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ABSTRACT 
 

The climate change, water shortage and increasing evapotranspiration highlights the need to introduce water saving 

technologies for agricultural sustainability and crop production with a minimum input of water, mainly in semi-arid 

region. This experiment was conducted at Werer, Middle Awash Valley during the dry season of 2017/2018 to 

investigate the effects of mulching materials and furrow irrigation techniques on maize yield and water productivity 

under semiarid conditions. Split plot design with three replications, in which the irrigation techniques (Conventional, 

Fixed and Alternate Furrow) were assigned to main plot and the three mulching materials (no mulch, wheat straw and 

white plastic mulch), were to the sub-plot. Results indicate that both grain yield and water productivity were affected 

by the main effect of furrow irrigation techniques and mulching materials (P≤0.05). The conventional furrow irrigation 

(8193 kgha-1) and white plastic mulch (7930 kg ha-1) resulted in the maximum grain yield. The alternate furrow irrigation 

(1.90 kg/m3) and the white plastic mulch (1.69 kg/m3) resulted in the maximum water productivity. The highest benefit- 

cost ratio of (1.20) and net return of (49108 ETBha-1) were obtained from conventional furrow irrigation. Similarly, the 

highest net return of (53028 ETBha-1) and benefit-cost ratio of (2.16) was recorded from no mulch. Under limiting 

irrigation water adopting alternate furrow irrigation along with wheat straw mulch can minimize evaporation loss, 

maximize water productivity, and economically feasible for maize production. 
 

Key words: Deficit irrigation, Evapotranspiration, Water use efficiency, Yield. 

 

INTRODUCTION 

 

Irrigation accounts for 70% of total fresh water 

withdrawal globally, with the industrial and domestic 

sectors accounting for the remaining 20% and 10%, 

respectively (WWAP, 2014). Hence, today, the agricultural 

sector around the world is under more pressure for limiting 

its water use, not only because of increasing water demand, 

but also because of climatic changes and more frequent 

droughts (Homayonfar et al., 2014).  

Maize is the most important cereal crop cultivated in 

Ethiopia ranking second after teff in land coverage, first in 

total national production and yield per hectare (CSA, 

2016). The national maize yield average is about 3.76 t/ha 

(CSA, 2016). This is far below the world’s average, which 

is about 5.66 t/ha (USDA, 2016). The decrease in yield 

from overall climate change impact was due to increased 

evapotranspiration (ETo) that results from increased 

temperatures (Kassie et al. 2015; Muluneh et al. 2015). 

Mulching is one management practice used to cover 

soil surface around the plants to make favorable conditions 

for plant growth by reduce water evaporation (Zribi et al., 

2015). Plastic mulches has been widely used in agriculture 

due increasing soil temperature and reduce water 

evaporation in crop production (Mo et al., 2016). Organic 

mulches can increase soil organic matter content, enhance 

biological activity, improve soil structure and increase 

plant nutrients after decomposition (Zhang et al. 2014; 

Depar et al., 2016). Also in the past decade, fixed and 

alternative furrow irrigation techniques have been 

proposed as a modern irrigation strategy for more efficient 

use of the limited water resources (Hu et al., 2009).
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Combined practice of partial root zone drying and 

mulching appears to be very promising among the water 

management practices for increasing WUE especially at 

field scale (Taia et al., 2016). 

Mulching proves to be beneficiary though increment 

in soil moisture, reduction in soil erosion, maintenance of 

soil temperature etc. It helps in improvise in soil structure, 

soil fertility and soil biological regime. Though also 

mulching is having many advantages it shows some 

limitations as it may harbor some pests and diseases. 

In view of the above facts, the present study was 

undertaken to evaluate the effect of mulching materials and 

appropriate furrow irrigation method that enhance yield, 

water productivity and economically acceptable for maize 

production. 

