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Abstract 
To cope with the current water shortage, it is necessary to adopt water-saving agriculture countermeasures. Hence, this experiment was 
conducted to study the effect of deficit irrigation on yield and water productivity of garlic under drip irrigation and mulching. The 
experiment was laid out using factorial arrangement in randomized complete block design with three replications. The first factor was 
three different water application levels as 100%, 80% and 60% of ETc (Crop evapotranpiration) and the second factor was two levels of 
mulch as wheat straw mulch and no mulch. Mean values of yield showed that 100 % ETc and 80 % ETc irrigation levels provided higher 
values of total and marketable yield which was significantly different from 60 % ETc treatments. The analysis of variance revealed that 
there was also a significant difference on yields between wheat straw mulch and no mulch treatments. Mean bulb weight and mean clove 
weight of garlic responded highly significantly to the effects of both irrigation levels and mulching (P < .01). On the other hand, there was 
a significant difference on water productivity values under different irrigation application levels and wheat straw mulch and no mulch 
treatments. Based on the findings of this research, application of 80%ETc could be suggested to generate comparable garlic yield to that 
of full irrigation and Wheat straw mulch can be effectively used to save water in order to harvest improved yield. 
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Introduction  
Garlic is one of the main Allium vegetable crops known worldwide with respect to its production and economic value. It is used as a 
seasoning in many foods worldwide; without garlic many of our popular dishes would lack the flavor and character that make them 
favorites (Salomon R.2002). It has higher nutritive value than other bulb crops in addition to containing antibiotics like garlicin and 
allistatin (Maly L.et al 1998). 
 
Garlic (Allium sativum L.) is the most widely used crop next to onion and has a wide range of climatic and soil adaptation (Dessalegn 
L. and E. Herath. 1994). It can be produced in areas where about 600mm rain is received in its growth cycle. It cannot tolerate too hot 
or too cold climates. Relatively high temperature up to 300c is required for optimum bulb development but cooling conditions in the 
early stages favors vegetative grown. Excessive humidity and rainfall are detrimental to both vegetative growth and for bulb 
formation. Garlic thrives well on fertile, well drained sand or silt loam soils with good moisture retaining properties. (Sovovo M. and 
Sova P.2004). In Ethiopia, the Allium groups (onion, garlic and shallot) are important bulb crops produced for home consumption and 
are sources of income to many farmers in many parts of the country ( Metasebia M. and Shimelis H 1998). The bulk of garlic for 
domestic market is produced in homestead gardens of subsistence farmers. Moreover, it has been produced by state farms mainly as a 
cash crop and the country used to earn foreign currency by exporting it to Europe, the Middle East and USA (Tabour G. and Zelleke 
A. 2000). 
 
Garlic requires regular watering throughout growth for best production. Water needs are critical since rooting depth in garlic is 
shallow. The most critical stage for watering is during bulbing. Lack of irrigation or rainfall during this stage will result in smaller 
bulbs and earlier maturity. Drought stress during growth will decrease yield and reduce bulb size. Excess water as the crop matures 
causes bulb splitting, delays curing and may cause storage problems (Drost, D.2010). In garlic, flood irrigation is widely practiced, 
which results in inefficient use of irrigation water due to losses in deep percolation, distribution and evaporation. Micro irrigation 
ensures higher water use efficiency (English et al., 1990). Many investigations have been carried out worldwide regarding the effects 
of deficit irrigation on yield of mainly horticultural crops. (F. J. Olalla et al.2004, C. Fabeiro Cortés et al .2003, Fereres E and Soriano 
MA. 2007) However, few studies on water use and water management of garlic exist. 
 
 Patel et al. (1996) found a linear relationship between the amount of water applied with drip irrigation and garlic yield under drip 
irrigation. Panchal et al. (1992) found that water applications of 1.2 times the cumulative pan evaporation resulted in higher yields 
compared with less water. Similar results were reported by Sadaria et al. (1997). Other experiments with onion (S. Bekele and K. 
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Tilahun 2007) showed that deficit irrigation throughout the growing season of onion as 50 and 75% of ETc reduced yields from full 
irrigation and resulted in the highest water saving and crop water use efficiency. Kumar et al. (2007) investigated also the impact of 
deficit irrigation strategies on onion yield and water savings. On the other hand, Results of different kinds of mulching indicated 
increased plant growth, yields, and improved bulb size of onions. Many of these effects were attributed to the capacity of the mulch to 
conserve soil moisture (Adetunji I.A. 1994, Abu-awwad. 1999, Shock C.C. 1999) 
 
