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Abstract

Water scarcity is a significant challenge facing Ethiopia’s irrigated agriculture, prompting the need for innovative
on-farm irrigation management strategies to ensure the sustainable utilization of limited water resources. In 2021, a
study was conducted at the Fogera National Rice Research and Training Center (FNRRTC) to assess the yield and
water productivity (WP) of tomato crops under water stress conditions. The experiment involved testing three deficit
irrigation levels (100%ETc, 75%ETc, and 50%ETc) based on ETc, along with three mulch types: No Mulch (NM), White
Plastic Mulch (WPM), and Rice Straw Mulch (RSM) using a Randomized Complete Block Design (RCBD) with three
replications. Rice Straw Mulch was applied at a rate of 6t/ha, while White Plastic Mulch had a thickness of 25 microns.
Results showed that the yield of tomatoes and WP were significantly influenced by deficit irrigation and mulch types at
a 0.05% significance level. Specifically, tomatoes under 75%ETc had higher marketable yields compared to 100%ETc
and 50%ETc; while WP was highest at 50%ETc. RSM demonstrated superior performance, enhancing both yield and
WP when compared to No Mulch and WPM. Overall, utilizing RSM with 75%ETc proved to be an effective strategy for
conserving water while optimizing tomato yields in Ethiopia.

Keywords: Deficit irrigation; Mulch; Crop; Water Productivity;
Water stress; Tomato

Introduction

The escalating global population and the escalating challenges
posed by climate change necessitate an increase in food production to
ensure food security worldwide (Page et al., 2020; Wendimu, 2021).
Smallholder agriculture serves as the primary income source for rural
communities in sub-Saharan African (SSA) countries such as Ethiopia.
However, these smallholder agricultural systems heavily rely on rainfed
production, making them vulnerable to the adverse effects of rainfall
variability and drought, leading to food insecurity and low agricultural
productivity (Assefa etal.,2022). The inadequacy of traditional farming
techniques exacerbates the challenges faced by small-scale farmers,
resulting in insufficient food production to meet the demands of the
growing population (Tadesse et al., 2021; Yimam et al., 2020; Gizaw,
2020; Feleke et al., 2020; Belay et al., 2019). Therefore, enhancing
agricultural productivity is crucial to addressing food security issues
and sustaining the livelihoods of Ethiopian communities (Tewabe et
al., 2020) [1].

To address the growing food demands, it is imperative to transition
from rainfed production to irrigation-supported agriculture (Belay
et al,, 2019). Irrigation plays a pivotal role in mitigating the impact
of rainfall variability and irregularity on agricultural productivity
(Mekonen et al., 2022) . Small-scale irrigation initiatives are crucial for
poverty reduction, food security, and enhancing rural livelihoods in
Ethiopia (Assefa et al., 2022; Terefe, 2021; Ahmed, 2019; Tewodros,
2017). However, the scarcity of available water resources poses a
significant challenge to irrigated agriculture in many regions, including
Ethiopia (Belay et al., 2019) [2]. Climate change further exacerbates
water scarcity issues, leading to droughts, moisture stress, and
inadequate water management practices that strain water resources
and hinder crop productivity (Tewabe et al., 2020). Insufficient water
availability for irrigation results in low crop yields, conflicts over
water allocation, and challenges in sustaining agricultural productivity
(Dirirsa et al., 2017) [3]. Currently irrigated agriculture takes place
under water scarcity and insufficient water supply for irrigation due
to these crop productivity is low are (Kifle and Gebretsadikan, 2016).

Enhancing water productivity (WP) and water savings are a major
challenge for sustainable crop production in irrigated agricultural
(Mubarak and Hamdan, 2018). In the context of Ethiopia, traditional
irrigation systems dominate crop production, resulting in low water
and crop productivity levels (Hordofa et al., 2008). Poor irrigation
water management practices further compromise the sustainability of
crop production, leading to crop failures, water disputes, and reduced
household incomes. To address these challenges, innovative water-
saving technologies and efficient irrigation strategies are essential for
enhancing water productivity and ensuring sustainable crop production
(Al-ghobari & Dewidar, 2017; Chai et al., 2016; Mashnik et al., 2017;
Hashem et al., 2018) [4]. Therefore, deficit irrigation and conservation
agriculture practices emerge as critical strategies to optimize water use
efficiency and enhance crop productivity in water-limited regions [5].

Deficit irrigation (DI) represents a water-saving strategy that
aims to maximize net returns by reducing irrigation water without
compromising crop yields (Capra and Consoli, 2015). By implementing
water-saving techniques like DI, water productivity can be improved,
leading to enhanced overall yields (Asmamaw, et al., 2021; Hashem et
al., 2018; Ismail, 2010). Conservation agriculture practices, such as
mulching, have proven effective in boosting water and crop productivity
while reducing production costs (Erkossa et al., 2018; Adimassu et al.,
2017). Mulching, in particular, plays a crucial role in improving water
and crop productivity under deficit irrigation conditions (Rop et al.,
2016). Evaluating various water-saving techniques, including deficit
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irrigation and mulching, is essential for enhancing water productivity
and crop yields in water-limited environments (Khan et al., 2015) [6,7].

Combining mulching with optimal deficit irrigation practices offers
a promising approach to increasing crop yields and water productivity
in water-scarce regions (Wen et al, 2017). Previous studies have
demonstrated the positive effects of deficit irrigation combined with
mulching on crop productivity (Razaq et al., 2019; Biswas et al., 2017).
The objective of this study is to assess the impact of different mulch
types and deficit irrigation practices on water and crop productivity in
tomato production in the Ethiopian highlands [8].

Tomatoes are a vital crop in Ethiopia, contributing significantly
to the country’s agricultural sector and economy. In the Fogera
region specifically, tomato production plays a crucial role in
providing livelihoods for farmers and meeting the local demand for
fresh produce. However, tomato cultivation in Fogera faces various
challenges, with water scarcity being a major concern. The erratic
rainfall patterns and limited access to irrigation water pose significant
obstacles to sustainable tomato farming in the region [9]. In light of
these challenges, the adoption of efficient water management practices
is essential to enhance tomato yield and water productivity in Fogera.
Deficit irrigation, which involves supplying water to crops below their
full water requirements, can help optimize water use efficiency and
mitigate the impact of water scarcity on tomato production. Similarly,
the use of mulching, such as plastic or organic materials, can aid in
conserving soil moisture, suppressing weed growth, and regulating
soil temperature, thereby improving crop yields in water-limited
environments. This study aims to fill the gap in knowledge regarding
the optimal water management strategies for tomato production in this
region, considering factors such as water scarcity, climate variability,
and sustainable agricultural practices. Therefore, this research aims to
address the research gap in understanding how deficit irrigation and
mulching impact tomato yield and water productivity in the specific
context of Fogera, Ethiopia [10]. By investigating the effects of these
practices on tomato crops, the study seeks to provide valuable insights
into sustainable water management strategies for farmers in the region
and to contribute to the development of tailored recommendations and
interventions to support tomato farmers in Fogera in achieving higher
yields and improved water productivity and promoting sustainable
agricultural practices [11].

Materials and Methods
Study area description

The field experiment was conducted at the Fogera National Rice
Research and Training Center (FNRRTC) experimental site [12]. It is
located at 11°19’ N and 37°03' E at an altitude of 1815 m.a.s.1 during the
2020/21 irrigation season. Fogera is found in the South Gonder Zone of
the Amhara regional state (figurl). Which is found at a distance of 657
km from Addis Ababa and 57km from Bahir Dar. It is predominantly
classified as woinadega agro-ecology (ILRI, 2005). The climatic data
of the experimental site, which is situated in the middle of Fogera
Plain, show that the mean annual minimum, maximum and mean
temperatures of the area are 14.0°C, 27.7°C, and 20.8°C, respectively.
Rainfall in the area is uni-modal, usually occurring from June to
October, and its mean annual rainfall is 1216.3mm and ranges from
1103 to 1336mm (Aleminew et al., 2019). The land in Fogera shows that
44.2% is arable and another 20% is irrigated, 22.9% is used for pasture,
1.8% has shrubland, 3.7% is covered with water, and the remaining
7.4% is considered degraded or other (System, 2006). The dominant
soil type in the Fogera is black clay soil (ferric vertisols), while the mid

and high-altitude areas are predominantly orthic Luvisols (Figure 1)
[13,14].

Experimental design and layout

Two main factors were considered: the first factor was mulch
types and the second factor was deficit irrigation level based on crop
water requirement (ETc) and each factor had three levels. Three levels
of deficit irrigation are; 100%ETc, 75%ETc, and 50%ETc while three
mulch types: No Mulch (NM), Rice Straw Mulch (RSM), and White
Plastic Mulch (WPM) were evaluated. The non-deficit and non-mulch
treatments were used as controls. The application of rice straw mulch at
the rate of 6tha—1, while 25 micron thickness was used for white plastic
mulch. A factorial combination of three levels of deficit irrigation
and three mulch types was evaluated in a randomized complete block
design (RCBD) with three replications and treatments were randomly
assigned (by chance) to the experimental block. The field experiment
has a total of nice treatment combinations and 27 plots [15]. The
plot size was 4.2m x 4m=16.8m2 area. To minimize the influence of
the lateral flow of water into the plots, the block distance should be
sufficient. Then, the distance between blocks and plots was 3m and 2m
receptively. In this experiment, the furrow irrigation method was used
(Table 1) [16].

Agronomic practices of the experimental

Tomato Roma VF variety seeds were used as seed material. The
nursery bed was prepared and the seed was sown on 01 December
2020 for tomato. Watering, weeding, fertilizer, chemical spray, and
other agronomic activities were applied in the nursery. The seedling
was transplanted to experimental plots on 01 January 2021 tomato.
Furrow spacing and plant space were done according to the agronomic
recommendation of the area. This was done with the spacing between
rows being Im for tomato while the plant spacing being 30cm
transplanted was done. Each plot has four single planting rows for
tomatoes, each row accommodating about 14 plants for tomato [17].

Each experimental plot was fertilized with one application of NPSB
during transplanting only and a split application of urea at transplant
and 30 days after transplanting as top dressing with the agronomic
recommendation rate NPSB and urea for tomato [18]. Chemical spray
was applied to prevent the experiment from disease and pests. Each
experimental plot was equally treated with fertilizer rate, chemicals,
and weed. For all treatments without treatment variation, one common
irrigation was applied at a depth of 25.5 mm for tomatoes based on
irrigation scheduling to ensure good seedlings establishment. All
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Figure 1: Map of the study area.
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Table 1: Treatment combinations.

Factors

Mulching type

deficit irrigation

Treatment combination

No Mulch (NM)

100%ETc (0%Dl)

100%ETC with NM

75%ETC with NM

50%ETC with NM

100%ETC with RSM

Rice Straw Mulch (SM)

75%ETc (25%DI)

75%ETC with RSM

50%ETC with RSM

100%ETc with WPM

Plastic Mulch (PM)

50%ETc (50%DI)

75%ETC with WPM

50%ETC with WPM
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Figure 2: The experimental layout.

Table 2: Agronomic management of tomatoes throughout the growing period.

Crop Management activities Date Methods and tools
Nursery and seedling 1-Dec-20 Water can
Tomatoes wedding of the seedlings 15-Jan-21 Handpick
(Roma VF) Fertilizer application for nursing 15-Jan-21 Hand
Tillage 10-20 December 2020 Draught animal
Planting and fertigation 1-Jan-21 manual
Irrigation 01 January — 18 April Furrow irrigation
Weeding 15-Jan-21 Sickle
Mulch application 15-Jan-21 Manual
Harvesting 01-30 April 2021 Hand

treatments were weeded only once before mulch was applied. Fifteen
days after transplanting, treatments were started because seedings were
started root development and were well performed. All treatments
were irrigated on the same day because the only difference was the
depth of water based on deficit levels. The harvesting time of tomato
five harvesting times were done and tomato yield was weighed from
each plot during harvest and converted to t/ha (Figure 2) (Table 2) [19-
23].

Soil sampling and analysis

Soil samples were collected before crops were planted. Five soil
depths were sampled from the top to the respective root depth (0-20,
20-40, 40-60, 60-90, and 90-120cm) using a soil auger at three locations
at the representative site of the experiment. Composite samples were
made by mixing five sub-samples from the same treatment and depth.
About 1 kg of soil was used to determine the physical and chemical

properties such as soil textural class, field capacity (FC) and permanent
wilting point (PWP), soil pH, and EC analysis at the Amhara Design
and Supervisory Works Enterprise. Whereas the soil bulk density was
determined from undisturbed soil samples using a cylinder, a drop-
hammer core sampler with a size 5 cm in diameter and 5 cm in height
was driven into the soil with a hammer [24]. The core sampler was
driven to 20 cm depth for the upper 0-20 cm soil layer and to 40 cm
depth for the next 20 cm layer. The cylinder containing an undisturbed
soil core was removed and trimmed. The weight of the soil core was
determined after drying it in an oven at 105 °C for 24 hours. The mass of
the soil per volume determined the bulk density (Terzaghi et al., 1996).
Soil samples were air-dried, sieved by a 2 mm sieve, and analyzed using
standard laboratory procedures. The major soil properties included pH
(H20), electrical conductivity, exchangeable Na, K, Ca, Mg, CEC, and
Exchangeable Na %(ESP) was determined using ammonium acetate.
The soil textural class analysis of clay, silt, and sand was determined
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using the hydrometer method [25]. The pH meter was standardized with
4.0 and 9.2 pH buffer solutions and accordingly, the pH of the sampled
soil was measured. For soil electrical conductivity determination, an
extract was obtained from the saturated soil paste with the help of a
vacuum pump. Then with the help of the digital electrical conductivity
meter, ECe was measured. The pH and EC of water were also measured
for irrigation water quality. Field capacity and permanent wilting points
were determined in the laboratory using pressure-plate apparatus by
applying 1/3 bars pressure to a saturated soil sample for field capacity
and applying 15 bars pressure to determine the permanent wilting
point. The soil moisture was determined gravimetrically [26].

Determination of crop water requirement

Monthly ETo was computed using CROPWAT model version
8.0 with the Penman-Monteith method based on the 28-year long-
term climate data (Tmax. Tmin, RH, Sh, and U) collected from the
West Amhara National Metrology Agency in Bahir Dar for onions
and tomatoes during the growing season. Crop water use (ETc) was
determined by multiplying ETo by the crop coefficient (ET0*Kc)
(Allen, 2006) [27]. The crop coeflicient was used for the growth stages
of the onion and tomato crop for the experimental years explained.
Irrigation water to be applied to the tomato was determined based on
the allowable constant soil moisture depletion fraction (p = 0.4) of the
total available soil water (TAW), where TAW was determined from the
permanent wilting point, field capacity, root depth, and bulk density
variables [28]. The depth of water applied during each irrigation event
was the net irrigation requirement estimated by the Penman-Monteith
method using the long-term climate data. Considering conveyance
and other losses for a surface furrow irrigation system, an application
efficiency of 60% was assumed (Chandrasekaran et al, 2010).
Successive irrigation depth was applied based on the readily allowable
water for the root depth on that day. The different amount of water
was applied with different irrigation scheduling. Because the amount
of water applied to the crop depends on the crop growth stage and the
monthly weather conditions [29]. The daily crop evapotranspiration
was deducted from the net irrigation depth for the control treatment

(100% ETc) until the cumulative subtraction from the net irrigation
depth applied approached zero. Further irrigation was applied when
the cumulative ETC approach to net irrigation depth was applied
to control treatment and applied to stress treatments based on their
proportion to non-stressed treatment. The effective root depth for mid-
season and the late season was taken as a constant 1.Im for tomato.
During the experiment, there was no rainfall, and all the water required
by crops had to be supplied by irrigation, due to this, the net irrigation
requirement and the readily available water were equal. The gross
irrigation was calculated based on application efficiency and readily
available water (FRENKEN, 2002). Once the amount of water that
needs to be given during one irrigation application is estimated and
applied, then the next determines the irrigation interval by dividing the
net irrigation depth (mm) by daily crop water requirement (mm/day)
(Table 3) [30-33].