 

MATERIALS AND METHODS 

 

Description of the experimental site 

The experiment was conducted in the research station 

of Werer Agricultural Research Centre from December 

2017 to April 2018. Geographically the experimental site is 

located at 09°13 ′– 09°50 ′ N and 40°05 ′– 40°25 ′E. with 

an altitude of 750 m asl. The site receives a mean annual 

rainfall of 589 mm with an average minimum and 

maximum temperature of 15 and 38°C, respectively. The 

monthly evapotranspiration was greater than monthly 

rainfall throughout the year (Figure 3). Experimental plot 

was clay in texture and moderately alkaline in reaction. The 

soil was very low in organic matter, available nitrogen and 

phosphorus. The soil was free from any kind of salinity or 

sodicity hazards. The data collected on various soil physic- 

chemical properties are presented in Table 1. The average 

basic infiltration rate of the experimental site was 5 mm/hr 

(Figure 2). 

 

 
 

Fig. 1: Map of the study area 
 

 
 

Fig. 2: Infiltration characteristics of the soil 

Experimental layout and design 

      The experiment was laid out in a split-plot design with 

three irrigation water application methods (conventional, 

alternate and fixed furrow) as main plots factor and two 

mulch types (straw and plastic) and control (no mulch) as 

subplots factor. Each sub-plot (25 m2) having 6 furrows 

with 0.6m apart and 5 m long. There were 3.6 and 1.8 m 

distance as a border line between the main-plots and sub-

plots, respectively. The treatment combinations were 

indicated in Table 2. 

Crop management practices 

Hybrid maize variety “Melkassa II” was sown during 

the first week of December in 2017 by keeping row-to-row 

distance at 80 cm and plat-to-plant distance at 20 cm. The 

variety is commonly grown in dry areas under moisture 

stress condition which is also mostly growing in Werer 

area. The local rate of fertilizer for maize in the area 50 

kg/ha di ammonium phosphate (DAP) fertilizer at planting 

and urea at a rate of 100 kg/ha in split application half at 

planting and half five weeks after planting were applied. 

All needed management aspects was done according to the 

agronomic recommendation of the crop. 

 

Mulch application 

Wheat straw mulch with a rate of 6 ton ha-1 (Liu et al., 

2010) and white plastic mulch 30 microns thickness 

(Rajablariani and Sheykhmohamady, 2015 was used as 

mulching material and applied uniformly to the 

experimental plots at the time of planting. White plastic 

mulch was selected because it absorbs very little solar 

radiation as compared to any other color (Sweat, 2007) and 

it is best used in hot climate (Memon et al., 2017).  

 

Water requirement and irrigation scheduling 

Crop water requirement of maize during different 

growth stage was computed by CROPWAT8.0 software by 

using climate, crop and soil data. The frequency and 

duration of irrigation was calculated using CROPWAT 

program based on the FAO Penman Monteith method 

(Allen et al., 1998). The total amount of water estimated 

using the CROPWAT model was diverted to the furrow 

using calibrated parshall flume with 3 inch dimension.  

 

Water Productivity: Water productivity was estimated as 

a ratio of grain yield to the total water applied (GIR) 

through the growing season and it was calculated using the 

following equation (Zwart and Bastiaanssen, 2004). 

 

                                                                 (1) 

 

Where CWP is crop water productivity (kg/m³), Y is crop 

yield (kg/ha) and GIR is the gross irrigation requirement 

(m3/ha). 

 

Economic analysis: Economic analysis of the experiment 

was analyzed by taking the average of three years variables 

and operating cost. The total variable cost was the 

estimated cost of operations including the cost of labor for 

all the field activities and other agro-inputs such as 

fertilizers, chemicals, plastic cost and straw cost. Gross 
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revenue was calculated by multiplying the total yield in kg 

ha-1 and maize market price per kilogram. The benefit-cost 

ratio for mulching materials and furrow irrigation 

techniques was calculated according to the formula used by 

Li et al. (2005) as follows: 

  

BCR = NR/Total costs                                                    (2) 

 

Where BCR is benefit-cost ratio and NR is net return. 

