ETc=ETo*Kc                                                     (2)
Where, ETc = Crop evapotranspiration (mm/day), Kc = crop coefficient, and ETo = reference crop evapotranspiration (mm/day). 
The total available water (TAW), stored in a unit volume of soil, was estimated by taking the difference between the water content at field capacity (FC) and at permanent wilting point (PWP) using [2] (Eq. 3).
                                      (3)
Where TAW=Total available water (%), FC and PWP in % on weight basis, BD= Bulk density of the soil (gm cm-3) and DZ= maximum effective root zone depth (mm)
Readily Available Water (RAW) is the amount of water that crops can extract from the root zone without experiencing any water stress. The RAW was computed from the expression in (Eq. 4)
                                                       (4)
Where, RAW is the readily available water or net irrigation depth, IRn (mm), p is allowable permissible soil moisture depletion fraction and TAW is total available water in the root depth (mm).
Whenever there is rainfall between irrigation, the IRn was calculated based on [2] as follows 
IRn = ETc - Pe                                                            (5)
Where, IRn =Net irrigation requirement (mm), ETc = crop evapotranspiration (mm) and Pe = effective rainfall (mm) which is part of the rainfall that enters into the soil and makes available for crop production. The effective rainfall (pe) was estimated using the method given by [2] as.
Pe = 0.6 * RF – 10/3 for RF month <= 70 mm or
Pe =0.8*RF–24/3 for RF month > 70mm                   (6)
Where, Pe (mm) = effective rainfall and P (mm) = actual monthly rainfall. 
The gross irrigation requirements account for losses of water incurred during conveyance and application to the field. This is expressed in terms of efficiencies when calculating project gross irrigation requirements from net irrigation requirements. Daily gross irrigation was estimated using the following equation [1]: 
                                                                   (7)
Where, IRg= gross irrigation requirement (mm), ETc = crop evapotranspiration (mm/day)/net irrigation water requirement and Ea= irrigation efficiency
Irrigation interval, f, was estimated using the following (Eq. 8).
                                                                        (8)
Where, f is irrigation interval (day), IRn =Net irrigation requirement (mm) and ETc is mean daily crop water requirement (mm day-1)
The required depth of irrigation water required was applied using 3-inch Parshall flume installed at 10 m away from the first plot of the first block. Irrigation water was provided for the control treatment when 45% of the total available water within the root depth was depleted. The remaining treatments received the allocated percentage of control treatment in the same date. The gross irrigation application was estimated by using average application efficiency of 60% for furrow irrigation according to [17]. The time required to irrigate each treatment was calculated from the ratio of the volume of applied water to the discharge-head relation of the 3-inch Parshall flume. The time required to deliver the desired depth of water into each furrow was calculated using an equation given by [14].
9)
Where, T= Application time (min), A= Area to be irrigate (m2), d= gross irrigation depth of water to be applied (cm) q= Flow rate of Discharge (l/s)
3.9. Data collection
The data collection was made on the three middle rows, leaving two outer rows in order to avoid border effects. Five plants were taken randomly from three middle rows of each experimental plot for recording observation on growth and yield parameters. The parameters include: Plant height (cm), head height (cm), head diameter (cm), marketable head yield (kg/ha) and unmarketable head yield (kg/ha). 
3.9.1. Plant height (cm): Plant height measured as the distance in centimetre from the soil surface to the top most point of the sample plants at physiological maturity. It was determined by randomly taking the height of five plants in each plot from three central rows using meter tape.
3.9.2. Head height (cm): Head height was determined by randomly taking the head height of five plants in each plot from three central rows using meter tape.
3.9.3. Head diameter (cm): Five marketable head cabbage from each plot were collected. Head’s diameter was measured by using meter tape.
3.9.4. Marketable head yield: Marketable head yield was recorded as the weight of marketable head collected from the central three harvestable rows. Head cabbages were sorted by size as pictorial parameters for marketable grade and their weight was recorded and converted to kg/ha.
3.9.5. Unmarketable head yield: Unmarketable head yield was recorded as weight of head cabbage collected from the central three harvestable rows. Unmarketable cabbages were sorted out of the total depending on size, damaged by insect and wasted shape. 
3.10. Irrigation Water use Efficiency (IWUE)
Water use efficiency was determined based on the ratio of crop yield per hectare to the net irrigation depth (mm) [6].