Despite its importance and increased production, garlic productivity, in many parts of the world, is low due to genetic and 
environmental factors affecting its yield and yield related traits ( Nonnecke, I.L. 1989) .In Ethiopia, where local varieties are widely 
used, yields are by far low not exceeding 3-4 tons/ha. But the two improved varieties (Tseday and Bishoftu netch) are reported to give 
as high as 8.5 tons per hectare (Desalegn L. 1998).Generally, deficit irrigation and mulch are known to individually save scarce water 
but there has not been a study made to use drip set in conjunction with surface covering for different climate and crop under moisture 
stress in Ethiopia. Therefore, in view of the existing low productivity and water shortage, this study was carried out with the main 
objective of evaluating the effect of deficit irrigation on yield and water productivity of garlic under drip irrigation and mulching. 
 

Materials and Methods 
Description of the Experimental Site  
This experiment was conducted at Wolaita Soddo ATVET College, Wolaita Zone, and SNNPR.   The experimental site is located at 
6°34’N latitude, 37°43'E longitude and at an altitude of 1854 meter ASL.The site has a bimodal rainfall distribution pattern with 
average annual rainfall of 1200 mm. The rainy season covers from April to October and the average minimum and maximum air 
temperatures are 14.6 oC and 25.4 oC, respectively (National Meteorology Agency, Awassa soddo branch). The soil type is sandy clay 
loam (Wolaita Zone soil laboratory). The major crops grown in the area are maize, sweet potato, teff, banana, haricot bean, onion, 
tomato and other vegetables. 
  
Experimental Design and Field Layout   
The experiment was laid out using factorial arrangement in randomized complete block design (RCBD) with three replications under 
drip irrigation system. The experiment consisted 6 treatments combinations: Control and two deficit irrigation, two mulch treatments 
with and without mulch, resulting in a total of 18 plots (Table 1). The first factor was  three different water application levels as 100 
%, 80 %, 60 % of ETc and the second factor was two levels of mulch as wheat straw mulch at 4 tons/ha and no mulch. 100 % 
irrigation implies the amount of irrigation water applied in accordance with the computed crop water requirement with the aid of 
CROPWAT software. 80 % and 60 % irrigation depths meant 80 % and 60 % of full irrigation requirement. 
 
Table 1. Treatment combinations 
 

Number Treatments Description 
1 T1 100 % of crop water requirement without mulch.(Control) 
2 T2 80 % of crop water requirement without mulch. 
3 T3 60 % of crop water requirement without mulch. 
4 T4 100 % of crop water requirement with mulch.(Control) 
5 T5 80 % of crop water requirement with mulch 
6 T6 60 % of crop water requirement with mulch. 

 
Size of each plot was 1.2 m x 5 m. A total of four rows were kept on each plot. Spacing between each treatment and block was kept as 
1m. Spacing between plants and rows of garlic was 10 cm and 30 cm respectively. Fertilizer application rate of 100 kg/ha of nitrogen 
and 92 kg/ha of P2O5 (DAP) was applied manually as per Ethiopian research centers recommendation to each plot. DAP was applied 
at planting time while urea was applied by split application (50 % of urea were applied  two weeks after planting and the remaining 50 
% after 45 days. A local garlic cultivar ‘Tummo” was used for the experiment.  
 
The Irrigation schedule was set taking the size of the water container and maximum daily crop water requirement into account. It was 
set to be every three days. The duration of irrigation was determined based on the volume of water applied and the application rate of 
the irrigation system. Prior to starting treatment applications, the entire experimental plot was uniformly pre-irrigated (30 mm) for 
better establishment of the plant. The crop was planted on December 20, 2011 at a depth of 3 cm by hand. The irrigation was 
terminated two weeks before harvesting, April 5, 2011. Harvesting was done when the leaves fell over on April 20, 2011.   
 
Drip System Installation and Mulching 
The stand for placing water container having a capacity of 200 litres was constructed from locally available material. The container 
was placed at a height of 1.5 m above the ground surface. The mainline was connected to the inlet valve and to the sub mainline. The 
filter was attached to the mainline to supply clean water to the sub main and manifold. Control valve was connected to the lateral to 
control the water flow. The laterals were connected to the manifold at 30cm spacing with emitters spaced at 20cm interval. The end of 
the sub main and the laterals were closed with end caps. Each plot had four rows of garlic plants. Wheat straw mulch was collected 
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from the local farmers, and dried before application in the plots. According to Lal (1981), mulch was weighed and applied uniformly 
at a rate of 4 tons/ha over the surface while leaving space around the plant. 
 