The net return (NR) was calculated using the following 

formula: 

 

NR = Gross revenue – Total costs                                  (3) 
 

Data analysis: The collected data were subjected to 

analysis of variance (ANOVA) using SAS version 9.3. 

Whenever the treatment effects were found significant, 

treatment means were separated using least significant 

difference (LSD) test at 5% (Gomez and Gomez, 1984). 
 

RESULTS AND DISCUSSION 

 

Crop water requirement and amount of water applied 

Amount of water required during the growing season 

and amount of irrigation water applied to each treatment 

plots is presented in Tables 3 and 4 respectively. The 

scheduling was done by the CROPWAT program selecting 

appropriate soil moisture depletion level: which is at 55% 

critical soil moisture depletion level and irrigation 

application: which was refilling the soil moisture level to 

field capacity as scheduling was selected from the 

dropdown options of crop schedule options. The gross 

irrigation amount of water applied at each specific day in 

both alternate and fixed furrow irrigation techniques at the 

three tested mulching materials was half of the 

conventional furrow irrigation technique. Totally eight 

irrigation events were practiced during the crop period 

(Table 3). 

 

Amount of water applied: The seasonal amount of water 

(770.2 mm) was applied in conventional furrow irrigation 

technique (Table 4). Equal amount of water (385.1 mm) 

was applied in both AFI and FFI. The amount of water 

applied in both alternate and fixed furrow irrigation 

techniques at the three tested mulching materials was half 

of the conventional furrow irrigation technique. 

 

Plant height 

Statistically there was significant difference (P < 0.05) 

in plant height among different furrow irrigation water 

application techniques (Table 5). Significantly taller plant 

height (230.70 cm) was recorded from conventional furrow 

irrigation technique while the shorter mean value of plant 

height (218.49 cm) was recorded from fixed furrow 

irrigation technique. However, this was statistically similar 

with plant height obtained by the alternate furrow 

technique (Table 5). The tallest plant height observed at 

conventional furrow was 5.3% higher than the plant height 

observed at fixed furrow irrigation technique. This might 

be due to the higher soil moisture content in the root zone 

caused by the higher irrigation depth applied to the 

conventional furrow irrigation technique than alternate and 

fixed furrow irrigation  techniques  leads to  moisture  stress  

Table 1: Soil physical and chemical properties of experimental 

field 

Soil properties Soil depth (cm) 

 0-30 30 -60 60- 90 

Particle size distribution    

Sand (%) 10.8 12.8 12.8 

Silt (%) 32 32 34 

Clay (%) 57.2 55.2 53.2 

Textural class Clay Clay Clay 

Bulk density (g/cm3) 1.29 1.30 1.31 

Field capacity (weight basis %) 40 39.5 39 

Permanent wilting point (weight basis %) 24 23 22 

Total available water (mm/m) 206.4 214.5 222.7 

pH (%) 7.67 7.82 7.87 

EC (ds/m) 0.86 0.85 0.67 

Organic matter (%) 1.03 0.95 0.71 

Total nitrogen (%) 0.05 0.04 0.05 

Available phosphorous (mg/kg) 4.62 4.40 4.37 

 

Table 2: Experimental treatment combinations 

Treatments 

Main plots Subplots 

Alternate Furrow Irrigation Wheat Straw Mulch (dry) 

Plastic Mulch (white) 

No Mulch 

Fixed Furrow Irrigation Wheat Straw Mulch (dry) 

Plastic Mulch (white) 

No Mulch 

Conventional Furrow Irrigation Wheat Straw Mulch (dry) 

Plastic Mulch (white) 

No Mulch (control) 

 

 
 

Fig. 3: Mean monthly rainfall, evapotranspiration, minimum and 

maximum temperature from 1987 to 2016 of the study areas. 