The predetermined amount of irrigation water for each plot was
measured using a 3-inch standard Parshall flume. The required amount
of irrigation water was applied to each experimental plot based on
the deficit level of the treatment. The volume of water applied for all
treatments was determined from the plot area and depth of irrigation
requirement. The time required to irrigate each plot was measured
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 the below
equation 2.1 the help stopwatch (Geremew et al., 2008).

T= (A*d)/6q 2.1)

Where A = (irrigated area) in m* d = irrigation depthincm T =
(time) in min. q = (Parshall flume discharge) in I/s

Agronomic data collection
Marketable yield

The experimental data on the fruit yield of tomato in each
experimental plot was harvested and the yield obtained after picking
the tomato fruit. Marketable yield (kg/ha) was measured for healthy

Table 3: Long-term (from 1990 to 2017) means climate data.

Month RF Tmin. Tmax.°c RH Ws (U)  sunshine (hr)  ETo mm/day
(mm) °c % m/s
Jan 0 11 27 49.5 0.66 9.5 3.6
Feb 0 12.2 28.7 44 .4 0.74 9.65 4.15
Mar 0.3 13.7 29.9 424 0.91 9.06 4.67
Apr 3 14.1 30.3 42.6 1.01 9.03 4.97
May 16.2 14.3 294 53.6 0.94 8.31 4.64
Jun 121.7 13.7 27.5 66.7 0.93 6.99 4.08
Jul 314.2 13.7 243 76.1 0.76 4.65 3.25
Aug 274.4 13.8 24.6 78.1 0.72 4.58 3.22
Sep 144 13.2 257 72.8 0.72 6.45 3.65
Oct 37.9 12.8 26.7 64.3 0.73 8.55 3.93
Nov 0.9 11.4 26.9 57 0.68 9.45 3.72
Dec 0 10.9 26.7 53.8 0.62 9.81 3.5
Table 4. Tomato parameters used for crop water estimation.
Growth stage
Initial Development Mid Late Total
Tomato
Depletion fraction (P) 0.4 0.4 0.4 0.4
Crop Coefficient (Kc) 0.5 0.8 1.1 0.8
Growth stage (days) 15 30 35 40 120

Source: Allen et al., (1998)
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Table 5: Results of physical properties of soil of the experimental site.
Soil depth (cm) FC (%) PWP (%) Bulk density (gm/ Textural status (%) Textural class TAW
(0.33 bar) (15 bars.) cm?) sand Silt clay (mm)
0-20 35.1 215 1.22 13 22 65 heavy clay 33.18
20-40 35.6 22.3 1.24 21 16 63 heavy clay 32.98
40-60 375 23.6 1.31 19 18 63 heavy clay 36.428
60-90 37.8 24.8 1.28 21 16 63 heavy clay 49.92
90-120 38.6 25.7 1.33 19 16 65 heavy clay 51.858

Total available water (TAW)

Table 6: Analysis of chemical properties of soil and water.

Soil depth (cm) 0-20cm = 20-40cm | 40-60cm
pH-H20 (1:2:5) 5.38 5.73 6.17
EC (mS/cm) 0.1 0.1 0.1
Exch. Na (meq. /100gm of soil) 1.25 2.23 1.07
Exch. K (meq. /100gm of soil) 0.26 0.34 0.31
Exch. Ca (meq. /100gm of soil) 30.1 37.09 26.66
Exch. Mg (meq. /100gm of soil) 9.58 15.62 7.62
CEC (meq. /100gm of soil) 42.13 55.7 48.12
Sum of cations (meq. /100gm of soil) 41.18 55.27 35.65
Exchangeable Na %(ESP) 2.96 4 2.22
PH of water 7.28

EC (dS/m) of water 0.24

and non-diseased, non- rotten, tomato fruit recorded from the sampled
plant. Marketable bulb yield was expressed as kg per plot [34]. Finally,
the yield obtained from the sample area was converted to per hectare
using equation 2.2 (Demisie and Tolessa, 2018).

k;] _

ha
Water productivity was determined based on the ratio of the yield
of tomato (yield per hectare) to the amount of water used from the
establishment to harvest expressed as kg of yield per m3 of water. It was
calculated based on the formula using equation 2.3.

WP = ﬁ (2.3)

Where: WP -Water productivity (kg/m3) Ya-Actual yield (kg/ha)
ETa -Seasonal applied amount of water (m3 /ha)

weight of sample yieldlkg)

Tomato yield ( - 10000m2  (2.2)

Met harvested areamz)

The crop yield response factor (Ky) was determined from the
experimental data. The yield response factor (Ky) was one of the
important parameters that indicated whether moisture stress due to
deficit irrigation was advantageous or not in terms of enhancing water
productivity. The yield response factor relates relative yield reduction
to the corresponding relative deficit in evapotranspiration (ETc). It
was an indication of the response of yield to water use reduction. The
yield response factor was determined based on the ratio of relative yield
decrease to relative evapotranspiration deficit expressed in decimals,
using equation 2.4 (Smith et al., 2002) [35].

ETa

(2.4)

(L—J—:] =kys (L—

|

m

Where: Ya = actual harvested yield in kg/ha, Ym = maximum
harvested yield in kg/ha, ky = yield response factor, ETa = actual
evapotranspiration in mm/growing period, and ETm = maximum
evapotranspiration in mm/growing period.

Statistical analyses

The collected data were statistically analyzed using statistical
software in the procedure of a general linear for the variance analysis
model. Analyses of variance (ANOVA) were used for the yield and

204mm/1.2m=170mm/m

water productivity of tomatoes. All data collected were managed and
compared with Least Square of Differences (LSD) and when the effect
of the treatments was found significant, mean comparisons were tested
using the Tukey test at 5% probability. Results of growth, yields, and
yield component parameters were analyzed using the statistix computer
package version 10 [36].

Results and Discussions

Soil and water analysis

The soil texture laboratory analysis results showed that the average
proportion of sand, silt, and clay percentages were 18.6, 17.6, and 63.8,
respectively. Thus, according to the USDA soil textural classification,
the soil textural class of the experimental site was heavy clay soil. The
result of soil bulk density (BD) in the experimental field has a slight
variation in its depth [37]. The BD of the experimental site varied from
1.22 g/cm3 in the upper soil (0-20 cm) to 1.33 g/cm3 in the lower soil
layer (90-120 cm). The average bulk density of the experimental site
was 1.28 g/cm3. The BD of 1.2 g/cc may be expected for clay soil but it
can vary from around 1.0-1.4 g/cc (Hazelton & Murphy, 2019). The soil
moisture content on the weight base at FC showed varying variation
within depths of 0-20, 20-40, 40-60, 60-90 and 90-120 cm were 35.1,
35.6, 37.5,37.8 and 38.6 %, respectively. Whereas the soil moisture
content on weight base at PWP also showed a vary within depths of
0-20, 20-40,40-60,60-90 and 90-120 cm were 21.5, 22.3, 23.6,24.8, and
25.7%, respectively. The average moisture content on the weight base at
FC (1/3 bar) and PWP (15 bar) were 36.92% and 23.58%, respectively
[38]. The total available water (TAW) which was the amount of water
that a crop can extract from its root zone was directly related to
variations in FC and PWP. Based on the laboratory results of ADSW
the experimental TAW also showed a variation within depths of 0-20,
20-40,40-60,60-90 and 90-120 cm were 33.2, 33.0, 36.4,49.9, and
51.9mm, respectively. The volumetric TAW of the experimental site
was 170mm/m. The analysis of applied irrigation water showed that
a pH value of 7.28 and ECw value of 0.24 dS/m was obtained (Table
5,6) [39].

Crop water requirement of tomato

The total irrigation water applied to tomato crops was 438.5 mm
for non-stressed treatment (100%ETc) respectively. The result was
in agreement with Doorenbos and Kassam (1986) who reported that
the seasonal crop water requirement of tomato ranges from 400-600
respectively using furrow irrigation. All treatments were irrigated on
the same day because the only difference was the depth of water on
deficit levels (Table 7) [40].

The effects of deficit irrigation on yield and water productivity
of tomato

The effects of deficit irrigation on yield components of tomato

Deficit irrigation had no significant effect on the fruit diameter and
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Table 7: Seasonal irrigation water applied to the tomato.

Treatments Total Total
CWR, (mm) IWR (mm)
100%ETc 438.5 438.5
75%ETc 335.3 335.3
50%ETc 232 232

Table 8: The effects of deficit irrigation on yield components of tomato.

Deficit level Fruit diameter (cm) Fruit length (cm)
100%ETc 3.60° 5.82
75%ETc 3.632 5.782
50%ETc 3.587 5.72

LSD (0.05) NS NS

CV 1.9 1.8

Where, LSD = Least Significant Difference at 5% level; CV = Coefficient of
Variation. Means in columns followed by the same letters are not significantly
different at a 5% level of significance. ** =significant at P < 0.01

fruit length of tomatoes (p < 0.05). Fruit diameter and fruit length were
not significantly affected by deficit level. Even with a minimal amount of
water, we can get reasonable growth and yield components. However,
the maximum fruit diameter and fruit length (3.63 and 5.8cm) were
recorded from 75%ETc and control (100%ETc) respectively. On the
other hand, the minimum fruit diameter and fruit lengths were 3.58 and
5.7cm recorded in the application of 50%ETc respectively. According
to Berihun, (2011), amount of water applied did not have a significant
effect on the growth and yield components of tomatoes. These results
are consistent with the findings of Shahein et al., (2012) who reported
that water stress for the whole growing season does not significantly
affect fruit length and diameter compared to fully irrigated treatment.
A similar result was also reported by Selamawit Bekele, (2017) who
reported that deficit levels had no significant effect on growth and yield
components. No significant difference in fruit diameter was observed
under full irrigation and 70%ETc (Randhe et al., 2019) (Table 8) [41].

The effects of deficit irrigation on yields and water
productivity of tomato

The analysis of variance (ANOVA) results showed that the
marketable yield of tomato was significantly (p < 0.05) affected by
irrigation levels. the highest and the lowest marketable yield of tomato
(37.7t/ha) and (29.5t/ha) were obtained from the 75%ETc and 50%ETc
respectively. This shows that the marketable yield of tomato in 75%ET<¢c
was 27.8% higher than 50%ETc and 4.1% higher than 100%ETc, i.e.,
75%ETc could save 25% of water without affecting yield. This result is
consistent with the suggestion of Biswas et al., (2015) reported that the
yield of tomatoes with the increasing amount of irrigation water. The
trend was reversed when irrigation was coupled with mulches there was
a decrease in tomato yield with the increase in irrigation regime. This
result was in line with Audu et al., (2020) who reported that the high
tomato yield was obtained at 80%ETc than 100ETc. A similar result was
also Randhe et al, (2019) stated that, the yield of tomatoes was higher
under 70%ETc than full irrigation. For tomatoes production applying
85% and 70% of ETc was recommended with a minimum reduction
of yield (Kifle, 2018). This result was also in line with Ya-dan et al,,
(2017) reported that tomato yield increased with the amount of applied
irrigation water at 75%ETc and then decreased at 100%ETc [42].

Similarly, the highest WP of tomato 12.7 and 11.2kg/m3 was
obtained from 50%ETc and 75%ETc respectively while the lowest WP
8.3kg/m3 was obtained from 100%ETc. This shows that the WP of
tomato in 50%ETc was 13.4% higher than 75%ETc and 53.0 % higher

than 100%ETc. This shows that WP in 100%ETc was lower than 50%
and 75%ETc. The 100%ETc had a significant difference on WP from
all other deficit treatments. This was because the amount of water
applied in the full irrigation treatment was significantly higher than in
the deficit treatment. WP for tomato was increased in deficit treatment
compared to non-stressed treatment. This result was in line with
Guangcheng et al., (2017) who stated that DI significantly increased
the WP compared to the full irrigation regime. A similar result was also
reported by Ragab et al., (2019) that DI improved WP for tomatoes.
This result was also in line with Selamawit Bekele, (2017) reporting that
the maximum WP was recorded from 50%ETc and the minimum was
recorded at 100%ETc. The highest WP of tomato was found at 50%ETc,
while 100%ETc showed the least WP (Asmamaw et al., 2021). The
highest WP of tomatoes was obtained in 50%ETc (Ya-dan et al., 2017).
The highest WP was observed at 60%ETc while the lowest was observed
at 100%ETc (Sang et al., 2020) (Table 9) [43].

The effects of mulch types on yield and water productivity of
tomato

The effects of mulch on yield components of tomato

The analysis of variance showed that the fruit diameter of tomato
was significantly affected by the main effects of mulch type (p < 0.05),
while the fruit length of tomato was not significantly affected by the
mulch type. The highest fruit diameter was obtained from rice straw
mulch 3.66¢m and plastic mulch 3.60cm while the lowest fruit diameter
was obtained from no mulched treatment 3.56cm. Whereas the fruit
length of tomato was not significantly different among treatments. This
result agreed with the results of Karaer et al., (2020) who stated fruit
diameter was found to be higher in mulch applications [44]. This result
agreed with the results of Goel et al., (2020) reported that the trend of
the favorable effect produced by mulches on growth parameters was rice
straw mulch higher than no mulch. The application of different mulch
types had no significant effect on the growth and yield parameters of
tomatoes (Mn et al., 2017) (Table 10) [45].

Table 9: The effects of deficit irrigation on yield and water productivity of tomato.

Deficit level Yield of tomato Water productivity of
(t/ha) tomato (kg/m?)

100%ETc 36.2° 8.3°

75%ETc 37.72 11.2b
50%ETc 29.5¢ 12.72

LSD (0.05) 1.1 0.3

p x *x

CcVv 2.6 2.7

Where, LSD = Least Significant Difference at 5% level; CV =Coefficient of
Variation. Means in columns followed by the same letters are not significantly
different at 5% level of significance. ** =significant at P < 0.01

Table 10: The effects of mulch type on fruit diameter and length of tomato.

Mulch types Fruit diameter (cm) Fruit length (cm)
No muich 3.56° 5.762

Rice straw mulch 3.662 5.79°
Plastic mulch 3.60% 5.772

LSD (0.05) 0.08 NS

p P

cv 1.9 1.8

Where, LSD = Least Significant Difference at 5% level; CV = Coefficient of
Variation. Means in columns followed by the same letters are not significantly
different at 5% level of significance. ** =significant at P < 0.01
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The effects of mulch types on yields and water productivity
of tomato

The analysis of variance showed that the marketable yield of onion
and tomato was significantly affected by mulch type at (p < 0.01). The
marketable yield of tomatoes was 36.9, 35.1, and 31.1 t/ha, respectively,
in RSM, WPM, and NM treatments. This implies that the marketable
yield in RSM was 17.1% higher than NM and 5.1% higher than WPM
treatment. The result indicated that mulch application significantly
improves the yield of the tomato. This result was in line with the results
of Audu et al, (2020) reported that the yields of tomatoes obtained
from RSM were higher than the yield obtained from WPM. The results
were also consistent with the findings reported in Goel et al., (2020) that
increase in tomato yield with mulches RSM was 25.6% as compared
to NM. RSM increased the fruit yield of tomatoes (Pandey & Mishra,
2012). These results agree with Robel Admasu and Zelalem Tamiru,
(2019) who reported that the maximum marketable yield was obtained
due to plastic mulch than no mulch for tomatoes. The application of
straw mulch is found to be economically and agronomically feasible
(Berihun, 2011). The application of mulch types significantly influences
tomato fruit yield (Tegen et al, 2016). Crop yield significantly
increased with the application of rice straw mulch (Dossou-yovo et al.,
2016). These results suggest that straw mulching has great potential for
improving onion yield (Tao et al., 2015) [46].