Data Collection Techniques  
Data collected through secondary sources included 17 years of climatic data, which were collected from National Meteorology 
Station, Hawassa branch. The climatic data used for determination of reference evapotranspiration (ETo), and crop water requirement 
(ETc) were mean monthly, minimum and maximum temperatures, mean monthly rainfall, relative humidity, wind speed and sunshine 
hours. 
 
Other secondary data on the crop parameters like depth of the plant root, the crop coefficient, management allowable depletion, crop 
spacing, growth stages and period etc…were obtained from FAO guideline (Doorenbos and Kassam, 1992; Allen et al., 1998). The 
primary data collected included soil characteristics (texture, bulk density, infiltration capacity, field capacity, and permanent wilting 
point, pH, ECe, Organic matter content); emitters discharge rate, water use efficiency, application efficiency and yield. 
 
Soil Analysis and methods 
Table 2. Physical and chemical properties of experimental soil (0 - 45 cm) 
 

Particulars Value Methods 

Sand (%) 
Silt (%) 

Clay (%) 

56.0 
23.3 
20.7 

Hydrometric method 

Bulk density, Kg m-3 1.38 Core Sampler 
FC (%) 30.3 Pressure plate apparatus 

PWP (%) 18.7  
TAW(mm/m) 116.7  

EC (µs/cm) 1.40  
pH (1 : 2.5; Soil : Water) 6.10 Soil pH Meter 

Organic matter content (%) 3.16 Titration method 

   
Crop Water Requirement  
In this experiment, the reference evapotranspiration (ETO) and crop water requirement (ETc) was estimated from seventeen years 
climatic data (1995-2011) collected from Wolaita Soddo meteorological station, Awassa branch. FAO’s CROPWAT computer model 
version 8.0 was used to estimate the values. 
 
Table 3. Monthly reference evapotranspiration (ETo) 

Month Min T. Max T. Humidity Wind Spd. Sun Shi. Solar Rad.     ETo 

  (degoC) (degoC) (%) (Km/day) (Hours) (MJ/m2/d) (mm/day) 
December 14.1 26.5 50 199 8.8 20.7 4.80 
January 14.0 27.3 51 173 8.4 20.6 4.69 
February 15.3 28.6 45 199 8.6 22.0 5.44 
March 15.6 28.3 52 164 7.9 21.7 5.10 
April 15.1 26.6 66 130 7.6 21.1 4.44 

 
Crop water productivity                                
Water productivity (WP) is defined as crop yield per unit applied irrigation water that is looking into the efficiency of applied 
irrigation water (Zhang, 2003). In this study, the water productivity was determined by dividing the yield of garlic to the amount of 
water consumptively used by the crop. 
 
                                     WUE = Y/WY                                                                    (2.1) 
    Where: Y is Yield per unit area (Kg/ha), WY is Water used to produce the yield (mm)  
 
Yield per unit area was obtained from the yield that was collected from each plot of land and water used to produce yield was 
registered when applied to produce the yield during the growing season. 
 
Statistical Analysis 
 All measured variables were subjected to analysis of variance appropriate for RCBD. The data were analyzed using GenStat statistical 
software. The mean separation was made using Least Significant Difference (LSD) method. 
 



SJIF IMPACT FACTOR: 4.402                                                                                                                        CRDEEPJournals 
International Journal of Life Sciences                                     Mandefro & Shoeb                         Vol. 4 No. 4                       ISSN: 2277-193x 

235                                         Online version available at: www.crdeep.com 
 

 

Results and Discussion 
Crop Water Requirement of Garlic 
The total water received for the 100 % ETc treatment was 576 mm and the other deficit irrigation treatments were taken 80 and 60 % 
of the maximum (100 % ETc) irrigation treatment, which were 461 mm and 346 mm respectively. As the experimental period was dry 
season, the share contributed by rainfall was insignificant. It was determined by using the following empirical formula. 
                                      Pe = P-(C * P) or     Pe = f * P             (3.1) 
Where: P = daily rainfall (mm) 
             f and C = constant and their respective values are 0.2 and 0.8.  
 
Crop Yield  
Yield is the important component of plant performance under a set of growing condition. Any agronomic parameter at a given stage of 
growth would be of further use only when its effect is reflected on yield either way. The analysis of variance revealed that the effect of 
the applications of different irrigation levels and mulch significantly affected the total dry bulb yield (Table 4)  
 
Table 4. Effects of irrigation and mulching on total yield, mean bulb weight, mean clove weight and clove number per bulb of garlic 
 

Treatments Total Yield (qt/ha) Bulb weight (g) Clove wt. (g) Clove number 

Irrigation app.     
100 70.83a 37.30a 3.28a 11.83a 
80 68.07a 35.62a 3.10a 12.00a 
60 58.22b 28.43b 2.55b 12.33a 

LSD 0.05 3.43 1.731 0.117 NS 
Mulching     

WSM 68.59a 34.83a 3.1a 12.11a 
NM 62.82b 32.73b 2.8a 12.00a 

LSD 0.05 2.8 1.413 0.15 NS 
CV (%) 4.1 3.6 4.9 9.7 

WSM-Wheat straw mulch, NM-no mulch, LSD- Least significant difference and CV- coefficient of variation.  a and b means with 
different superscripts in the same column are statistically different.  
 