 

 
 

Fig. 4: Plastic and wheat straw mulch 
 

in the later cases. This is in line with the findings of El-

Nady and Abdallh (2013) who reported that conventional 

furrow irrigation method leads to the highest plant height 

followed by alternate and fixed furrows. Similar findings 

were also reported by Meskelu et al. (2018) who reported 

maximum plant height from conventional furrow method, 

whereas the minimum from fixed furrow method. 
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Table 3: Crop water requirement and irrigation scheduling of the control treatment 

Date Day Stage ETo (mm/period) Crop Kc Etc (mm/period) Pe (mm) NIR (mm) GIR (mm) 

15-Dec 14 Init 59.04 0.5 29.52 0 29.52 49.2 

3-Jan 33 Dev 79.20 0.55 43.56 0 43.56 72.6 

19-Jan 49 Dev 67.68 0.82 55.50 0 55.50 92.5 

1-Feb 62 Mid 55.30 1.15 63.60 0 63.6 106.0 

13-Feb 74 Mid 57.57 1.16 66.78 0 66.78 111.3 

24-Feb 85 Mid 52.56 1.21 63.60 0 63.60 106.0 

7-Mar 96 Mid 55.36 1.15 63.66 0 63.66 106.1 

21-Mar 110 End 72.28 1.05 75.90 0 75.90 126.5 

5-Apr End End       

Total     462.1 0 462.1 770.2 

ETo = Reference evapotranspiration, Kc = Crop coefficient, Etc = Crop evapotranspiration, Pe = Effective rainfall, NIR = Net irrigation 

requirement, GIR = Gross irrigation requirement. 

 
Table 4: Seasonal irrigation water amounts for maize production 

in the study area as affected by furrow irrigation techniques 

Furrow Irrigation techniques Water application depth (mm) 

No mulch Plastic Straw 

FFI 

AFI 

CFI 

385.1 385.1 385.1 

385.1 385.1 385.1 

770.2 770.2 770.2 

Where FFI is Fixed furrow irrigation, AFI is Alternate furrow 

irrigation, CFI is Conventional furrow irrigation. 

 
Table 5: Plant height of maize as influenced by main effects of 

furrow irrigation techniques and mulching materials 

Treatments Plant height (cm) 

Irrigation 

techniques 

CFI 230.70a 

AFI 221.90b 

FFI 218.49b 

 LSD (0.05) 6.43 

 CV (%) 2.20 

Mulch types Straw 226.30a 

Plastic 228.59a 

No mulch 216.20b 

 LSD (0.05) 7.01 

 CV (%) 3.05 

 Irrigation techniques *Mulch NS 

Means within a column followed by the same letter are not 

significantly different at 5% level of significance. NS = Non-

significant, CFI = Conventional furrow irrigation, AFI = Alternate 

furrow irrigation, FFI = Fixed furrow irrigation, CV = Coefficient 

of Variation; LSD= Least signifcant difference. 

 
Table 6: Aboveground biomass and grain yield of maize as 

influenced by main effects of furrow irrigation techniques and 

mulching materials 

Treatments Aboveground 

biomass  

(kg ha-1) 

Grain yield 

(kg ha-1) 

Irrigation 

techniques 

CFI 24654.30a 8193.00a 

AFI 21970.10b 7333.00b 

FFI 21675.10b 6859.00b 

 LSD (0.05) 1937.20 531.8 

 CV (%) 6.50 5.45 

Mulch 

types 

Straw 22907.10ab 7403.40b 

Plastic 23851.30a 7930.40a 

No mulch 21541.10b 7051.70b 

 LSD (0.05) 1415.80 458.1 

 CV (%) 6.05 5.98 

Irrigation techniques *Mulch NS NS 

Means within a column followed by the same letter are not 

significantly different at 5% level of significance. NS = Non-

significant, CFI = Conventional furrow irrigation, AFI = Alternate 

furrow irrigation, FFI = Fixed furrow irrigation, CV = Coefficient 

of Variation, LSD = Least significant difference. 