Similarly, the WP of tomatoes was 11.4, 11.0, and 9.8 kg/m3 in
RSM, WPM, and NM treatments, respectively. It implies that the WP
in the RSM treatment was 16.3% higher than NM and 3.6% higher than
the WPM treatment. The results indicated that mulching applications
significantly improve the WP of the tomato. This result was in line
with the results of Goel et al., (2020) who reported that RSM increased
WP by 26.6 % over no mulch. The results were also consistent with
the findings reported in tomato Robel Admasu and Zelalem Tamiru,
(2019) that the maximum WP was obtained due to PM than NM for
tomatoes. The result indicated that mulching was one of the important
water management strategies used to improve WP. This result showed
that straw mulch increased WP and decreased evapotranspiration
(Table 11) [47].

The interaction effects of deficit irrigation and mulch types
on yield and water productivity of tomato

The effects of deficit irrigation and mulch on yield components
of tomato

The analysis of variance showed that the fruit diameter and fruit
length of tomatoes were not significantly affected by the interaction
effects of deficit irrigation and mulch types (p < 0.01). There was
no significant difference was observed between treatments in fruit
diameter and fruit length of tomato at all deficit irrigation and mulch

Table 11: The effects of mulch type on marketable yield tomato.

Mulch types Yield of tomato = water productivity of tomato (kg/m?)
(t/ha)

No muich 31.5° 9.8°

Rice straw mulch 36.92 11.42

Plastic mulch 35.1° 11.0°

(OAY 2.6 2.6

P level > >

LSD (0.05) 1.1 0.3

Where, LSD = Least Significant Difference at 5% level; CV = Coefficient of
Variation. Means in columns followed by the same letters are not significantly
different at 5% level of significance. ** =significant at P < 0.01

types. Even we applied a minimum amount of water to get a reasonable
fruit size tomato. This may be due to the canopy covers of tomato used
as a mulch. This result agreed that the results of Kere et al., (2003)
the yield attributes of tomato were not significantly affected by either
irrigation amount and mulch type. According to Berihun, (2011), the
interaction effect of the amount of water and mulch was not significant
in fruit length and fruit diameter. According to Aliabadi et al., (2019)
the interaction effect of mulch and the amount of water on fruit length
and diameter was not significant. A similar result was also reported
by Selamawit Bekele, (2017) who reported that deficit levels have no
significant effect on plant and fruit height. No significant difference in
fruit diameter was observed under full irrigation and 70%ETc (Randhe
etal., 2019) (Table 12) [48].

Combine effects of mulch and deficit irrigation on yields and
water productivity of tomato

The ANOVA results showed that the marketable yield of tomato
was significantly affected by the interaction effects of deficit irrigation
and mulch types at (p < 0.05). The highest marketable yield of tomato
(41.7t/ha and 38.6 t/ha) was achieved from 75%ETc and 100%ETc with
RSM treatments, respectively. However, no significant yield difference
was observed between 75%ETc with WPM and 100%ETc with RSM
treatment combinations. The lowest marketable yield obtained from
50%ETc with NM treatment was 26.6t/ha. The marketable yield of
tomato was 41.7, 38.6, and 38.0, t/ha, respectively, in 75% and 100%ETc
with RSM, and 75%ETc with WPM treatment combinations. This
implies that the marketable yield of tomato in 75%ETc with RSM was
8.0% higher than 100%ETc with RSM and 9.7% higher than 75%ETc
with WPM treatment combinations. This result showed that RSM and
WPM increased the yield of tomatoes by 21.2% and 10.5% compared
with the NM treatment. These results also showed that there was no
yield advantage observed using 100ETc with NM. RSM improves the
yield of tomatoes compared to WPM and NM treatments. All the
deficit treatments with mulch resulted in significantly higher yields
than un-mulched irrigation-level treatments. The yield of tomatoes
increased with the increase in water supply without mulch. The
effect was reversed when the irrigation level was coupled with either
plastic or straw mulch; there was a decrease in tomato yield with the
increase in the irrigation regime. Irrigation at the same level without
mulch produced the lowest yield. However, 100%ETc irrigation supply
produced a lower yield than 75%ETc when mulched with plastic and
mulched with straw. This may be due to excessive watering that has

Table 12: The interaction effects of mulch and deficit on yield components of
tomato.

Treatments Fruit diameter (cm) Fruit length (cm)
100% ETc'NM 3.56° 5.832
75% ETc’'NM 3.55° 5.752
50% ETc’'NM 3.55° 5.712
100% ETc'SM 3.68° 5.782
75% ETc’'SM 3.69° 5.822
50% ETc’'SM 3.602 5.762
100% ETc'PM 3.572 5.79°
75% ETc’PM 3.66° 5.77°
50% ETc'PM 3.58° 5.74°
(oAY 1.9 1.8
LSD (0.05) NS NS

Where, LSD = Least Significant Difference at 5% level; CV = Coefficient of
Variation. Means in columns followed by the same letters are not significantly
different at 5% level of significance. ** =significant at P < 0.01 and NS =non-
significant
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been shown to increase flower drops and reduce fruit set. Also, this
may cause excessive vegetative growth and a delay in ripening. The
water supply during and after the fruit set must be limited to a rate
that will prevent the stimulation of new growth at the expense of fruit
development (Doorenbos and Kassam, 1979). This result is in line
with the findings of Audu et al.,, (2020) recommended that tomato
producers adopt water application at 80%ETc and use RSM. These
results were also consistent with the findings of Biswas et al., (2015)
reported that with 100%ETc water application, the plastic-mulched
treatment produced a lower yield than the straw-mulched treatment.
The maximum marketable yield of tomatoes was observed at 80%ETc
with mulch (Alebachew, 2017). The maximum fruit yield was recorded
from the plants receiving deficit irrigation at 80%ETc with a straw
mulching treatment combination (Samui et al., 2020). The best level
of irrigation for tomato crops is 80%ETc and this corresponds to
mulching practice of rice straw mulch (Zakari et al., 2020) [49].

Similarly, the highest WP of tomatoes (13.59 and 13.08 kg/m3) was
achieved from 50%ETc with WPM and with RSM respectively . There
was no significant difference observed between 50%ETc with WPM and
with RSM treatment combinations. The lowest WP was obtained from
100%ETc with no mulch. However, there were no significant differences
observed between in WP of 100%ETc with NM and 100%ETc with
WPM treatment combinations. The WP of tomatoes was 13.59, 13.08,
and 12.44, kg/m3, respectively, at 50%ETc with WPM, RSM, and
75%ETc with RSM treatment combinations. This implies that WP in
50%ETc with WPM was 3.2% higher than 50%ETc with RSM and 8.5%
higher than 75%ETc with RSM treatment combinations. These results
showed that RSM and WPM combined with DI improved tomato
WP without yield penalty. At an irrigation level of 50%ETc, irrigated
tomato plots mulched with WPM produced better WP than that of NM
and NM treatment. The NM treatment remained always behind the
mulched treatment. At a high irrigation level of 100%ETec, all mulched
and un-mulched treatments performed almost similarly to produce
WP. Mulches reduced the rate of water loss through evaporation from
the soil surface. So, the soil-water-plant relationship was better in a low
irrigation level than in a high irrigation level which might help produce
higher WP. These results were consistent with the findings of, Biswas
et al., (2015) reported that the higher WP were obtained from mulch
treatments with a 50%ETc. This result is in line with the findings of
Goel et al., (2020) who explained that mulching increased irrigation
water use efficiency by 26.6 % in rice straw mulch over no mulch. The
tomato WP under the interactive effect of deficit irrigation and mulch
was determined to be highest at 60%ETc with mulch and lowest at
100%ETc (Sang et al., 2020) (Table 13).

The effect of mulch and deficit irrigation on yield response
factor

The study revealed that a lower yield response factor (ky) of 0.0 was
achieved from 75%ETc with RSM for tomato. The result indicated that
the ky was associated with deficit level and mulch types. At 100%ETc
were no recorded yield response factors . Because the actual amount
of water applied at 100%ETc was similar to ETm, the result was one.
In this study, the Ky of the tomato crop under no mulch condition
was 1.0. The Ky values of the no mulch treatment were higher than
the mulched treatment which implies that the proportional decrease
in yield under the no mulch condition was much higher than in the
mulched condition. Ky, which indicates the level of tolerance of a crop
to water stress, approaching unity when yield declines proportionally
to ET deficit (the greater Ky the lower the tolerance), was higher in no
mulch compared to mulched treatment. This reveals a greater tolerance

Table 13: The interaction effects of mulch and deficit on marketable yield tomato
(t/ha).

Treatments Marketable Yield of tomato ~ Water Productivity of
(t/ha) tomato (kg/md)
100% ETc’'NM 34.4¢ 7.84f
75% ETc’'NM 33.4% 9.97¢
50% ETc’'NM 26.69 11.45°
100% ETc'SM 38.6° 8.81¢
75% ETc’SM 41.72 12.44°
50% ETc’'SM 30.3f 13.08%
100% ETc’PM 35.6% 8.12¢f
75% ETc’'PM 38.0°° 11.34¢
50% ETc’'PM 31.5¢ 13.592
(OAY) 26 2.6
P level > >
LSD (0.05) 26 0.5

Where, LSD = Least Significant Difference at 5% level; CV = Coefficient of
Variation. Means in columns followed by the same letters are not significantly
different at a 5% level of significance. ** =significant at P < 0.01

Table 14: Effect of mulch type and deficit irrigation levels on tomato yield response
factor.

Treatment Yield ETa | ETa Ya 1-Y, | 1ET  K=1(Y /Y )
(kg/ha) ETm Ym Y ET | 1{ET/ET)
100%ETC' NM | 34375 | 4385 1 | 08 | 0.2 0 -
75%ETC 'NM 32097 3353 | 0.8 08 02 02 1
50%ETC 'NM 26563 232 05 06 04 05 0.7
100%ETC *SM 38646 4385 1 09 0.1 0 -
75%ETC SM 41701 3353 08 1 0 02 0
50%ETC "SM 30347 232 05 07 03 05 05
100%ETC 'PM 35625 4385 1 09 0.1 0 -
75%ETC'PM 38021 3353 | 08 09 01 02 0.4
50%ETC PM 31528 232 | 05 08| 02 05 05

of this mulched treatment to water shortage. In this respect, Ky may be
a valuable tool for water deficit tolerance and, thus, for deficit irrigation
adaptability evaluation in tomato and onion production. Results
among the treatments showed as the deficit increased, the sensitivity of
yield increased (Table 14) [50].

Conclusion and Recommendations

Conclusion

Water scarcity is the main challenge in current sub-Saharan
African countries including Ethiopia. To mitigate those challenge
on farm water water-saving strategies should be implemented to
increase yield and water productivity. The marketable yield of tomato
in 75%ETc was 27.8% higher than 50%ETc and 4.1% higher than
100%ETc treatment. While the IWUE in 50%ETc treatment was 13.4%
higher than 75%ETc and 53.0% higher than 100%ETc¢ treatment. The
marketable yield of tomato in RSM was 17.1% higher than in NM
and 5.1% higher than WPM treatment while the IWUE of tomato in
RSM was 16.3% higher than in NM and 3.6% higher than in the WPM
treatment. In the combination effects of mulch and deficit irrigation,
the marketable yield of tomatoes in 75%ETc with RSM was 8.0% higher
than 100%ETc with RSM and 9.7% higher than 75%ETc with WPM
treatment combinations. Similarly, the water productivity of tomatoes
in 50%ETc with WPM was 3.2% higher than 50%ETc with RSM and
8.5% higher than 75%ETc with RSM treatment combinations.

Deficit irrigation strategies are recommended for use by farmers
and extension workers to achieve optimum tomato yield and maximize
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WP by applying at 75%ETc through growth phases while saving water
25% of the water requirement. Smallholder farmers should apply
RSM practices to increased tomato yields and savings water under
conservation agriculture. Tomato growers are highly advised to cover
their crop with RSM and apply 25%deficit irrigation instead of full
irrigation to achieve higher tomato yields and better WP. Adoption
of water-saving strategies by smallholder farmers during the water
scarcity time has economic benefits because less production cost was
required for diesel, and labor for irrigation water application, and
the saved water can potentially increase farm income to be used for
bringing new areas under irrigation. Additional research is needed on
the effect of mulch types on soil nutrient dynamics, soil temperature,
and the occurrence of pests and disease while different irrigation levels
of moisture stress to determine conclusively the influence of the same
study on yields and water productivity. Such studies may result in a
further improvement of the yield of tomato in water shortage areas of
the country.

Reference

1. Abdu Y Yimam, Reyes TTA (2020) Experimental Evaluation for the Impacts
of Conservation Agriculture with Drip Irrigation on Crop Coe ffi cient and Soil
Properties in the. Experimental Evaluation for the Impacts of Conservation
Agriculture with Drip Irrigation on Crop Coefficient and Soil Properties in the
Sub-Humid Ethiopian Highlands.

2. Adimassu Z, Langan S, Johnston R, Mekuria W, Amede T, et al. (2017) Impacts
of Soil and Water Conservation Practices on Crop Yield, Run-off, Soil Loss and
Nutrient Loss in Ethiopia: Review and Synthesis. Environmental Management
59: 87-101.

3. Ahmed J (2019) The Role of Small Scale Irrigation to Household Food
Security in Ethiopia: A Review Paper. Journal of Resources Development and
Management 60:20-25.

4. Al-ghobari HM, Dewidar AZ (2017) Uncorrected Proof areas Uncorrected Proof
1-11.

5. AL-SHAMMARY AAG, KOUZANI AZ, KAYNAK A, KHOO SY, NORTON M, et
al. (2018) Soil Bulk Density Estimation Methods: A Review. Pedosphere 28:
581-596.

6. Alebachew K (2017) EVALUATION OF DEFICIT IRRIGATION AND
MULCHING ON WATER PRODUCTIVITY OF TOMATO (Lycopersicon
esculentum Mill) UNDER DRIP IRRIGATION SYSTEM AT KALLU WOREDA,
SOUTH WOLLO, ETHIOPIA MSc.

7. Aleminew A, Alemayehu G, Adgo E, Tadesse T (2019) Response of rain-
fed lowland rice varieties to different sources of N fertilizer in Fogera Plain,
Northwest Ethiopia. Cogent Food & Agriculture 5: 1707020.

8. Aliabadi BT, Hassandokht MR, Etesami H, Alikhani HA (2019) Effect of
Mulching on Some Characteristics of Tomato (Lycopersicon esculentum Mill.)
under Deficit Irrigation 21: 927-941.

9. ALLEN RG, Utah US (2006) FAO Irrigation and Drainage Paper Crop by. 56.

10. Asmamaw DK, Janssens P, Desse M, Tilahun S, Adgo E, et al. (2021) Deficit
irrigation as a sustainable option for improving water productivity in Sub-
Saharan Africa : the case of Ethiopia. A critical review 3.