3.11. [bookmark: _Toc67429101]Economic analysis
To assess costs and benefits associated with the partial budget technique as described by [7] was applied on the yield results. The cost and benefit of each treatment was analysed partially. Yield and economic data were computed to compare the advantage of different furrow irrigation methods and application levels of each treatment. The total cost mainly includes operating and variable costs. Operating costs (labor, land preparation, seeds, fuel, fertilizers and implement costs) were based on the planted area. Variable costs depended on the number of irrigation events, labour and water unit price. The net income (NI) was calculated by subtracting total variable cost (TVC) from total Return (TR) as follows:

Marginal analysis compares the net benefits with the total variable cost of different treatments. Marginal rate of return (MRR) was calculated by percentage change in benefit over change in total variable cost in moving from a lower cost treatment to a higher one using (equation 12). Local market price of head cabbage was assessed during the harvest time and was changed to hectare bases. 
                                       (12)  
Where, MRR = Marginal rate of return, MNB = Marginal net benefit, MC = Marginal cost 
3.12. [bookmark: _Toc67429104]Data analysis
Data were analyzed using Genstat software 18th edition following the standard procedures applicable for RCBD. When the treatment effects were found significant, mean separation was done using LSD to compare the statistical difference among treatment means at 5% probability level.
4. Result and Discussion
4.1. Soil physical and chemical properties of experimental site
The result of the soil textural analysis from the experimental site is presented in Table 3. The average bulk density of the study area was 1.42 g/cm3, which is below the critical threshold level 1.45 g/cm3, and it was suitable for crop root growth [13]. According to the USDA soil textural classification system, the soil of the experimental field was classified as clay, clay loam, sandy clay loam, and clay loam at a depth of 0–20 cm, 20–40 cm, and 40–60 cm, respectively.  

Table 3.Soil physical properties of the site 
	Depth (cm)
	Bulk Density (g/cm3)
	FC (%)
	PWP (%)
	TAW(mm/m)
	Particle size distribution (%)
	Textural class

	
	
	
	
	
	 Sand
	Silt 
	Clay
	

	0-20
	1.36
	26.5
	18.4
	113.4
	44
	23
	33
	Clay 

	20-40
	1.40
	26.1
	20.2
	89.1
	48
	25
	22
	Clay loam

	40-60
	1.51
	28.7
	20.0
	118.3
	12
	23
	65
	Sandy clay loam

	Average
	1.42
	27.1
	19.5
	107.9
	34.7
	23.7
	40.0
	Clay loam



As indicated in Table 4, the average pH value of the experimental site throughout depth was found nearest to neutral, with an average value of 6.73. The soil had an average electrical conductivity of 0.13 dS/m through a 0 - 60 cm profile which is below the threshold value for cabbage yield reduction, i.e. 0.7 to 0.9 dS/m [20]. The OM content and OC content of the soil had average values of 1.997% and 3.45%, respectively which indicates a high soil fertility level (OC > 1%) and is suitable for vegetable production [5].

Table 4.Soil chemical properties of the experimental site 
	Depth (cm)
	pH
	EC (Ds/m)
	
	OM (%)

	0-20
	6.2
	0.092
	
	4.04

	20-40
	6.7
	0.140
	
	3.69

	40-60
	7.3
	0.159
	
	2.61

	Average
	6.7
	0.130
	
	3.45


4.2. 
4.3. Depth of irrigation water applied and water saved from each treatments
Irrigation water depth of 716.3 mm was given to the head cabbage for its entire growing period under conventional furrow irrigation with full irrigation applied (CFI 100% ETc). For CFI 85% ETc, 85% of full irrigation (608.86 mm) was applied, while for CFI 70% ETc irrigation depth of 501.41 mm was applied in CFI. In both AFI 100% ETc and FFI 100% ETc treatments, total irrigation depth of 358.15 mm was given under full irrigation treatment, because water was applied to half of the plot area through alternate and fixed furrows, respectively. For AFI 85%ETc, FFI 85% ETc and AFI 70% ETc, FFI 70% ETc irrigation depth of 304.43 mm and 250.71 mm of water was applied respectively. Maximum irrigation water was saved under alternative furrow irrigation and fixed furrow irrigation with 70% ETc followed alternative furrow and fixed furrow with 85% ETc.