Table 7: Harvest index and water productivity of maize as 

influenced by main effects of furrow irrigation techniques and 

mulching materials 

Treatments Water productivity (kg m-3) 

Irrigation 

techniques 

CFI 1.06b 

AFI 1.90a 

FFI 1.78a 

 LSD (0.05) 0.16 

 CV (%) 6.33 

Mulch 

types 

Straw 1.58b 

Plastic 1.69a 

No mulch 1.49c 

 LSD (0.05) 0.09 

 CV (%) 6.33 

 Irrigation 

techniques *Mulch 

NS 

Means within a column followed by the same letter are not 

significantly different at 5% level of significance. NS = Non-

significant, CFI = Conventional furrow irrigation, AFI = Alternate 

furrow irrigation, FFI = Fixed furrow irrigation, CV = Coefficient 

of variation, LSD = Least significant difference. 

 

There was significant difference (P<0.05) in plant 

height among the mulching practices (Table 5). 

Significantly higher mean plant height (228.59 cm) was 

recorded from white plastic mulch and lower mean plant 

height (216.20 cm) was obtained from no mulch. Hence, 

plastic mulching improved plant height by 5.42% than no 

mulching condition. This might be due to plastic mulching 

leads to the conservation of the available soil moisture 

through reducing evaporation and improve growth of 

maize that leads to increased plant height. The current 

findings in line with Meskelu et al. (2018) who reported 

that the maximum maize plant height was obtained from 

plastic mulch as compared to both straw and no mulch. 

Similar findings were also reported by Yaseen et al. (2014) 

who reported that maximum increase in maize plant height 

was recorded from mulch and higher irrigation depth 

treatments. The interaction effect between furrow irrigation 

techniques and mulching on plant height was non-significant. 

 

Aboveground biomass yield 

Statistically there was significant difference (P<0.05) 

in aboveground biomass yield among different furrow 

irrigation techniques (Table 6). Significantly higher mean 

value of aboveground biomass (24654.30 kg ha-1) was 

obtained from conventional furrow irrigation technique and 

the lowest (21675.10 kg ha-1) was from the fixed furrow 

irrigation technique. The minimum aboveground biomass 

obtained from fixed furrow irrigation was statistically 

similar to alternate furrow irrigation technique. Results of 
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this experiment indicated that conventional furrow 

recorded 12.08% higher aboveground biomass yield as 

compared to fixed furrow. This might be due to the higher 

soil moisture content in the root zone due to high irrigation 

water depth applied in conventional furrow irrigation 

technique which leads to make a favorable condition to 

improve biomass of maize. The current finding is in line with 

Meskelu et al. (2018) who obtained maximum aboveground 

biomass from conventional furrow irrigation technique as 

compared to fixed and alternate furrow. Similar reports were 

reported by Narayanan and Seid (2011) on maize in which 

highest aboveground biomass was obtained under 

conventional furrow irrigation with irrigation water 

application of 100% of crop water requirement than the 

alternate and fixed furrow irrigation method. 

Similarly, there was significant difference (P<0.05) in 

aboveground biomass yield among different mulching 

practices (Table 6). Significantly higher mean 

aboveground biomass (23851.30 kg ha-1) was recorded 

from white plastic mulch and the lowest (21541.10 kg ha-

1) was from no mulch. The maximum aboveground 

biomass obtained at plastic mulching was statistically 

similar to that of straw mulch. Moreover, the minimum 

aboveground biomass obtained, at no mulching condition 

was statistically similar to that of straw mulch. Results of 

this experiment indicated that plastic mulch recorded 

9.69%, higher aboveground biomass yield as compared to 

no mulch. The increase in aboveground biomass yield 

could be due to plastic mulch preserving soil moisture 

through reducing evaporation and prevents the weed 

growth. This result is in agreement with the findings of 

Meskelu et al. (2018) who obtained maximum 

aboveground biomass (22.59 t/ha) from plastic mulch and 

the lowest from no mulch. Similarly, Mo et al. (2017) 

reported that plastic mulch increases maize biomass by 

73.5% as compared to no mulch. The interaction effect 

between furrow irrigation techniques and mulching on 

aboveground biomass was non-significant. 
 