As shown above in Table 4, each increment in amount of irrigation level brought about significant increase in bulb yield over 
preceding amount of irrigation application. Accordingly, the garlic crop irrigated with 100 % and 80 % ETc irrigation applications 
significantly ( P≤ .01) out yielded on average ( 71 qt/ha) and (68.1 qt/ha) in the order of 18 % and 15 % over the less irrigated (60 % 
ETc) irrigation treatment, respectively. Such yield increment may be due to higher water application. On the effect of the amount of 
irrigation application, yield has significantly decreased when moisture at the root zone decreased. In general, yield showed a 
decreasing trend with decrease in the amount of irrigation application. However, the highest bulb yield was statistically at par with the 
yield obtained from 80 % ETc. This supports similar findings of Moges (2006). 
 
In contrast to this study, Ayars (2008) reported that marketable yield and total weigh of garlic obtained from 50% and 75% irrigation 
levels were significantly different from the 100% irrigation level with no difference between the 100% and 125% levels. Smith also 
reported that both shortage and excess water affect the growth and development of onion directly and consequently its yields and 
quality (Smith, 1994). Excess irrigation water affects crop growth by influencing availability of nutrients. Water and other inputs 
interact with each other and improper combination retards growth and yield (Awulachew, 2009). 
Moreover, Yenus (2013) reported that the highest total bulb yields were obtained at irrigation level of 120% ETc than 100%ETc. 
However, in the present experiment, the increased yield might be due to efficacy of mulch in conserving moisture during entire crop 
growth period which favored the growth attributes. 
 
The above table reveals that application of wheat straw mulch influenced the mean yield of garlic, total yield from wheat straw mulch 
(WSM) (68.6 qt/ha) was significantly (p < 0.05) different from unmulched plots (62.8 qt/ha). Since increased yield is directly related 
with the plant availability of moisture in the root zone, it can be inferred that higher total yield of garlic obtained from wheat straw 
mulch treatments implies the effectiveness of wheat straw mulch to conserve moisture. This has an agreement with that of Uddin 
(1997) and Bhuiya et al (2003) who reported that the yield of garlic was found to be statistically significant due to the effect of 
mulching. 
 
In addition, Past research with mulch versus no mulch conditions showed that higher onion yield on mulch treatments were also likely 
related to the conservation of moisture (Suh and Kim, 1991) and fertilizer (Adetunji I,1994) The yield enhancement found in mulched 
plots of the current study might also be associated with these factors. 
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Quality of Garlic 
The quality parameters for the garlic cultivar considered in the experiment were mean bulb weight (MBW), and mean clove weight 
(MCW) and mean cloves number (MCN). MBW of garlic has shown a highly significant difference to the effects of both irrigation 
level and mulching (P< .01) (Table 5). Bulb weight was highest (37.3 g) for the maximum amount of irrigation water application (100 
% ETc) and lowest bulb weight (28.4 g) was obtained from the minimum amount of irrigation water application (60 % ETc). This is 
possibly due to the fact that the amount of irrigation application with 100 % ETc produced greater amounts of marketable bulbs than 
the bulbs obtained from the treatment plots irrigated with 60 % ETc. 
 
Mean bulb weight also has shown a highly significant (P< .01) difference among mulching treatments. Treatments with wheat straw 
mulch produced heavier bulbs than the no mulch treatments (Table 5). This result is in agreement with the results obtained for onion 
(Umar et al., 2000), shallot (Kebede, 2003),  and garlic (Hossain et al.,2007). Similarly, Haque et al (2003) reported significant effect 
of mulching on mean bulb weight of garlic, but black polyethylene mulch being inferior to water hyacinth. The increased mean bulb 
weight under wheat straw mulch could be attributed to conserved soil moisture and organic matter contents, controlled weeds, and 
increased soil temperature (Tindall, 1991). 
 