11. Asmamaw DK, Janssens P, Desse M, Tilahun S, Adgo E, et al. (2021) Deficit
irrigation as a sustainable option for improving water productivity in sub-
Saharan Africa: The case of Ethiopia a critical review. Environmental Research
Communications 3(10).

12. Assefa E, Ayalew Z, Mohammed H (2022) Impact of small-scale irrigation
schemes on farmers livelihood, the case of Mekdela Woreda, North-East
Ethiopia. Cogent Economics and Finance 10(1).

13. Audu |, Igbadun HE, Nasidi NM (2020) Effects of Deficit Irrigation and Mulch
Practices on Yield and Yield Response Factors of Tomato ( Lycopersicon
esculentum ) at Kano River Irrigation Project ( KRIP ), Kano-Nigeria. BAYERO
JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) 14: 209-225.

14. Bekele S (2017) Response of Tomato to Deficit Irrigation at Ambo Ethiopia 7:
48-52.

20.

21.

22.

23.

24.

25.

26.

27.

28

29.

30.

31.

32.

33.

34.

35.

36.

.Belay SA, Schmitter P, Worglul AW, Steenhuis TS, Reyes MR, et al. (2019)

Conservation agriculture saves irrigation water in the dry monsoon phase in the
Ethiopian highlands. Water (Switzerland) 11(10).

. Berihun B (2011) Effect of mulching and amount of water on the yield of tomato

under drip irrigation. Journal of Horticulture and Forestry 3: 200-206.

.Biswas SK, Akanda AR, Rahman MS, Hossain MA (2015) Effect of drip

irrigation and mulching on yield, water-use efficiency and economics of tomato.
Plant, Soil and Environment 61: 97-102.

.Chai Q, Gan Y, Zhao C, Xu HL, Waskom RM, et al. (2016) Regulated deficit

irrigation for crop production under drought stress. A review. Agronomy for
Sustainable Development 36:1-21.

. Demisie R, Tolessa K (2018) Growth and Bulb Yield of Onion (Allium cepa L.)

in Response to Plant Density and Variety in Jimma, South Western Ethiopia.
Advances in Crop Science and Technology 06(02).

Dirirsa G, Woldemichael A, Hordofa T (2017) Effect of deficit irrigation
at different growth stages on onion ( Allium Cepa L.) production and water
productivity at Melkassa , Central Rift Valley of Ethiopia. Academic Research
Journal of Agricultural Science and Research 5:358-365.

Dossou-yovo ER, Ampofo E, Igue AM, Sintondji LO, Jesse N, et al. (2016)
Improving soil quality and upland rice yield in northern Benin with no-tillage, rice
straw mulch and nitrogen fertilization 9: 117-131.

Erkossa T, Wiliams TO, Laekemariam F (2018) Integrated soil, water
and agronomic management effects on crop productivity and selected soil
properties in Western Ethiopia. International Soil and Water Conservation
Research 6: 305-316.

Feleke E, Assefa E, Zeleke T (2020) Effects of Small Scale Irrigation on
Household Income and Its Implication for. Journal of Sustainable Development
in Africa 22:104-131.

Geremew EB, Steyn JM, Annandale JG (2008) Comparison between traditional
and scientific irrigation scheduling practices for furrow irrigated potatoes
(Solanum tuberosum L.) in Ethiopia 25: 42-48.

Gizaw G (2020) Factors affecting agricultural productivity in Doba woreda,
Oromia national regional state, Ethiopia. Archives of Business Research 8: 59-
70.

Goel L, Shankar V, Sharma RK (2020) Effect of organic mulches on agronomic
parameters - A case study of tomato crop (Lycopersicon esculentum Mill.).
International Journal of Recycling of Organic Waste in Agriculture 9:297-307.

Guangcheng S, Carlos L (2017) Effects of deficit irrigation and biochar addition
on the growth, yield, and quality of tomato. ELSEVIER 222: 90-101.

. Hazelton P, Murphy B (2019) Interpreting Soil Test Results. In Interpreting Soil

Test Results.

Hordofa T, Menkir M, Bekele S, Erkossa T (2008) Irrigation and Rain-fed Crop
Production System in Ethiopia. Impact of Irrigation on Poverty and Environment
in Ethiopia 27-36.

Ismail SM (2010) Influence of Deficit Irrigation on Water Use Efficiency and Bird
Pepper Production (Capsicum annuum L.). 21: 29-43.

Kalkidan F, Tewodros M (2017) Review on the role of small scale irrigation
agriculture on poverty alleviation in Ethiopia. North Asian International
Research Journal of Multidisciplinary.

Karaer M, Kuscu H, Gultas HT (2020) The effect of different irrigation levels
and mulch application on some quality criteria in table tomatoes (Lycopersicon
esculentum mill.). Applied Ecology and Environmental Research 18: 5437-
5447.

Khan AG, Anwar-ul-Hassan, Igbal M, Ullah E (2015) Assessing the performance
of different irrigation techniques to enhance the water use efficiency and yield of
maize under deficit water supply. Soil and Environment 34: 166-179.

Kifle M, Gebretsadikan TG (2016) Yield and water use efficiency of furrow
irrigated potato under regulated deficit irrigation, Atsibi-Wemberta, North
Ethiopia. Agricultural Water Management 170: 133-139.

Kifle T (2018) Evaluation of Tomato Response to Deficit Irrigation at Humbo
Woreda, Ethiopia. International Journal of Research -GRANTHAALAYAH 6:
57-68.

Mashnik D, Jacobus H, Barghouth A, Jiayu E, Blanchard J, et al. (2017)
Increasing productivity through irrigation : Problems and solutions implemented