Grain yield 

Statistically there was significant difference (P<0.05) 

in grain yield among different furrow irrigation water 

application techniques (Table 6). Significantly higher mean 

grain yield (8193 kg ha-1) was obtained from conventional 

furrow irrigation technique and the lower (6859 kg ha-1) 

was from fixed furrow irrigation technique. The results of 

this experiment indicated that conventional furrow 

irrigation technique gave 16.28%, higher grain yield as 

compared to fixed furrow irrigation technique. The 

substantial grain yield decrease in the fixed furrow 

irrigation techniques may be due to the small amount of 

applied irrigation water, which did not match full corn 

water requirements, caused water stress, and consequently 

reduced crop yield. Corresponding to this, Narayanan and 

Seid (2011), Meskelu et al. (2018), Mebrahtu and 

Mehamed (2019) and Jemal and Berhanu (2020) obtained 

maximum maize yield from conventional furrow irrigation 

(irrigation water application of 100% crop water 

requirement) than the alternate and fixed furrow irrigation 

methods. 

Similarly, there was significant difference (P<0.05) in 

grain yield among different mulching practice (Table 6). 

Significantly higher mean grain yield (7930.40 kg/ha) was 

obtained from white plastic mulch whereas the lower 

(7051.70 kg ha-1) was from no mulch. However, the 

minimum grain yield obtained from no mulching was 

statistically similar to straw mulch. Results of this 

experiment indicated that plastic mulch gave 11.08%, 

higher grain yield over no mulch. The result in this study 

indicate that, white plastic mulch increased the grain yield 

of maize, which is mainly due to the effect of plastic mulch 

reducing water evaporation from soil (Liu et al., 2009). 

These results had agreed with those found by Meskelu et 

al. (2018), Mebrahtu and Mehamed (2019) and Jemal and 

Berhanu (2020), where they obtained maximum maize 

grain yield under plastic mulch treatment comparing with 

straw and no mulch treatment. The interaction effect 

between furrow irrigation techniques and mulching on 

grain yield was non- significant. 
 

Water productivity 

Statistically there was significant difference (P<0.05) 

in water productivity (WP) among furrow irrigation 

techniques (Table 7). Significantly higher WP (1.90 kg m-

3) was obtained from alternate furrow irrigation technique 

while the lower WP (1.06 kg m-3) was obtained from 

conventional furrow irrigation. Results of this experiment 

indicated that alternate furrow irrigation gave 44.21%, 

higher water productivity as compared to conventional 

furrow irrigation. Crop water productivity was 

significantly higher under alternate furrow irrigation as 

compared to conventional furrow irrigation technique 

because less volume of irrigation water was used under 

alternate furrow irrigation. In line with this result, El-Halim 

(2013), Meskelu et al. (2018), Mebrahtu and Mehamed 

(2019) and Jemal and Berhanu (2020) reported that water 

productivity increased under the alternate furrow as 

compared to conventional furrow irrigation.
 

Table 8: Economic feasibility of furrow irrigation techniques for maize production at Werer 

Treatments Total costs (Birr/ha) Grain yield (Kg ha-1) Gross Field Benefit NR BCR 

(Birr/ha) 

Conventional Furrow 41015 8193 90123 49108 1.20 
Alternate furrow 36870 7333 80663 43793 1.19 
Fixed Furrow 36470 6859 75449 38979 1.07 

NR = Net return and BCR = Benefit to cost ratio. 
 