Mean clove weight (MCW) of garlic has shown highly significant (P<.01) difference to the effects of both irrigation and mulching 
(P≤ .01). It was observed that the influence of treatment on mean clove weight and increment trend in values of the parameter was 
more or less similar to that obtained for mean bulb weight. The highest mean clove weight (3.3 gm) was recorded at 100 % ETc which 
was statistically at par with the clove weight obtained at 80% ETc (Table 5). This result is in conformity with the findings of Bichi 
(1997) on garlic. 
 
Mulching and irrigation application levels had no significant effect on mean number of cloves (MCN) per bulb (Table 5) which could 
be a result of inherited character of the garlic. This finding is in consistent with that of Moges (2006) and Hossain et al. (2007). who 
found no significant effect of irrigation application levels on clove number per bulb of garlic. In contrast, Mohsen et al (2012) 
reported that the variation in the number of cloves bulb -1 due to the application of different mulching treatment was highly significant. 
 
Water Productivity 
Water productivity as affected by mulch and total irrigation application levels for bulb yield of garlic are presented in Table 6. The 
amount of water applied had an inverse relationship with crop water productivity. Statistically significant different WP values for bulb 
production were observed by application of different irrigation amounts and mulch. The WP for bulb yield were significantly (P=.05) 
influenced by different irrigation treatments. The irrigation water use efficiency differs considerably among treatments and generally 
tends to increase with a decline in irrigation (Howell et al., 2006).Water productivity probably will become more important as access 
to water become more limited  (Shdeed, 2001). 
 
The most deficient strategies often turn out to be the most efficient (Kirda and Kanber, 1999).Decreasing WUE was observed as the 
application of total irrigation increased from the minimum amount of irrigation application (60 % ETc irrigation treatment) to the 
highest amount of irrigation application treatment (100 % ETc), from 2.03 kg/ m3 to 1.55 kg/ m3 of water used. 
 
In this experiment also decreasing WUE was observed as the application of total irrigation increased from the 60 % ETc deficit 
irrigation application to the highest irrigation application treatment (100 % ETc), i.e. in terms of efficiency from 1.84 kg/m3 to 1.34 
kg/m3 of water used, respectively (Table 5). Similarly, Samson and Ketema (2007) reported that deficit irrigations (50 and 75% ETc) 
increased the WUE of onion. In contrast, Abbey and Joyce (2004) reported that WUE was significantly reduced due to water stress in 
onion plants.  
 
Table 5. Effects of irrigation application levels and mulching on water productivity of garlic 
 

Treatments WP (kg/m3) 

Irrigation application (% ETc) 
60 1.84a 
80 1.62b 
100 1.34c 
LSD 0.05 0.09 
Mulch  
WSM 1.71a 
NM 1.53b 
LSD 0.05 0.07 
CV (%) 4.2 

WSM=Wheat straw mulch, a,b,c means with different  superscripts in the same column are statistically different. 
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The analysis of variance revealed that maximum water productivity was recorded on wheat straw mulch treatment (1.71 kg/m3) (Table 
5), while it was minimum in unmulched treatment (1.53 kg/m3). Higher WP with wheat straw mulch was due to reduction in 
evaporation and increase in yield. This result is in conformity with the findings of Boja (2006) and S. S. H. Shah et al (2015). The 
interaction effects of irrigation application level with mulching did not influence the water productivity of garlic yield significantly. 
Generally, the WP values ranges from the maximum  2.00 kg/m3 of 60% ETc irrigation treatment for WSM to the minimum 1.3 kg/m3 
of 100% ETc irrigation treatment for NM treatment . 
 
Table 6. Interaction effect of irrigation application levels and mulching on WP (kg/m3) 
 

 
Mulch 

Irrigation application level 
100 % ETc 80 % ETc 60 % ETc 

WSM 1.38 1.68 2.00 
NM 1.30 1.56 1.72 
LSD NS   
CV 4.2   

WSM = wheat straw mulch, NM = no mulch, NS = no significant difference. 
 
Conclusion 
Yield based comparison had shown that there was no significant difference between the yield obtained in 100 % and 80% ETc drip 
irrigation level. Mean values of yield showed that full and 80% ETc irrigation levels showed higher values of total and marketable 
yield which was siginificantly different from 60% ETc irrigated treatments. Applying of wheat straw mulch significantly improved 
garlic yield and saved applied water than no mulch treatment. Maximum water productivity was recorded on wheat straw mulch 
treatment while it was minimum in unmulched treatment. Decreasing water use efficiency was observed as the application of total 
irrigation increased from the 60 % ETc to the highest irrigation application treatment (100 % ETc). Therefore, deficit irrigation, 
application of 80%ETc could be suggested to generate comparable garlic yield to that of full irrigation and Wheat straw mulch can be 
effectively used to save water in order to harvest improved yield. 
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