Adv Crop Sci Tech, an open access journal

Volume 12 + Issue 4 + 1000689


https://www.google.com/search?q=Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coe+ffi+cient+and+Soil+Properties+in+the.+Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coefficient+and+Soil+Properties+in+the+Sub-Humid+Ethiopian+Highlands&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJm3RnrGYGh1yulVWK7Hli2o6BAlQ%3A1715763652902&ei=xHlEZq3VNoWv4-EPxrKEOA&ved=0ahUKEwitx7LYpY-GAxWF1zgGHUYZAQcQ4dUDCBA&uact=5&oq=ExperimentalFILENAME
https://www.google.com/search?q=Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coe+ffi+cient+and+Soil+Properties+in+the.+Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coefficient+and+Soil+Properties+in+the+Sub-Humid+Ethiopian+Highlands&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJm3RnrGYGh1yulVWK7Hli2o6BAlQ%3A1715763652902&ei=xHlEZq3VNoWv4-EPxrKEOA&ved=0ahUKEwitx7LYpY-GAxWF1zgGHUYZAQcQ4dUDCBA&uact=5&oq=ExperimentalFILENAME
https://www.google.com/search?q=Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coe+ffi+cient+and+Soil+Properties+in+the.+Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coefficient+and+Soil+Properties+in+the+Sub-Humid+Ethiopian+Highlands&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJm3RnrGYGh1yulVWK7Hli2o6BAlQ%3A1715763652902&ei=xHlEZq3VNoWv4-EPxrKEOA&ved=0ahUKEwitx7LYpY-GAxWF1zgGHUYZAQcQ4dUDCBA&uact=5&oq=ExperimentalFILENAME
https://www.google.com/search?q=Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coe+ffi+cient+and+Soil+Properties+in+the.+Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coefficient+and+Soil+Properties+in+the+Sub-Humid+Ethiopian+Highlands&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJm3RnrGYGh1yulVWK7Hli2o6BAlQ%3A1715763652902&ei=xHlEZq3VNoWv4-EPxrKEOA&ved=0ahUKEwitx7LYpY-GAxWF1zgGHUYZAQcQ4dUDCBA&uact=5&oq=ExperimentalFILENAME
https://www.google.com/search?q=Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coe+ffi+cient+and+Soil+Properties+in+the.+Experimental+Evaluation+for+the+Impacts+of+Conservation+Agriculture+with+Drip+Irrigation+on+Crop+Coefficient+and+Soil+Properties+in+the+Sub-Humid+Ethiopian+Highlands&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJm3RnrGYGh1yulVWK7Hli2o6BAlQ%3A1715763652902&ei=xHlEZq3VNoWv4-EPxrKEOA&ved=0ahUKEwitx7LYpY-GAxWF1zgGHUYZAQcQ4dUDCBA&uact=5&oq=ExperimentalFILENAME
https://www.google.com/search?q=Impacts+of+Soil+and+Water+Conservation+Practices+on+Crop+Yield%2C+Run-off%2C+Soil+Loss+and+Nutrient+Loss+in+Ethiopia%3A+Review+and+Synthesis.&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILdV0IqjFKSx3w93kGCpFS1mfqwNA%3A1715763695575&ei=73lEZrLEItSe4-EPirSP8Ak&ved=0ahUKEwjy997spY-GAxVUzzgGHQraA54Q4dUDCBA&uact=5&oq=Impacts+of+Soil+and+Water+Conservation+Practices+on+Crop+Yield%2C+Run-off%2C+Soil+Loss+and+Nutrient+Loss+in+Ethiopia%3A+Review+and+Synthesis.&gs_lp=Egxnd3Mtd2l6LXNlcnAihwFJbXFILENAME
https://www.google.com/search?q=Impacts+of+Soil+and+Water+Conservation+Practices+on+Crop+Yield%2C+Run-off%2C+Soil+Loss+and+Nutrient+Loss+in+Ethiopia%3A+Review+and+Synthesis.&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILdV0IqjFKSx3w93kGCpFS1mfqwNA%3A1715763695575&ei=73lEZrLEItSe4-EPirSP8Ak&ved=0ahUKEwjy997spY-GAxVUzzgGHQraA54Q4dUDCBA&uact=5&oq=Impacts+of+Soil+and+Water+Conservation+Practices+on+Crop+Yield%2C+Run-off%2C+Soil+Loss+and+Nutrient+Loss+in+Ethiopia%3A+Review+and+Synthesis.&gs_lp=Egxnd3Mtd2l6LXNlcnAihwFJbXFILENAME
https://www.google.com/search?q=Impacts+of+Soil+and+Water+Conservation+Practices+on+Crop+Yield%2C+Run-off%2C+Soil+Loss+and+Nutrient+Loss+in+Ethiopia%3A+Review+and+Synthesis.&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILdV0IqjFKSx3w93kGCpFS1mfqwNA%3A1715763695575&ei=73lEZrLEItSe4-EPirSP8Ak&ved=0ahUKEwjy997spY-GAxVUzzgGHQraA54Q4dUDCBA&uact=5&oq=Impacts+of+Soil+and+Water+Conservation+Practices+on+Crop+Yield%2C+Run-off%2C+Soil+Loss+and+Nutrient+Loss+in+Ethiopia%3A+Review+and+Synthesis.&gs_lp=Egxnd3Mtd2l6LXNlcnAihwFJbXFILENAME
https://www.google.com/search?q=The+Role+of+Small+Scale+Irrigation+to+Household+Food+Security+in+Ethiopia%3A+A+Review+Paper&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKx7aXVMhiNbbWfbk3hEgI27AgS0g%3A1715763740537&ei=HHpEZu2bII2R4-EPlOGYyAI&ved=0ahUKEwjtmZeCpo-GAxWNyDgGHZQwBikQ4dUDCBA&uact=5&oq=The+Role+of+Small+Scale+Irrigation+to+Household+Food+Security+in+Ethiopia%3A+A+Review+Paper&gs_lp=Egxnd3Mtd2l6LXNlcnAiWVRoZSBSb2xlIG9mIFNtYWxsIFNjYWxlIElycmlnYXRpb24gdG8gSG91c2Vob2xkIEZvb2QgU2VjdXJpdHkgaW4gRXRoaW9waWE6IEEgUmFILENAME
https://www.google.com/search?q=The+Role+of+Small+Scale+Irrigation+to+Household+Food+Security+in+Ethiopia%3A+A+Review+Paper&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKx7aXVMhiNbbWfbk3hEgI27AgS0g%3A1715763740537&ei=HHpEZu2bII2R4-EPlOGYyAI&ved=0ahUKEwjtmZeCpo-GAxWNyDgGHZQwBikQ4dUDCBA&uact=5&oq=The+Role+of+Small+Scale+Irrigation+to+Household+Food+Security+in+Ethiopia%3A+A+Review+Paper&gs_lp=Egxnd3Mtd2l6LXNlcnAiWVRoZSBSb2xlIG9mIFNtYWxsIFNjYWxlIElycmlnYXRpb24gdG8gSG91c2Vob2xkIEZvb2QgU2VjdXJpdHkgaW4gRXRoaW9waWE6IEEgUmFILENAME
https://www.google.com/search?q=Uncorrected+Proof+areas+Uncorrected+Proof+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILv1vz31BDhh0reIAln1gzf3ztlFg%3A1715763807998&ei=X3pEZuG3PPXAjuMP-c-QkA4&ved=0ahUKEwih46yipo-GAxV1oGMGHfknBOIQ4dUDCBA&uact=5&oq=Uncorrected+Proof+areas+Uncorrected+Proof+&gs_lp=Egxnd3Mtd2l6LXNlcnAiKlVuY29ycmVjdGVkIFByb29mIGFyZWFzIFVuY29ycmVjdGVkIFByb29mIDIFECEYoAEyBRAhGKABMgUQIRigAUi5BVAAWABwAHgAkAEAmAGJA6ABiQOqAQMzLTG4AQPIAQD4AQL4AQGYAgGgAo0DmAMAkgcDMy0xoAfzAw&sclient=gws-wiz-serp
https://www.google.com/search?q=Soil+Bulk+Density+Estimation+Methods%3A+A+Review&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII_LX-YNrdUKEsoI6CFVU3P0SaRgA%3A1715763850518&ei=inpEZqKdH-Pu4-EPm8Oa-A4&ved=0ahUKEwiiitC2po-GAxVj9zgGHZuhBu8Q4dUDCBA&uact=5&oq=Soil+Bulk+Density+Estimation+Methods%3A+A+Review&gs_lp=Egxnd3Mtd2l6LXNlcnAiLlNvaWwgQnVsayBEZW5zaXR5IEVzdGltYXRpb24gTWV0aG9kczogQSBSZXZpZXcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEdIFILENAME
https://www.google.com/search?q=EVALUATION+OF+DEFICIT+IRRIGATION+AND+MULCHING+ON+WATER+PRODUCTIVITY+OF+TOMATO+%28Lycopersicon+esculentum+Mill%29+UNDER+DRIP+IRRIGATION+SYSTEM+AT+KALLU+WOREDA%2C+SOUTH+WOLLO%2C+ETHIOPIA+MSc&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII4elYNrnIaWZs4NbogubfWIocGoA%3A1715763890255&ei=snpEZqOHD7eU4-EPjtO10Aw&ved=0ahUKEwijqMnJpo-GAxU3yjgGHY5pDcoQ4dUDCBA&uact=5&oq=EVALUATION+OF+DEFICIT+IRRIGATION+AND+MULCHING+ON+WATER+PRODUCTIVITY+OF+TOMATO+%28Lycopersicon+esculentum+Mill%29+UNDER+DRIP+IRRFILENAME
https://www.google.com/search?q=EVALUATION+OF+DEFICIT+IRRIGATION+AND+MULCHING+ON+WATER+PRODUCTIVITY+OF+TOMATO+%28Lycopersicon+esculentum+Mill%29+UNDER+DRIP+IRRIGATION+SYSTEM+AT+KALLU+WOREDA%2C+SOUTH+WOLLO%2C+ETHIOPIA+MSc&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII4elYNrnIaWZs4NbogubfWIocGoA%3A1715763890255&ei=snpEZqOHD7eU4-EPjtO10Aw&ved=0ahUKEwijqMnJpo-GAxU3yjgGHY5pDcoQ4dUDCBA&uact=5&oq=EVALUATION+OF+DEFICIT+IRRIGATION+AND+MULCHING+ON+WATER+PRODUCTIVITY+OF+TOMATO+%28Lycopersicon+esculentum+Mill%29+UNDER+DRIP+IRRFILENAME
https://www.google.com/search?q=EVALUATION+OF+DEFICIT+IRRIGATION+AND+MULCHING+ON+WATER+PRODUCTIVITY+OF+TOMATO+%28Lycopersicon+esculentum+Mill%29+UNDER+DRIP+IRRIGATION+SYSTEM+AT+KALLU+WOREDA%2C+SOUTH+WOLLO%2C+ETHIOPIA+MSc&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII4elYNrnIaWZs4NbogubfWIocGoA%3A1715763890255&ei=snpEZqOHD7eU4-EPjtO10Aw&ved=0ahUKEwijqMnJpo-GAxU3yjgGHY5pDcoQ4dUDCBA&uact=5&oq=EVALUATION+OF+DEFICIT+IRRIGATION+AND+MULCHING+ON+WATER+PRODUCTIVITY+OF+TOMATO+%28Lycopersicon+esculentum+Mill%29+UNDER+DRIP+IRRFILENAME
https://www.google.com/search?q=EVALUATION+OF+DEFICIT+IRRIGATION+AND+MULCHING+ON+WATER+PRODUCTIVITY+OF+TOMATO+%28Lycopersicon+esculentum+Mill%29+UNDER+DRIP+IRRIGATION+SYSTEM+AT+KALLU+WOREDA%2C+SOUTH+WOLLO%2C+ETHIOPIA+MSc&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII4elYNrnIaWZs4NbogubfWIocGoA%3A1715763890255&ei=snpEZqOHD7eU4-EPjtO10Aw&ved=0ahUKEwijqMnJpo-GAxU3yjgGHY5pDcoQ4dUDCBA&uact=5&oq=EVALUATION+OF+DEFICIT+IRRIGATION+AND+MULCHING+ON+WATER+PRODUCTIVITY+OF+TOMATO+%28Lycopersicon+esculentum+Mill%29+UNDER+DRIP+IRRFILENAME
https://www.google.com/search?q=Response+of+rain-fed+lowland+rice+varieties+to+different+sources+of+N+fertilizer+in+Fogera+Plain%2C+Northwest+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJyrNpM1_CJQG_6suUO4nO68LIuhw%3A1715763951944&ei=73pEZpOeOYLx4-EPwIiygAY&ved=0ahUKEwjT0f7mpo-GAxWC-DgGHUCEDGAQ4dUDCBA&uact=5&oq=Response+of+rain-fed+lowland+rice+varieties+to+different+sources+of+N+fertilizer+in+Fogera+Plain%2C+Northwest+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAidFJlc3BvbnNlIG9mIHJhaW4tZmVkIGxvd2xhbmQgcmljZSB2YXJpFILENAME
https://www.google.com/search?q=Response+of+rain-fed+lowland+rice+varieties+to+different+sources+of+N+fertilizer+in+Fogera+Plain%2C+Northwest+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJyrNpM1_CJQG_6suUO4nO68LIuhw%3A1715763951944&ei=73pEZpOeOYLx4-EPwIiygAY&ved=0ahUKEwjT0f7mpo-GAxWC-DgGHUCEDGAQ4dUDCBA&uact=5&oq=Response+of+rain-fed+lowland+rice+varieties+to+different+sources+of+N+fertilizer+in+Fogera+Plain%2C+Northwest+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAidFJlc3BvbnNlIG9mIHJhaW4tZmVkIGxvd2xhbmQgcmljZSB2YXJpFILENAME
https://www.google.com/search?q=Response+of+rain-fed+lowland+rice+varieties+to+different+sources+of+N+fertilizer+in+Fogera+Plain%2C+Northwest+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJyrNpM1_CJQG_6suUO4nO68LIuhw%3A1715763951944&ei=73pEZpOeOYLx4-EPwIiygAY&ved=0ahUKEwjT0f7mpo-GAxWC-DgGHUCEDGAQ4dUDCBA&uact=5&oq=Response+of+rain-fed+lowland+rice+varieties+to+different+sources+of+N+fertilizer+in+Fogera+Plain%2C+Northwest+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAidFJlc3BvbnNlIG9mIHJhaW4tZmVkIGxvd2xhbmQgcmljZSB2YXJpFILENAME
https://www.google.com/search?q=Effect+of+Mulching+on+Some+Characteristics+of+Tomato+%28Lycopersicon+esculentum+Mill.%29+under+Deficit+Irrigation+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII3xV_C87opaIOPEo7BetTTwvUgnQ%3A1715763997566&ei=HXtEZvSNIp-P4-EPsqiGoAU&ved=0ahUKEwi0kN_8po-GAxWfxzgGHTKUAVQQ4dUDCBA&uact=5&oq=Effect+of+Mulching+on+Some+Characteristics+of+Tomato+%28Lycopersicon+esculentum+Mill.%29+under+Deficit+Irrigation+&gs_lp=Egxnd3Mtd2l6LXNlcnAibkVmZmVjdCBvZiBNdWxjaGluZyBvbiBTb21lIENoYXJhY3RlcmlzdGljcyBvFILENAME
https://www.google.com/search?q=Effect+of+Mulching+on+Some+Characteristics+of+Tomato+%28Lycopersicon+esculentum+Mill.%29+under+Deficit+Irrigation+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII3xV_C87opaIOPEo7BetTTwvUgnQ%3A1715763997566&ei=HXtEZvSNIp-P4-EPsqiGoAU&ved=0ahUKEwi0kN_8po-GAxWfxzgGHTKUAVQQ4dUDCBA&uact=5&oq=Effect+of+Mulching+on+Some+Characteristics+of+Tomato+%28Lycopersicon+esculentum+Mill.%29+under+Deficit+Irrigation+&gs_lp=Egxnd3Mtd2l6LXNlcnAibkVmZmVjdCBvZiBNdWxjaGluZyBvbiBTb21lIENoYXJhY3RlcmlzdGljcyBvFILENAME
https://www.google.com/search?q=Effect+of+Mulching+on+Some+Characteristics+of+Tomato+%28Lycopersicon+esculentum+Mill.%29+under+Deficit+Irrigation+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII3xV_C87opaIOPEo7BetTTwvUgnQ%3A1715763997566&ei=HXtEZvSNIp-P4-EPsqiGoAU&ved=0ahUKEwi0kN_8po-GAxWfxzgGHTKUAVQQ4dUDCBA&uact=5&oq=Effect+of+Mulching+on+Some+Characteristics+of+Tomato+%28Lycopersicon+esculentum+Mill.%29+under+Deficit+Irrigation+&gs_lp=Egxnd3Mtd2l6LXNlcnAibkVmZmVjdCBvZiBNdWxjaGluZyBvbiBTb21lIENoYXJhY3RlcmlzdGljcyBvFILENAME
https://www.google.com/search?q=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+Sub-Saharan+Africa%E2%80%AF%3A+the+case+of+Ethiopia+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKf1TItOwAjs5uf9HQsgoSIoAkjOQ%3A1715764156897&ei=vHtEZoa4Ns_14-EPhLCrwA0&ved=0ahUKEwiGhtzIp4-GAxXP-jgGHQTYCtgQ4dUDCBA&uact=5&oq=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+Sub-Saharan+Africa%E2%80%AF%3A+the+case+of+Ethiopia+&gs_lp=Egxnd3Mtd2l6LXNlcnAie0RlZmljaXQgaXJyaWdhdGlvbiFILENAME
https://www.google.com/search?q=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+Sub-Saharan+Africa%E2%80%AF%3A+the+case+of+Ethiopia+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKf1TItOwAjs5uf9HQsgoSIoAkjOQ%3A1715764156897&ei=vHtEZoa4Ns_14-EPhLCrwA0&ved=0ahUKEwiGhtzIp4-GAxXP-jgGHQTYCtgQ4dUDCBA&uact=5&oq=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+Sub-Saharan+Africa%E2%80%AF%3A+the+case+of+Ethiopia+&gs_lp=Egxnd3Mtd2l6LXNlcnAie0RlZmljaXQgaXJyaWdhdGlvbiFILENAME
https://www.google.com/search?q=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+Sub-Saharan+Africa%E2%80%AF%3A+the+case+of+Ethiopia+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKf1TItOwAjs5uf9HQsgoSIoAkjOQ%3A1715764156897&ei=vHtEZoa4Ns_14-EPhLCrwA0&ved=0ahUKEwiGhtzIp4-GAxXP-jgGHQTYCtgQ4dUDCBA&uact=5&oq=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+Sub-Saharan+Africa%E2%80%AF%3A+the+case+of+Ethiopia+&gs_lp=Egxnd3Mtd2l6LXNlcnAie0RlZmljaXQgaXJyaWdhdGlvbiFILENAME
https://www.google.com/search?q=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+sub-Saharan+Africa%3A+The+case+of+Ethiopia+a+critical+review&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJy7glLKWb7LRpE6z7JAZ4WZuWwtw%3A1715764203520&ei=63tEZvugH5-JjuMPqpW5iAQ&ved=0ahUKEwi7wvnep4-GAxWfhGMGHapKDkEQ4dUDCBA&uact=5&oq=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+sub-Saharan+Africa%3A+The+case+of+Ethiopia+a+critical+review&gs_lp=Egxnd3Mtd2l6LXNlcnAiiQFEZWZpY2FILENAME
https://www.google.com/search?q=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+sub-Saharan+Africa%3A+The+case+of+Ethiopia+a+critical+review&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJy7glLKWb7LRpE6z7JAZ4WZuWwtw%3A1715764203520&ei=63tEZvugH5-JjuMPqpW5iAQ&ved=0ahUKEwi7wvnep4-GAxWfhGMGHapKDkEQ4dUDCBA&uact=5&oq=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+sub-Saharan+Africa%3A+The+case+of+Ethiopia+a+critical+review&gs_lp=Egxnd3Mtd2l6LXNlcnAiiQFEZWZpY2FILENAME
https://www.google.com/search?q=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+sub-Saharan+Africa%3A+The+case+of+Ethiopia+a+critical+review&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJy7glLKWb7LRpE6z7JAZ4WZuWwtw%3A1715764203520&ei=63tEZvugH5-JjuMPqpW5iAQ&ved=0ahUKEwi7wvnep4-GAxWfhGMGHapKDkEQ4dUDCBA&uact=5&oq=Deficit+irrigation+as+a+sustainable+option+for+improving+water+productivity+in+sub-Saharan+Africa%3A+The+case+of+Ethiopia+a+critical+review&gs_lp=Egxnd3Mtd2l6LXNlcnAiiQFEZWZpY2FILENAME
https://www.google.com/search?q=Impact+of+small-scale+irrigation+schemes+on+farmers+livelihood%2C+the+case+of+Mekdela+Woreda%2C+North-East+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJ5ORnNGKSHrwQIf8IxxCkfpGQRog%3A1715764243451&ei=E3xEZqT4Gv2V4-EPseCbmAg&ved=0ahUKEwjkzf7xp4-GAxX9yjgGHTHwBoMQ4dUDCBA&uact=5&oq=Impact+of+small-scale+irrigation+schemes+on+farmers+livelihood%2C+the+case+of+Mekdela+Woreda%2C+North-East+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAib0ltcGFjdCBvZiBzbWFsbC1zY2FsZSBpcnJpZ2F0aW9uIHNjaGVtZXMgb2FILENAME