Table 9: Economic feasibility of mulching materials for maize production at Werer 

Treatments Total costs (Birr ha-1) Grain yield (Kg ha-1) Gross Field Benefit NR BCR 

(Birr ha-1) 

Plastic Mulch 58741 7930.40 87234.40 28493 0.49 
Wheat Straw Mulch 31074 7403.40 81437.40 50363 1.62 
No Mulch 24541 7051.70 77568.70 53028 2.16 

NR = Net return, BCR = Benefit to cost ratio. 
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Likewise, there was significant difference (P<0.05) in 

water productivity among different mulching practices 

(Table 7). Significantly higher mean WP (1.69 kg m-3) was 

recorded from white plastic mulch while the lowest (1.49 

kg m-3) was from no mulch. The results of this experiment 

indicate that plastic mulch recorded 11.83%, higher water 

productivity as compared to no mulch. The finding is in line 

with Mahajan et al. (2007) who obtained maximum water 

productivity (1.72 kg m-3) from plastic mulching compared 

to both straw and no mulch. Similar reports were also 

reported by Meskelu et al. (2018), who concluded that 

higher water productivity was recorded from plastic 

mulched plots as compared to un-mulched method. The 

interaction effect between furrow irrigation techniques and 

mulching on water productivity was non-significant. 

 

 Economic feasibility of maize production under furrow 

irrigation techniques 

According to (FAO 2002), the selection criterion for 

economic viability of mulch materials and furrow irrigation 

techniques is B/C ratio.  If the B/C<1, implies that the 

benefit is not economically viable. On other hand, if B/C 

ratio > 1 the benefit is economically viable. Thus the BCR 

obtained from furrow irrigation techniques are >1 (Table 

7). This shows that, furrow irrigation techniques are 

economically viable. However, the maximum net return 

(43793) ETB ha-1and BCR (1.19) was obtained from 

conventional furrow irrigation technique whereas 

minimum net return (38979 ETB ha-1) and BCR (1.07) was 

obtained from fixed furrow (Table 8). The results of this 

study are consistent with those of Gebremedhin (2017) and 

Jemal and Berhanu (2020) who found that CFI 100% ETc 

resulted maximum net return and benefit cost ratio. 

 

Effect of mulching on the economic feasibility of maize 

production 

The highest total cost of cultivation (58741 ETB ha-1) 

was obtained from plastic mulch practice while the lowest 

(24541 ETB ha-1) from no mulch (Table 9). Similar results 

were reported by Gosavi (2006) and Pinjari (2007). The 

highest cost of production was recorded from plastic mulch 

than wheat straw mulch and no mulch. This might be due 

to the high cost of plastic mulch on the market. No mulch 

resulted highest net return (53028 ETB) with benefit cost 

ratio (2.16). It is indicated that the no mulch was observed 

to be economically beneficial than plastic and wheat straw 

mulch. The BCR (0.49) obtained from white plastic mulch 

practice is <1 (Table 9). This shows that, among mulching 

materials, white plastic mulching is economically not 

viable for maize production in the area as compared with 

no mulch and wheat straw mulch. 

 

Conclusions 

      The results of this experiment showed that among the 

furrow irrigation methods studied, conventional furrow 

irrigation method was obtained maximum grain yield and 

net benefit than other two. However when we compare 

them in terms of water productivity, the maximum water 

productivity was recorded from alternate furrow irrigation 

method. Regarding to the mulching materials, irrigated 

maize without mulch application obtained highest net 

benefit. However, among the mulches used, wheat straw 

mulch gave higher water productivity. 

        In conclusion, this study suggests that, for maximizing 

grain yield under no water stress scenario and water 

delivery to the field does not require any additional 

expense; irrigating maize in conventional furrow irrigation 

technique is economically profitable and improves maize 

biomass and grain yield without application of mulch.  

However, under limiting irrigation water scenario and if the 

cost of irrigation water is high, irrigating maize in alternate 

furrow irrigation technique along with wheat straw mulch 

can maximize water productivity and sustain maize 

production in the study area and similar agro-ecology. 
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