Table 5. Water applied for each treatment 
	Head cabbage growth stages (days)
	Amount of water saved (%)

	Treatments
	Initial 
	Development 
	Mid  
	Late
	Total Irrigation (mm)
	

	AFI 100%
	76.25
	163.40
	94.35
	24.15
	358.15
	50.0

	AFI 85%
	64.81
	138.89
	80.20
	20.53
	304.43
	57.5

	AFI 70%
	53.38
	114.38
	66.05
	16.91
	250.71
	65.0

	FFI 100%
	76.25
	163.40
	94.35
	24.15
	358.15
	50.0

	FFI 85%
	64.81
	138.89
	80.20
	20.53
	304.43
	57.5

	FFI 70%
	53.38
	114.38
	66.05
	16.91
	250.71
	65.0

	CFI 100%
	152.50
	326.80
	188.70
	48.30
	716.30
	0.0

	CFI 85%
	129.63
	277.78
	160.40
	41.06
	608.86
	15.0

	CFI 70%
	106.75
	228.76
	132.09
	33.81
	501.41
	30.0


4.4. 
4.5. Effect of irrigation method and deficit level on head cabbage growth and yield parameters
4.5.1. Plant and Head height: The result showed that there is no significant (p< 0.05) difference between all treatments on plant height and head diameter of head cabbage (Table 6). Nevertheless, numerically, the highest and lowest plant height and head diameter were recorded under convectional furrow irrigation with 100% ETc and Fixed furrow irrigation with 70% ETc treatments respectively. However, the least plant height was recorded under irrigation application of fixed furrow irrigation with 70% ETc.
4.5.2. Head diameter: The analysis of variance revealed that the interaction effect of furrow irrigation method and irrigation levels showed significant (p≤ 0.05) differences on head diameter of head cabbage. The maximum head diameter of head cabbage (27.71 cm) was obtained under irrigation application of convectional furrow irrigation with 100% ETc, but this difference is statistically non-significant with irrigation application of convectional furrow irrigation with 85% ETc. The minimum head diameter (18.43 cm) was recorded under irrigation application of a fixed furrow with 70% ETc (Table 6). 
4.5.3. Unmarketable head yield: The irrigation methods with deficit level were not significantly (p≤ 0.05) affected the unmarketable head yield of head cabbage. But, numerically the maximum unmarketable head yield (8.716 t/ha) was obtained from treatment received irrigation application of fixed furrow irrigation with 100% ETc and the minimum (7.859 t/ha) was from irrigation water application of convectional furrow irrigation with 100% ETc (Table 6). 



Table 6.Effect furrow irrigation method and deficit level on head cabbage growth and yield parameters 
	Treatment Combination
	Plant Height (cm)
	Head Height (cm)

	Head diameter (cm)

	Unmarketable head yield (t/ha)
	Marketable head yield (t/ha)
	Water productivity (kg/m3)