https://www.google.com/search?q=Impact+of+small-scale+irrigation+schemes+on+farmers+livelihood%2C+the+case+of+Mekdela+Woreda%2C+North-East+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJ5ORnNGKSHrwQIf8IxxCkfpGQRog%3A1715764243451&ei=E3xEZqT4Gv2V4-EPseCbmAg&ved=0ahUKEwjkzf7xp4-GAxX9yjgGHTHwBoMQ4dUDCBA&uact=5&oq=Impact+of+small-scale+irrigation+schemes+on+farmers+livelihood%2C+the+case+of+Mekdela+Woreda%2C+North-East+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAib0ltcGFjdCBvZiBzbWFsbC1zY2FsZSBpcnJpZ2F0aW9uIHNjaGVtZXMgb2FILENAME
https://www.google.com/search?q=Impact+of+small-scale+irrigation+schemes+on+farmers+livelihood%2C+the+case+of+Mekdela+Woreda%2C+North-East+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJ5ORnNGKSHrwQIf8IxxCkfpGQRog%3A1715764243451&ei=E3xEZqT4Gv2V4-EPseCbmAg&ved=0ahUKEwjkzf7xp4-GAxX9yjgGHTHwBoMQ4dUDCBA&uact=5&oq=Impact+of+small-scale+irrigation+schemes+on+farmers+livelihood%2C+the+case+of+Mekdela+Woreda%2C+North-East+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAib0ltcGFjdCBvZiBzbWFsbC1zY2FsZSBpcnJpZ2F0aW9uIHNjaGVtZXMgb2FILENAME
https://www.google.com/search?q=Effects+of+Deficit+Irrigation+and+Mulch+Practices+on+Yield+and+Yield+Response+Factors+of+Tomato+%28+Lycopersicon+esculentum+%29+at+Kano+River+Irrigation+Project+%28+KRIP+%29%2C+Kano-Nigeria.+BAYERO+JOURNAL+OF+ENGINEERING+AND+TECHNOLOGY+%28BJET%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJEh56j9LWYmmqgqEB-gp8u4gVxfQ%3A1715764278007&ei=NXxEZub-PMfG4-EPxvOC4AE&ved=0ahUKEwim7buCqI-GAxVH4zgGHca5ABwQ4dUDCBA&uact=5&oq=Effects+of+Deficit+Irrigation+and+Mulch+Practices+on+Yield+and+Yield+FILENAME
https://www.google.com/search?q=Effects+of+Deficit+Irrigation+and+Mulch+Practices+on+Yield+and+Yield+Response+Factors+of+Tomato+%28+Lycopersicon+esculentum+%29+at+Kano+River+Irrigation+Project+%28+KRIP+%29%2C+Kano-Nigeria.+BAYERO+JOURNAL+OF+ENGINEERING+AND+TECHNOLOGY+%28BJET%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJEh56j9LWYmmqgqEB-gp8u4gVxfQ%3A1715764278007&ei=NXxEZub-PMfG4-EPxvOC4AE&ved=0ahUKEwim7buCqI-GAxVH4zgGHca5ABwQ4dUDCBA&uact=5&oq=Effects+of+Deficit+Irrigation+and+Mulch+Practices+on+Yield+and+Yield+FILENAME
https://www.google.com/search?q=Effects+of+Deficit+Irrigation+and+Mulch+Practices+on+Yield+and+Yield+Response+Factors+of+Tomato+%28+Lycopersicon+esculentum+%29+at+Kano+River+Irrigation+Project+%28+KRIP+%29%2C+Kano-Nigeria.+BAYERO+JOURNAL+OF+ENGINEERING+AND+TECHNOLOGY+%28BJET%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJEh56j9LWYmmqgqEB-gp8u4gVxfQ%3A1715764278007&ei=NXxEZub-PMfG4-EPxvOC4AE&ved=0ahUKEwim7buCqI-GAxVH4zgGHca5ABwQ4dUDCBA&uact=5&oq=Effects+of+Deficit+Irrigation+and+Mulch+Practices+on+Yield+and+Yield+FILENAME
https://www.google.com/search?q=Effects+of+Deficit+Irrigation+and+Mulch+Practices+on+Yield+and+Yield+Response+Factors+of+Tomato+%28+Lycopersicon+esculentum+%29+at+Kano+River+Irrigation+Project+%28+KRIP+%29%2C+Kano-Nigeria.+BAYERO+JOURNAL+OF+ENGINEERING+AND+TECHNOLOGY+%28BJET%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJEh56j9LWYmmqgqEB-gp8u4gVxfQ%3A1715764278007&ei=NXxEZub-PMfG4-EPxvOC4AE&ved=0ahUKEwim7buCqI-GAxVH4zgGHca5ABwQ4dUDCBA&uact=5&oq=Effects+of+Deficit+Irrigation+and+Mulch+Practices+on+Yield+and+Yield+FILENAME
https://www.google.com/search?q=Response+of+Tomato+to+Deficit+Irrigation+at+Ambo+Ethiopia+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJAeVBm7MYLpDocRkO4utiIQ345-A%3A1715764341974&ei=dXxEZtqAO-zg4-EP76WwiAE&ved=0ahUKEwiaj_ygqI-GAxVs8DgGHe8SDBEQ4dUDCBA&uact=5&oq=Response+of+Tomato+to+Deficit+Irrigation+at+Ambo+Ethiopia+&gs_lp=Egxnd3Mtd2l6LXNlcnAiOlJlc3BvbnNlIG9mIFRvbWF0byB0byBEZWZpY2l0IElycmlnYXRpb24gYXQgQW1ibyBFdGhpb3BpYSBIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclient=gws-wiz-serp
https://www.google.com/search?q=Conservation+agriculture+saves+irrigation+water+in+the+dry+monsoon+phase+in+the+Ethiopian+highlands&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIrZ61wn6e0GrI_2E10BN39C4YIJA%3A1715764376544&ei=mHxEZu3iIPnCjuMPy4qBqAU&ved=0ahUKEwjtjrqxqI-GAxV5oWMGHUtFAFUQ4dUDCBA&uact=5&oq=Conservation+agriculture+saves+irrigation+water+in+the+dry+monsoon+phase+in+the+Ethiopian+highlands&gs_lp=Egxnd3Mtd2l6LXNlcnAiY0NvbnNlcnZhdGlvbiBhZ3JpY3VsdHVyZSBzYXZlcyBpcnJpZ2F0aW9uIHdhdGVyIGluIHRoZSBkcnkgbW9uc29vbiFILENAME
https://www.google.com/search?q=Conservation+agriculture+saves+irrigation+water+in+the+dry+monsoon+phase+in+the+Ethiopian+highlands&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIrZ61wn6e0GrI_2E10BN39C4YIJA%3A1715764376544&ei=mHxEZu3iIPnCjuMPy4qBqAU&ved=0ahUKEwjtjrqxqI-GAxV5oWMGHUtFAFUQ4dUDCBA&uact=5&oq=Conservation+agriculture+saves+irrigation+water+in+the+dry+monsoon+phase+in+the+Ethiopian+highlands&gs_lp=Egxnd3Mtd2l6LXNlcnAiY0NvbnNlcnZhdGlvbiBhZ3JpY3VsdHVyZSBzYXZlcyBpcnJpZ2F0aW9uIHdhdGVyIGluIHRoZSBkcnkgbW9uc29vbiFILENAME
https://www.google.com/search?q=Effect+of+mulching+and+amount+of+water+on+the+yield+of+tomato+under+drip+irrigation&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKm-Ul5luc92-8ftV0rNs1bBUrK3Q%3A1715764431801&ei=z3xEZtmpMIru4-EPtbCFsAs&ved=0ahUKEwiZzebLqI-GAxUK9zgGHTVYAbYQ4dUDCBA&uact=5&oq=Effect+of+mulching+and+amount+of+water+on+the+yield+of+tomato+under+drip+irrigation&gs_lp=Egxnd3Mtd2l6LXNlcnAiU0VmZmVjdCBvZiBtdWxjaGluZyBhbmQgYW1vdW50IG9mIHdhdGVyIG9uIHRoZSB5aWVsZCBvZiB0b21hdG8gdW5kZXIgZHJpcCBpcnJpZ2F0aW9uSABQAFgAcAFILENAME
https://www.google.com/search?q=Effect+of+mulching+and+amount+of+water+on+the+yield+of+tomato+under+drip+irrigation&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKm-Ul5luc92-8ftV0rNs1bBUrK3Q%3A1715764431801&ei=z3xEZtmpMIru4-EPtbCFsAs&ved=0ahUKEwiZzebLqI-GAxUK9zgGHTVYAbYQ4dUDCBA&uact=5&oq=Effect+of+mulching+and+amount+of+water+on+the+yield+of+tomato+under+drip+irrigation&gs_lp=Egxnd3Mtd2l6LXNlcnAiU0VmZmVjdCBvZiBtdWxjaGluZyBhbmQgYW1vdW50IG9mIHdhdGVyIG9uIHRoZSB5aWVsZCBvZiB0b21hdG8gdW5kZXIgZHJpcCBpcnJpZ2F0aW9uSABQAFgAcAFILENAME
https://www.google.com/search?q=Effect+of+drip+irrigation+and+mulching+on+yield%2C+water-use+efficiency+and+economics+of+tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKa_R4ZbK1AJ1Dk6bjUccEOqMz-ew%3A1715764488561&ei=CH1EZpHyIZiz4-EP7pyDiAs&ved=0ahUKEwiRlu_mqI-GAxWY2TgGHW7OALEQ4dUDCBA&uact=5&oq=Effect+of+drip+irrigation+and+mulching+on+yield%2C+water-use+efficiency+and+economics+of+tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAiXUVmZmVjdCBvZiBkcmlwIGlycmlnYXRpb24gYW5kIG11bGNoaW5nIG9uIHlpZWxkLCB3YXRlci11c2UgZWZmaWNpZW5jeSBhbmFILENAME
https://www.google.com/search?q=Effect+of+drip+irrigation+and+mulching+on+yield%2C+water-use+efficiency+and+economics+of+tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKa_R4ZbK1AJ1Dk6bjUccEOqMz-ew%3A1715764488561&ei=CH1EZpHyIZiz4-EP7pyDiAs&ved=0ahUKEwiRlu_mqI-GAxWY2TgGHW7OALEQ4dUDCBA&uact=5&oq=Effect+of+drip+irrigation+and+mulching+on+yield%2C+water-use+efficiency+and+economics+of+tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAiXUVmZmVjdCBvZiBkcmlwIGlycmlnYXRpb24gYW5kIG11bGNoaW5nIG9uIHlpZWxkLCB3YXRlci11c2UgZWZmaWNpZW5jeSBhbmFILENAME
https://www.google.com/search?q=Regulated+deficit+irrigation+for+crop+production+under+drought+stress.+A+review&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIahduoqevqErWyTQOQzBZc2aMDeQ%3A1715764522277&ei=Kn1EZsyzELPy4-EPi82PoAM&ved=0ahUKEwjM8Pj2qI-GAxUz-TgGHYvmAzQQ4dUDCBA&uact=5&oq=Regulated+deficit+irrigation+for+crop+production+under+drought+stress.+A+review&gs_lp=Egxnd3Mtd2l6LXNlcnAiT1JlZ3VsYXRlZCBkZWZpY2l0IGlycmlnYXRpb24gZm9yIGNyb3AgcHJvZHVjdGlvbiB1bmRlciBkcm91Z2h0IHN0cmVzcy4gQSByZXZpZXdIAFAAWABwAHgAkAEAmAEAoAFILENAME
https://www.google.com/search?q=Regulated+deficit+irrigation+for+crop+production+under+drought+stress.+A+review&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIahduoqevqErWyTQOQzBZc2aMDeQ%3A1715764522277&ei=Kn1EZsyzELPy4-EPi82PoAM&ved=0ahUKEwjM8Pj2qI-GAxUz-TgGHYvmAzQQ4dUDCBA&uact=5&oq=Regulated+deficit+irrigation+for+crop+production+under+drought+stress.+A+review&gs_lp=Egxnd3Mtd2l6LXNlcnAiT1JlZ3VsYXRlZCBkZWZpY2l0IGlycmlnYXRpb24gZm9yIGNyb3AgcHJvZHVjdGlvbiB1bmRlciBkcm91Z2h0IHN0cmVzcy4gQSByZXZpZXdIAFAAWABwAHgAkAEAmAEAoAFILENAME
https://www.google.com/search?q=Growth+and+Bulb+Yield+of+Onion+%28Allium+cepa+L.%29+in+Response+to+Plant+Density+and+Variety+in+Jimma%2C+South+Western+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIK_zaVyiSSpYeY7tp5TVLoiiVklOg%3A1715764562309&ei=Un1EZo3FEqWE4-EPpLuhoA4&ved=0ahUKEwiNtoSKqY-GAxUlwjgGHaRdCOQQ4dUDCBA&uact=5&oq=Growth+and+Bulb+Yield+of+Onion+%28Allium+cepa+L.%29+in+Response+to+Plant+Density+and+Variety+in+Jimma%2C+South+Western+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAieUdyb3d0aCBhbmQgQnVsYiBZaWVsZCBvZiFILENAME
https://www.google.com/search?q=Growth+and+Bulb+Yield+of+Onion+%28Allium+cepa+L.%29+in+Response+to+Plant+Density+and+Variety+in+Jimma%2C+South+Western+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIK_zaVyiSSpYeY7tp5TVLoiiVklOg%3A1715764562309&ei=Un1EZo3FEqWE4-EPpLuhoA4&ved=0ahUKEwiNtoSKqY-GAxUlwjgGHaRdCOQQ4dUDCBA&uact=5&oq=Growth+and+Bulb+Yield+of+Onion+%28Allium+cepa+L.%29+in+Response+to+Plant+Density+and+Variety+in+Jimma%2C+South+Western+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAieUdyb3d0aCBhbmQgQnVsYiBZaWVsZCBvZiFILENAME
https://www.google.com/search?q=Effect+of+deficit+irrigation+at+different+growth+stages+on+onion+%28+Allium+Cepa+L.%29+production+and+water+productivity+at+Melkassa+%2C+Central+Rift+Valley+of+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIcrnT9H17w3F5FpwnfNuXKVuaKNw%3A1715764610446&ei=gn1EZsHCGtq-juMPv6WBqAg&ved=0ahUKEwjBi_6gqY-GAxVan2MGHb9SAIUQ4dUDCBA&uact=5&oq=Effect+of+deficit+irrigation+at+different+growth+stages+on+onion+%28+Allium+Cepa+L.%29+production+and+water+productivity+at+Melkassa+%2C+Central+RiFILENAME
https://www.google.com/search?q=Effect+of+deficit+irrigation+at+different+growth+stages+on+onion+%28+Allium+Cepa+L.%29+production+and+water+productivity+at+Melkassa+%2C+Central+Rift+Valley+of+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIcrnT9H17w3F5FpwnfNuXKVuaKNw%3A1715764610446&ei=gn1EZsHCGtq-juMPv6WBqAg&ved=0ahUKEwjBi_6gqY-GAxVan2MGHb9SAIUQ4dUDCBA&uact=5&oq=Effect+of+deficit+irrigation+at+different+growth+stages+on+onion+%28+Allium+Cepa+L.%29+production+and+water+productivity+at+Melkassa+%2C+Central+RiFILENAME
https://www.google.com/search?q=Effect+of+deficit+irrigation+at+different+growth+stages+on+onion+%28+Allium+Cepa+L.%29+production+and+water+productivity+at+Melkassa+%2C+Central+Rift+Valley+of+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIcrnT9H17w3F5FpwnfNuXKVuaKNw%3A1715764610446&ei=gn1EZsHCGtq-juMPv6WBqAg&ved=0ahUKEwjBi_6gqY-GAxVan2MGHb9SAIUQ4dUDCBA&uact=5&oq=Effect+of+deficit+irrigation+at+different+growth+stages+on+onion+%28+Allium+Cepa+L.%29+production+and+water+productivity+at+Melkassa+%2C+Central+RiFILENAME
https://www.google.com/search?q=Improving+soil+quality+and+upland+rice+yield+in+northern+Benin+with+no-tillage%2C+rice+straw+mulch+and+nitrogen+fertilization+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJK15cUgYxD1UvfQ27inM3WrkZcVg%3A1715764651818&ei=q31EZojJMYq84-EP1oOOoAw&ved=0ahUKEwjIytu0qY-GAxUK3jgGHdaBA8QQ4dUDCBA&uact=5&oq=Improving+soil+quality+and+upland+rice+yield+in+northern+Benin+with+no-tillage%2C+rice+straw+mulch+and+nitrogen+fertilization+&gs_lp=Egxnd3Mtd2l6LXNlcnAifEltcHJvdmluZyBzb2lsIHF1YWxpdHkgYW5kFILENAME
https://www.google.com/search?q=Improving+soil+quality+and+upland+rice+yield+in+northern+Benin+with+no-tillage%2C+rice+straw+mulch+and+nitrogen+fertilization+&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJK15cUgYxD1UvfQ27inM3WrkZcVg%3A1715764651818&ei=q31EZojJMYq84-EP1oOOoAw&ved=0ahUKEwjIytu0qY-GAxUK3jgGHdaBA8QQ4dUDCBA&uact=5&oq=Improving+soil+quality+and+upland+rice+yield+in+northern+Benin+with+no-tillage%2C+rice+straw+mulch+and+nitrogen+fertilization+&gs_lp=Egxnd3Mtd2l6LXNlcnAifEltcHJvdmluZyBzb2lsIHF1YWxpdHkgYW5kFILENAME
https://www.google.com/search?q=Integrated+soil%2C+water+and+agronomic+management+effects+on+crop+productivity+and+selected+soil+properties+in+Western+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKF1TnehB9J7rbsyyuVm8EgoSKqdA%3A1715760903460&ei=B29EZoDHG-Dd4-EP9amCyAM&ved=0ahUKEwjA5q25m4-GAxXg7jgGHfWUADkQ4dUDCBA&uact=5&oq=Integrated+soil%2C+water+and+agronomic+management+effects+on+crop+productivity+and+selected+soil+properties+in+Western+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAifUludGVncmF0ZWQgc29pbCwgd2F0ZXIgYWFILENAME
https://www.google.com/search?q=Integrated+soil%2C+water+and+agronomic+management+effects+on+crop+productivity+and+selected+soil+properties+in+Western+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKF1TnehB9J7rbsyyuVm8EgoSKqdA%3A1715760903460&ei=B29EZoDHG-Dd4-EP9amCyAM&ved=0ahUKEwjA5q25m4-GAxXg7jgGHfWUADkQ4dUDCBA&uact=5&oq=Integrated+soil%2C+water+and+agronomic+management+effects+on+crop+productivity+and+selected+soil+properties+in+Western+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAifUludGVncmF0ZWQgc29pbCwgd2F0ZXIgYWFILENAME
https://www.google.com/search?q=Integrated+soil%2C+water+and+agronomic+management+effects+on+crop+productivity+and+selected+soil+properties+in+Western+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKF1TnehB9J7rbsyyuVm8EgoSKqdA%3A1715760903460&ei=B29EZoDHG-Dd4-EP9amCyAM&ved=0ahUKEwjA5q25m4-GAxXg7jgGHfWUADkQ4dUDCBA&uact=5&oq=Integrated+soil%2C+water+and+agronomic+management+effects+on+crop+productivity+and+selected+soil+properties+in+Western+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAifUludGVncmF0ZWQgc29pbCwgd2F0ZXIgYWFILENAME
https://www.google.com/search?q=Effects+of+Small+Scale+Irrigation+on+Household+Income+and+Its+Implication+for&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKhCHQTGQ02n2DqS3u2Q3Kc8sAKHg%3A1715760847996&ei=z25EZtWrPNb0juMP55KEgAE&ved=0ahUKEwiVz_Sem4-GAxVWumMGHWcJARAQ4dUDCBA&uact=5&oq=Effects+of+Small+Scale+Irrigation+on+Household+Income+and+Its+Implication+for&gs_lp=Egxnd3Mtd2l6LXNlcnAiTUVmZmVjdHMgb2YgU21hbGwgU2NhbGUgSXJyaWdhdGlvbiBvbiBIb3VzZWhvbGQgSW5jb21lIGFuZCBJdHMgSW1wbGljYXRpb24gZm9ySABQAFgAcAB4AJABAJgBAKABAKoBALFILENAME
https://www.google.com/search?q=Effects+of+Small+Scale+Irrigation+on+Household+Income+and+Its+Implication+for&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKhCHQTGQ02n2DqS3u2Q3Kc8sAKHg%3A1715760847996&ei=z25EZtWrPNb0juMP55KEgAE&ved=0ahUKEwiVz_Sem4-GAxVWumMGHWcJARAQ4dUDCBA&uact=5&oq=Effects+of+Small+Scale+Irrigation+on+Household+Income+and+Its+Implication+for&gs_lp=Egxnd3Mtd2l6LXNlcnAiTUVmZmVjdHMgb2YgU21hbGwgU2NhbGUgSXJyaWdhdGlvbiBvbiBIb3VzZWhvbGQgSW5jb21lIGFuZCBJdHMgSW1wbGljYXRpb24gZm9ySABQAFgAcAB4AJABAJgBAKABAKoBALFILENAME
https://www.google.com/search?q=Comparison+between+traditional+and+scientific+irrigation+scheduling+practices+for+furrow+irrigated+potatoes+%28Solanum+tuberosum+L.%29+in+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII4m_GQZwMkhQ--Kp5O1dcwzs0Wzw%3A1715760803430&ei=o25EZqDbGau64-EP-e---AU&ved=0ahUKEwjguNSJm4-GAxUr3TgGHfm3D18Q4dUDCBA&uact=5&oq=Comparison+between+traditional+and+scientific+irrigation+scheduling+practices+for+furrow+irrigated+potatoes+%28Solanum+tuberosum+L.%29+in+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlFILENAME
https://www.google.com/search?q=Comparison+between+traditional+and+scientific+irrigation+scheduling+practices+for+furrow+irrigated+potatoes+%28Solanum+tuberosum+L.%29+in+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII4m_GQZwMkhQ--Kp5O1dcwzs0Wzw%3A1715760803430&ei=o25EZqDbGau64-EP-e---AU&ved=0ahUKEwjguNSJm4-GAxUr3TgGHfm3D18Q4dUDCBA&uact=5&oq=Comparison+between+traditional+and+scientific+irrigation+scheduling+practices+for+furrow+irrigated+potatoes+%28Solanum+tuberosum+L.%29+in+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlFILENAME
https://www.google.com/search?q=Comparison+between+traditional+and+scientific+irrigation+scheduling+practices+for+furrow+irrigated+potatoes+%28Solanum+tuberosum+L.%29+in+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWII4m_GQZwMkhQ--Kp5O1dcwzs0Wzw%3A1715760803430&ei=o25EZqDbGau64-EP-e---AU&ved=0ahUKEwjguNSJm4-GAxUr3TgGHfm3D18Q4dUDCBA&uact=5&oq=Comparison+between+traditional+and+scientific+irrigation+scheduling+practices+for+furrow+irrigated+potatoes+%28Solanum+tuberosum+L.%29+in+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlFILENAME
https://www.google.com/search?q=Factors+affecting+agricultural+productivity+in+Doba+woreda%2C+Oromia+national+regional+state%2C+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJpvuuqDrNIXuDpAYdTcdRAK8O2Tg%3A1715760751996&ei=b25EZtqxPKSq4-EPpOmEuAg&ved=0ahUKEwiapZHxmo-GAxUk1TgGHaQ0AYcQ4dUDCBA&uact=5&oq=Factors+affecting+agricultural+productivity+in+Doba+woreda%2C+Oromia+national+regional+state%2C+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAiZEZhY3RvcnMgYWZmZWN0aW5nIGFncmljdWx0dXJhbCBwcm9kdWN0aXZpdHkgaW4gRG9iYSB3b3JlZGEsFILENAME
https://www.google.com/search?q=Factors+affecting+agricultural+productivity+in+Doba+woreda%2C+Oromia+national+regional+state%2C+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJpvuuqDrNIXuDpAYdTcdRAK8O2Tg%3A1715760751996&ei=b25EZtqxPKSq4-EPpOmEuAg&ved=0ahUKEwiapZHxmo-GAxUk1TgGHaQ0AYcQ4dUDCBA&uact=5&oq=Factors+affecting+agricultural+productivity+in+Doba+woreda%2C+Oromia+national+regional+state%2C+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAiZEZhY3RvcnMgYWZmZWN0aW5nIGFncmljdWx0dXJhbCBwcm9kdWN0aXZpdHkgaW4gRG9iYSB3b3JlZGEsFILENAME
https://www.google.com/search?q=Effect+of+organic+mulches+on+agronomic+parameters+-+A+case+study+of+tomato+crop+%28Lycopersicon+esculentum+Mill.%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIK6kSHMSpEru5DkxzmL6yQIso9LYQ%3A1715760699744&ei=O25EZu_4LP3g4-EPs-SciAQ&ved=0ahUKEwivgpzYmo-GAxV98DgGHTMyB0EQ4dUDCBA&uact=5&oq=Effect+of+organic+mulches+on+agronomic+parameters+-+A+case+study+of+tomato+crop+%28Lycopersicon+esculentum+Mill.%29&gs_lp=Egxnd3Mtd2l6LXNlcnAib0VmZmVjdCBvZiBvcmdhbmljIG11bGNoZXMgb24gYWdyb25vbWljIHBhcmFILENAME
https://www.google.com/search?q=Effect+of+organic+mulches+on+agronomic+parameters+-+A+case+study+of+tomato+crop+%28Lycopersicon+esculentum+Mill.%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIK6kSHMSpEru5DkxzmL6yQIso9LYQ%3A1715760699744&ei=O25EZu_4LP3g4-EPs-SciAQ&ved=0ahUKEwivgpzYmo-GAxV98DgGHTMyB0EQ4dUDCBA&uact=5&oq=Effect+of+organic+mulches+on+agronomic+parameters+-+A+case+study+of+tomato+crop+%28Lycopersicon+esculentum+Mill.%29&gs_lp=Egxnd3Mtd2l6LXNlcnAib0VmZmVjdCBvZiBvcmdhbmljIG11bGNoZXMgb24gYWdyb25vbWljIHBhcmFILENAME
https://www.google.com/search?q=Effects+of+deficit+irrigation+and+biochar+addition+on+the+growth%2C+yield%2C+and+quality+of+tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJ2lN6NA8SiTXDmxYyoX8C2C02rDw%3A1715760649776&ei=CW5EZtmAL6aQ4-EPgvq7oAg&ved=0ahUKEwiZqbLAmo-GAxUmyDgGHQL9DoQQ4dUDCBA&uact=5&oq=Effects+of+deficit+irrigation+and+biochar+addition+on+the+growth%2C+yield%2C+and+quality+of+tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAiXkVmZmVjdHMgb2YgZGVmaWNpdCBpcnJpZ2F0aW9uIGFuZCBiaW9jaGFyIGFkZGl0aW9uIG9uIHRoZSBncm93dGgsIHlpFILENAME
https://www.google.com/search?q=Effects+of+deficit+irrigation+and+biochar+addition+on+the+growth%2C+yield%2C+and+quality+of+tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJ2lN6NA8SiTXDmxYyoX8C2C02rDw%3A1715760649776&ei=CW5EZtmAL6aQ4-EPgvq7oAg&ved=0ahUKEwiZqbLAmo-GAxUmyDgGHQL9DoQQ4dUDCBA&uact=5&oq=Effects+of+deficit+irrigation+and+biochar+addition+on+the+growth%2C+yield%2C+and+quality+of+tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAiXkVmZmVjdHMgb2YgZGVmaWNpdCBpcnJpZ2F0aW9uIGFuZCBiaW9jaGFyIGFkZGl0aW9uIG9uIHRoZSBncm93dGgsIHlpFILENAME
https://www.google.com/search?q=Interpreting+Soil+Test+Results&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKSteMFJrH9KjgMCUlvNl3ePcA65Q%3A1715760609543&ei=4W1EZtfjIPaX4-EPwuaB4As&ved=0ahUKEwiX2Jqtmo-GAxX2yzgGHUJzALwQ4dUDCBA&uact=5&oq=Interpreting+Soil+Test+Results&gs_lp=Egxnd3Mtd2l6LXNlcnAiHkludGVycHJldGluZyBTb2lsIFRlc3QgUmVzdWx0czIFEAAYgAQyBRAAGIAEMgUQLhiABDIGEAAYFhgeMgsQABiABBiGAxiKBTIIEAAYogQYiQUyCBAAGIAEGKIESKcFUABYAHAAeACQAQCYAaoBoAGqAaoBAzAuMbgBA8gBAPgBAvgBAZgCAaACsQGYAwCSBwMwLjGgB_oH&sclient=gws-wiz-serp
https://www.google.com/search?q=Irrigation+and+Rain-fed+Crop+Production+System+in+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILZocMKYNsI2kPDeGKiY4HBCXUmmA%3A1715760551141&ei=p21EZtylCLSI4-EPyNGM4A4&ved=0ahUKEwicla6Rmo-GAxU0xDgGHcgoA-wQ4dUDCBA&uact=5&oq=Irrigation+and+Rain-fed+Crop+Production+System+in+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAiOklycmlnYXRpb24gYW5kIFJhaW4tZmVkIENyb3AgUHJvZHVjdGlvbiBTeXN0ZW0gaW4gRXRoaW9waWFIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclient=gws-wiz-serp
https://www.google.com/search?q=Irrigation+and+Rain-fed+Crop+Production+System+in+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILZocMKYNsI2kPDeGKiY4HBCXUmmA%3A1715760551141&ei=p21EZtylCLSI4-EPyNGM4A4&ved=0ahUKEwicla6Rmo-GAxU0xDgGHcgoA-wQ4dUDCBA&uact=5&oq=Irrigation+and+Rain-fed+Crop+Production+System+in+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAiOklycmlnYXRpb24gYW5kIFJhaW4tZmVkIENyb3AgUHJvZHVjdGlvbiBTeXN0ZW0gaW4gRXRoaW9waWFIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclient=gws-wiz-serp
https://www.google.com/search?q=Influence+of+Deficit+Irrigation+on+Water+Use+Efficiency+and+Bird+Pepper+Production+%28Capsicum+annuum+L.%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIOBCig7VStA8b2R4slx4YR_y0bvA%3A1715760326480&ei=xmxEZq_wHPuT4-EPlqy40A4&ved=0ahUKEwiv652mmY-GAxX7yTgGHRYWDuoQ4dUDCBA&uact=5&oq=Influence+of+Deficit+Irrigation+on+Water+Use+Efficiency+and+Bird+Pepper+Production+%28Capsicum+annuum+L.%29&gs_lp=Egxnd3Mtd2l6LXNlcnAiZ0luZmx1ZW5jZSBvZiBEZWZpY2l0IElycmlnYXRpb24gb24gV2F0ZXIgVXNlIEVmZmljaWVuY3FILENAME
https://www.google.com/search?q=Influence+of+Deficit+Irrigation+on+Water+Use+Efficiency+and+Bird+Pepper+Production+%28Capsicum+annuum+L.%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIOBCig7VStA8b2R4slx4YR_y0bvA%3A1715760326480&ei=xmxEZq_wHPuT4-EPlqy40A4&ved=0ahUKEwiv652mmY-GAxX7yTgGHRYWDuoQ4dUDCBA&uact=5&oq=Influence+of+Deficit+Irrigation+on+Water+Use+Efficiency+and+Bird+Pepper+Production+%28Capsicum+annuum+L.%29&gs_lp=Egxnd3Mtd2l6LXNlcnAiZ0luZmx1ZW5jZSBvZiBEZWZpY2l0IElycmlnYXRpb24gb24gV2F0ZXIgVXNlIEVmZmljaWVuY3FILENAME
https://www.google.com/search?q=Review+on+the+role+of+small+scale+irrigation+agriculture+on+poverty+alleviation+in+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIt0OhucqVARXihwedizoKd0sjQ7w%3A1715760278578&ei=lmxEZsDuIqrf4-EPmcGkiAs&ved=0ahUKEwjAkbKPmY-GAxWq7zgGHZkgCbEQ4dUDCBA&uact=5&oq=Review+on+the+role+of+small+scale+irrigation+agriculture+on+poverty+alleviation+in+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAiW1JldmlldyBvbiB0aGUgcm9sZSBvZiBzbWFsbCBzY2FsZSBpcnJpZ2F0aW9uIGFncmljdWx0dXJlIG9uIHBvdmVydHkgYWxsZXZpYXRpb2FILENAME
https://www.google.com/search?q=Review+on+the+role+of+small+scale+irrigation+agriculture+on+poverty+alleviation+in+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIt0OhucqVARXihwedizoKd0sjQ7w%3A1715760278578&ei=lmxEZsDuIqrf4-EPmcGkiAs&ved=0ahUKEwjAkbKPmY-GAxWq7zgGHZkgCbEQ4dUDCBA&uact=5&oq=Review+on+the+role+of+small+scale+irrigation+agriculture+on+poverty+alleviation+in+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAiW1JldmlldyBvbiB0aGUgcm9sZSBvZiBzbWFsbCBzY2FsZSBpcnJpZ2F0aW9uIGFncmljdWx0dXJlIG9uIHBvdmVydHkgYWxsZXZpYXRpb2FILENAME
https://www.google.com/search?q=The+effect+of+different+irrigation+levels+and+mulch+application+on+some+quality+criteria+in+table+tomatoes+%28Lycopersicon+esculentum+mill.%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILtDWhhYJWgSDdwflRVIhDmdjZrwA%3A1715760220033&ei=XGxEZuHLAYSO4-EP7tCbyAE&ved=0ahUKEwjh6bzzmI-GAxUExzgGHW7oBhkQ4dUDCBA&uact=5&oq=The+effect+of+different+irrigation+levels+and+mulch+application+on+some+quality+criteria+in+table+tomatoes+%28Lycopersicon+esculentum+mill.%29&gs_lp=Egxnd3Mtd2l6LXNlcnAiigFUFILENAME
https://www.google.com/search?q=The+effect+of+different+irrigation+levels+and+mulch+application+on+some+quality+criteria+in+table+tomatoes+%28Lycopersicon+esculentum+mill.%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILtDWhhYJWgSDdwflRVIhDmdjZrwA%3A1715760220033&ei=XGxEZuHLAYSO4-EP7tCbyAE&ved=0ahUKEwjh6bzzmI-GAxUExzgGHW7oBhkQ4dUDCBA&uact=5&oq=The+effect+of+different+irrigation+levels+and+mulch+application+on+some+quality+criteria+in+table+tomatoes+%28Lycopersicon+esculentum+mill.%29&gs_lp=Egxnd3Mtd2l6LXNlcnAiigFUFILENAME
https://www.google.com/search?q=The+effect+of+different+irrigation+levels+and+mulch+application+on+some+quality+criteria+in+table+tomatoes+%28Lycopersicon+esculentum+mill.%29&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILtDWhhYJWgSDdwflRVIhDmdjZrwA%3A1715760220033&ei=XGxEZuHLAYSO4-EP7tCbyAE&ved=0ahUKEwjh6bzzmI-GAxUExzgGHW7oBhkQ4dUDCBA&uact=5&oq=The+effect+of+different+irrigation+levels+and+mulch+application+on+some+quality+criteria+in+table+tomatoes+%28Lycopersicon+esculentum+mill.%29&gs_lp=Egxnd3Mtd2l6LXNlcnAiigFUFILENAME
https://www.google.com/search?q=Assessing+the+performance+of+different+irrigation+techniques+to+enhance+the+water+use+efficiency+and+yield+of+maize+under+deficit+water+supply&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIJnzOa8wqjaKlbgpGc_Fo0TIpS7g%3A1715760149086&ei=FWxEZtXoBJWv4-EPxfC46Ag&ved=0ahUKEwiVx9LRmI-GAxWV1zgGHUU4Do0Q4dUDCBA&uact=5&oq=Assessing+the+performance+of+different+irrigation+techniques+to+enhance+the+water+use+efficiency+and+yield+of+maize+under+deficit+water+supply&gs_lp=Egxnd3Mtd2l6LXNlcnAijgFBFILENAME
https://www.google.com/search?q=Assessing+the+performance+of+different+irrigation+techniques+to+enhance+the+water+use+efficiency+and+yield+of+maize+under+deficit+water+supply&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIJnzOa8wqjaKlbgpGc_Fo0TIpS7g%3A1715760149086&ei=FWxEZtXoBJWv4-EPxfC46Ag&ved=0ahUKEwiVx9LRmI-GAxWV1zgGHUU4Do0Q4dUDCBA&uact=5&oq=Assessing+the+performance+of+different+irrigation+techniques+to+enhance+the+water+use+efficiency+and+yield+of+maize+under+deficit+water+supply&gs_lp=Egxnd3Mtd2l6LXNlcnAijgFBFILENAME
https://www.google.com/search?q=Assessing+the+performance+of+different+irrigation+techniques+to+enhance+the+water+use+efficiency+and+yield+of+maize+under+deficit+water+supply&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIJnzOa8wqjaKlbgpGc_Fo0TIpS7g%3A1715760149086&ei=FWxEZtXoBJWv4-EPxfC46Ag&ved=0ahUKEwiVx9LRmI-GAxWV1zgGHUU4Do0Q4dUDCBA&uact=5&oq=Assessing+the+performance+of+different+irrigation+techniques+to+enhance+the+water+use+efficiency+and+yield+of+maize+under+deficit+water+supply&gs_lp=Egxnd3Mtd2l6LXNlcnAijgFBFILENAME
https://www.google.com/search?q=Yield+and+water+use+efficiency+of+furrow+irrigated+potato+under+regulated+deficit+irrigation%2C+Atsibi-Wemberta%2C+North+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIQvhh1RFGZwDMOtJBk7WNXad0xHQ%3A1715760096598&ei=4GtEZqaTJPiG4-EPkLOBuAc&ved=0ahUKEwimg8-4mI-GAxV4wzgGHZBZAHcQ4dUDCBA&uact=5&oq=Yield+and+water+use+efficiency+of+furrow+irrigated+potato+under+regulated+deficit+irrigation%2C+Atsibi-Wemberta%2C+North+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAifVlpZWxkIGFuZCB3YXRlciB1c2UgZWFILENAME
https://www.google.com/search?q=Yield+and+water+use+efficiency+of+furrow+irrigated+potato+under+regulated+deficit+irrigation%2C+Atsibi-Wemberta%2C+North+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIQvhh1RFGZwDMOtJBk7WNXad0xHQ%3A1715760096598&ei=4GtEZqaTJPiG4-EPkLOBuAc&ved=0ahUKEwimg8-4mI-GAxV4wzgGHZBZAHcQ4dUDCBA&uact=5&oq=Yield+and+water+use+efficiency+of+furrow+irrigated+potato+under+regulated+deficit+irrigation%2C+Atsibi-Wemberta%2C+North+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAifVlpZWxkIGFuZCB3YXRlciB1c2UgZWFILENAME
https://www.google.com/search?q=Yield+and+water+use+efficiency+of+furrow+irrigated+potato+under+regulated+deficit+irrigation%2C+Atsibi-Wemberta%2C+North+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIQvhh1RFGZwDMOtJBk7WNXad0xHQ%3A1715760096598&ei=4GtEZqaTJPiG4-EPkLOBuAc&ved=0ahUKEwimg8-4mI-GAxV4wzgGHZBZAHcQ4dUDCBA&uact=5&oq=Yield+and+water+use+efficiency+of+furrow+irrigated+potato+under+regulated+deficit+irrigation%2C+Atsibi-Wemberta%2C+North+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAifVlpZWxkIGFuZCB3YXRlciB1c2UgZWFILENAME
https://www.google.com/search?q=Evaluation+of+Tomato+Response+to+Deficit+Irrigation+at+Humbo+Woreda%2C+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIK3xUj5YQzEgi3jGXKpoAeI6GiRYg%3A1715760043860&ei=q2tEZoCNNOWz4-EPqbGvmAU&ved=0ahUKEwjAjryfmI-GAxXl2TgGHanYC1MQ4dUDCBA&uact=5&oq=Evaluation+of+Tomato+Response+to+Deficit+Irrigation+at+Humbo+Woreda%2C+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAiTUV2YWx1YXRpb24gb2YgVG9tYXRvIFJlc3BvbnNlIHRvIERlZmljaXQgSXJyaWdhdGlvbiBhdCBIdW1ibyBXb3JlZGEsIEV0aGlvcGlhSABQAFgAcAB4AJABAJgBAKABAKFILENAME
https://www.google.com/search?q=Evaluation+of+Tomato+Response+to+Deficit+Irrigation+at+Humbo+Woreda%2C+Ethiopia&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIK3xUj5YQzEgi3jGXKpoAeI6GiRYg%3A1715760043860&ei=q2tEZoCNNOWz4-EPqbGvmAU&ved=0ahUKEwjAjryfmI-GAxXl2TgGHanYC1MQ4dUDCBA&uact=5&oq=Evaluation+of+Tomato+Response+to+Deficit+Irrigation+at+Humbo+Woreda%2C+Ethiopia&gs_lp=Egxnd3Mtd2l6LXNlcnAiTUV2YWx1YXRpb24gb2YgVG9tYXRvIFJlc3BvbnNlIHRvIERlZmljaXQgSXJyaWdhdGlvbiBhdCBIdW1ibyBXb3JlZGEsIEV0aGlvcGlhSABQAFgAcAB4AJABAJgBAKABAKFILENAME
https://www.google.com/search?q=Increasing+productivity+through+irrigation%E2%80%AF%3A+Problems+and+solutions+implemented+in+Africa+and+Asia.+Sustainable+Energy+Technologies+and+Assessments&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIqxWkkhXeIkf2oiuNmrxdmwUL7hw%3A1715759995376&ei=e2tEZq-8FryM4-EPtMiymA0&ved=0ahUKEwjv5ayImI-GAxU8xjgGHTSkDNMQ4dUDCBA&uact=5&oq=Increasing+productivity+through+irrigation%E2%80%AF%3A+Problems+and+solutions+implemented+in+Africa+and+Asia.+Sustainable+Energy+Technologies+and+Assessments&FILENAME