	AFI 100% ETc.
	26.48
	14.37
	20.73abc
	8.474	
	50.33ab
	14.05c

	AFI 85% ETc. 
	25.51
	14.33
	21.97abc
	8.302
	42.44cd
	13.07cd

	AFI 70% ETc. 
	25.72
	13.92
	19.12bc
	8.729
	34.89ef
	22.06a

	FFI 100% ETc.
	26.14
	15.02
	20.47abc
	8.716
	39.79de
	11.85d

	FFI 85% ETc. 
	25.39
	14.37
	19.52bc
	7.995
	41.70d
	13.70c

	FFI 70% ETc.
	25.26
	13.81	
	18.43c
	8.028
	30.92f
	19.72b

	CFI 100% ETc.
	26.94	
	16.49
	27.71a
	7.859
	55.31a
	4.87f

	CFI 85% ETc.
	26.91
	16.08
	27.04ab
	8.003
	49.44ab
	5.08f

	CFI 70% ETc.  
	26.03
	14.44	
	20.16abc
	8.061	
	48.44bc
	9.66e

	LSD0.05
	NS
	NS
	*
	NS
	**
	**

	CV (%)
	12.9
	20.4
	28.3
	27.9
	12.0
	12.3


Means followed by different letters in a column differ significantly and those followed by the same letter are not significantly different, ETc = Crop evapotranspiration, AFI = alternative furrow irrigation, FFI = fixed furrow irrigation, CFI = convectional furrow irrigation, LSD = least significant difference, NS = non-significant * = significant at p = 0.05, ** = significant at p = 0.01 and CV (%) = Coefficient of variation
4.5.4. 
4.5.5. Marketable head yield:  The analysis of variance revealed that the interaction effect of furrow irrigation method and irrigation levels showed highly significant differences (p≤ 0.01) on the marketable head yield of head cabbage. However, there was no significant difference between treatment of conventional furrow irrigation with 100% ETc, alternative furrow irrigation with 100% ETc and convectional furrow irrigation with 85 % ETc. The highest marketable head yield of 55.31, were recorded from irrigation application of convectional furrow irrigation with 100% ETc, The lowest marketable head yield (30.92 t/ha) of head cabbage was obtained from treatment received fixed furrow irrigation with 70 % ETc (Table 6). The result is in line with the findings of [11], which reported head cabbage yield obtained under alternative furrow irrigation method with 100% ETc had non-significant difference with conventional furrow irrigation under 100% ETc, but relatively the highest water use efficiency obtained from fixed furrow irrigation than convectional furrow irrigation for the water scarce areas. Similarly, [9] and [19] reported that highest yield and water use efficiency of onion under the use of alternative furrow irrigation system combined with 100% ETc.
4.6. Water productivity: 
Water productivity result showed that, there was highly significance difference at P<0.01 level. The maximum water productivity of  head cabbage (22.06 kg/m3) was observed at treatment of alternative furrow irrigation with 70% ETc followed by fixed furrow irrigation with 70% ETc with the value of 19.72 kg/m3(Table 6).. The lowest water productivity of 4.87 kg/m3 was recorded under treatment of convectional furrow irrigation with 100% ETc. The minimum water productivity obtained by convectional furrow irrigation with 100% ETc was statistically similar with convectional furrow irrigation with 85% ETc treatments. This study showed that irrigating head cabbage with alternative furrow irrigation with 100% ETc improved water productivity by 65.34% than the convectional furrow irrigation with 100% ETc (control treatment). Currently, improving water productivity is an increasing concern through different irrigation practice to enhance yield of crop per irrigation water used. This result agrees with  [15:10]  which state that alternative furrow irrigation improve water use efficiency and save 50% of irrigation water relative to conventional furrow irrigation without causing a significant effect on head cabbage yield. 
4.7. Economic Analysis
Based on partial budget analysis, the highest net benefit (539,430 birr/ha) with MRR (1743) was obtained from treatment of AFI with 100% ETc. (Table 7). The lowest net benefits 211,197 birr/ha was obtained from convectional furrow irrigation with 70% ETc. This result showed that applying convectional furrow irrigation with 100% ETc is economically feasible for head cabbage production in the Odo Shakiso area of the Guji zone. 

Table 7.Partial budget analysis of head cabbage under different treatment 
	Treatments
	Marketable head yield (kg ha-1)
	Total Return (ETB/ha)
	Total cost (ETB/ha)
	Net Income (ETB/ha)
	MRR (%)

	FFI 70%
	30920
	371040
	48240
	322,800
	 

	AFI 70%
	34890
	418680
	52040
	366,640
	1154

	FFI 100%
	39790
	477480
	55385
	422,095
	1658

	AFI 85%
	42440
	509280
	57711
	451,569
	1267

	FFI 85%
	41700
	500400
	58911
	441,489
	D

	AFI 100%
	50330
	603960
	64530
	539,430
	1743

	CFI 70%
	48440
	581280
	370083
	211,197
	D

	CFI 85%
	49440
	593280
	373425
	219,855
	259

	CFI 100%
	55310
	663720
	376770
	286,950
	2006


ETB = Ethiopian Birr, MRR = marginal rate of return, D = dominated treatment
Note: - The price of head cabbage was taken as 12 Ethiopian Birr per Kilogram. 
5. 
6. Conclusion and Recommendation 
The result shows that different irrigation methods with the deficit level were not affected the plant height, head height and unmarketable head yield of head cabbage. But, the analysis of variance revealed that the interaction effect of furrow irrigation method and irrigation levels showed highly significant differences on the marketable head yield and water productivity of head cabbage. The highest marketable head yield of 55.31 t/ha was obtained from irrigation application of convectional furrow irrigation with 100 % ETc, followed by alternative furrow irrigation with 100 % ETc (50.33 t/ha) and convectional furrow irrigation with 85 % ETc (49.44 t/ha) and there are no significant differences among the yield of these treatments. The lowest marketable head yield (30.92 t/ha) of head cabbage was obtained from treatment received fixed furrow irrigation with 70 % ETc. The highest water productivity of head cabbage (22.06 kg/m3) was observed at treatment of alternative furrow irrigation with 70 % ETc followed by fixed furrow irrigation with 70% ETc with the value of 19.72 kg/m3. Based on partial budget analysis, the highest net benefit (539,430 birr/ha) with MRR (1743) was obtained from treatment of AFI with 100% ETc. Therefore, to save water, labour and time without significant yield reduction alternative furrow irrigation with 100% Etc is recommended in water scarce area of Odo Shakiso districts and similar agro ecology with similar soil types.        
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