Citation: Mekonen BM (2024) Evaluating the Effects of Deficit Irrigation and Mulch Type on Yield and Water Productivity of Tomato in Fogera, Ethiopia.

Adv Crop Sci Tech 12: 689.

Page 10 of 10

37.

38.

3

©

40.

41.

42.

43.

in Africa and Asia. Sustainable Energy Technologies and Assessments.

Mekonen BM, Moges MF, Gelagl DB (2022) Innovative Irrigation Water-Saving
Strategies to Improve Water and Yield Productivity of Onions 9: 36-48.

Mn T, Jo O, Lo A (2017) Reponses of Tomato ( Lycopersicon Lycopersicum Mill
), Soil Temperature and Soil Moisture Content to Mulch Material and Mulching
Rate in Ogbomoso and Mokwa Nigeria 10(2).

. Mubarak I, Hamdan A (2018) Onion crop response to regulated deficit irrigation

under mulching in dry mediterranean region. Journal of Horticultural Research
26: 87-94.

Page KL, Dang YP, Dalal RC (2020) The Ability of Conservation Agriculture to
Conserve Soil Organic Carbon and the Subsequent Impact on Soil Physical,
Chemical, and Biological Properties and Yield. Frontiers in Sustainable Food
Systems 4: 1-17.

Pandey VK, Mishra AC (2012) Effect of Mulches on Soil Moisture and Fruit
Yield in Summer Tomato. 36: 2-4.

Ragab ME, Arafa YE, Sawan OM, Fawzy ZF, EI-Sawy SM, et al. (2019) Effect
of irrigation systems on vegetative growth, fruit yield, quality and irrigation water
use efficiency of tomato plants (Solanum lycopersicum I.) grown under water
stress conditions. Acta Scientific Agriculture 3: 172-183.

Razaq A, Khan MJ, Sarwar T, Khan MJ (2019) Influence of deficit irrigation,

44,

45.

46.

47.

48.

49.

50.

sowing methods and mulching on yield components and yield of wheat in
semiarid environment. Pakistan Journal of Botany 51(2).

Robel Admasu ZT (2019) Integrated Effect of Mulching and Furrow Methods on
Tomato (Lycopersiumesculentum L) Yield and Water Productivity at. Journal of
Natural Sciences Research 9: 1-6.

Rop DK, Kipkorir EC, Taragon JK (2016) Effects of Deficit Irrigation on Yield
and Quality of Onion Crop. Journal of Agricultural Science 8: 112.

Sang HJ, Wambua RM, Raude JM (2020) Yield Response, Water Use and
Water Productivity of Tomato under Deficit Sub-Surface Drip Irrigation and
Mulching. 6: 47-55.

Shahein MM, Abuarab ME, Hassan AM (2012) Effects of Regulated Deficit
Irrigation and Phosphorus Fertilizers on Water Use Efficiency, Yield and Total
Soluble Solids of Tomato. 12: 1295-1304.

Smith M, Kivumbi D, Division WD (2002) Use of the FAO CROPWAT model in
deficit irrigation studies. Water 17-27.

Tadesse B, Tilahun Y, Bekele T, Mekonen G (2021) Assessment of challenges
of crop production and marketing in Bench-Sheko, Kaffa, Sheka, and West-
Omo zones of southwest Ethiopia. Heliyon 7: e07319.

Tegen H, Dessalegn Y, Mohammed W (2016) Influence of mulching and
varieties on growth and yield of tomato under polyhouse 8: 1-11.

Adv Crop Sci Tech, an open access journal

Volume 12 + Issue 4 + 1000689


https://www.google.com/search?q=Increasing+productivity+through+irrigation%E2%80%AF%3A+Problems+and+solutions+implemented+in+Africa+and+Asia.+Sustainable+Energy+Technologies+and+Assessments&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIqxWkkhXeIkf2oiuNmrxdmwUL7hw%3A1715759995376&ei=e2tEZq-8FryM4-EPtMiymA0&ved=0ahUKEwjv5ayImI-GAxU8xjgGHTSkDNMQ4dUDCBA&uact=5&oq=Increasing+productivity+through+irrigation%E2%80%AF%3A+Problems+and+solutions+implemented+in+Africa+and+Asia.+Sustainable+Energy+Technologies+and+Assessments&FILENAME
https://www.google.com/search?q=Innovative+Irrigation+Water-Saving+Strategies+to+Improve+Water+and+Yield+Productivity+of+Onions&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJWbQlmDExGCehiHZLvO2QrD3334g%3A1715759962013&ei=WmtEZpEThIrj4Q_IoJO4Dg&ved=0ahUKEwiRqLj4l4-GAxUExTgGHUjQBOcQ4dUDCBA&uact=5&oq=Innovative+Irrigation+Water-Saving+Strategies+to+Improve+Water+and+Yield+Productivity+of+Onions&gs_lp=Egxnd3Mtd2l6LXNlcnAiX0lubm92YXRpdmUgSXJyaWdhdGlvbiBXYXRlci1TYXZpbmcgU3RyYXRlZ2llcyB0byBJbXByb3ZlIFdhdGVyIGFuZCBZaWVsZCBFILENAME
https://www.google.com/search?q=Innovative+Irrigation+Water-Saving+Strategies+to+Improve+Water+and+Yield+Productivity+of+Onions&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJWbQlmDExGCehiHZLvO2QrD3334g%3A1715759962013&ei=WmtEZpEThIrj4Q_IoJO4Dg&ved=0ahUKEwiRqLj4l4-GAxUExTgGHUjQBOcQ4dUDCBA&uact=5&oq=Innovative+Irrigation+Water-Saving+Strategies+to+Improve+Water+and+Yield+Productivity+of+Onions&gs_lp=Egxnd3Mtd2l6LXNlcnAiX0lubm92YXRpdmUgSXJyaWdhdGlvbiBXYXRlci1TYXZpbmcgU3RyYXRlZ2llcyB0byBJbXByb3ZlIFdhdGVyIGFuZCBZaWVsZCBFILENAME
https://www.google.com/search?q=Reponses+of+Tomato+%28+Lycopersicon+Lycopersicum+Mill+%29%2C+Soil+Temperature+and+Soil+Moisture+Content+to+Mulch+Material+and+Mulching+Rate+in+Ogbomoso+and+Mokwa+Nigeria&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIItcx7QPdIQXVqQ--kLTcoaB2wItQ%3A1715759896959&ei=GGtEZriYOqSH4-EP7rO26Ak&ved=0ahUKEwi4hLbZl4-GAxWkwzgGHe6ZDZ0Q4dUDCBA&uact=5&oq=Reponses+of+Tomato+%28+Lycopersicon+Lycopersicum+Mill+%29%2C+Soil+Temperature+and+Soil+Moisture+Content+to+Mulch+Material+and+Mulching+Rate+in+OgbFILENAME
https://www.google.com/search?q=Reponses+of+Tomato+%28+Lycopersicon+Lycopersicum+Mill+%29%2C+Soil+Temperature+and+Soil+Moisture+Content+to+Mulch+Material+and+Mulching+Rate+in+Ogbomoso+and+Mokwa+Nigeria&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIItcx7QPdIQXVqQ--kLTcoaB2wItQ%3A1715759896959&ei=GGtEZriYOqSH4-EP7rO26Ak&ved=0ahUKEwi4hLbZl4-GAxWkwzgGHe6ZDZ0Q4dUDCBA&uact=5&oq=Reponses+of+Tomato+%28+Lycopersicon+Lycopersicum+Mill+%29%2C+Soil+Temperature+and+Soil+Moisture+Content+to+Mulch+Material+and+Mulching+Rate+in+OgbFILENAME
https://www.google.com/search?q=Reponses+of+Tomato+%28+Lycopersicon+Lycopersicum+Mill+%29%2C+Soil+Temperature+and+Soil+Moisture+Content+to+Mulch+Material+and+Mulching+Rate+in+Ogbomoso+and+Mokwa+Nigeria&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIItcx7QPdIQXVqQ--kLTcoaB2wItQ%3A1715759896959&ei=GGtEZriYOqSH4-EP7rO26Ak&ved=0ahUKEwi4hLbZl4-GAxWkwzgGHe6ZDZ0Q4dUDCBA&uact=5&oq=Reponses+of+Tomato+%28+Lycopersicon+Lycopersicum+Mill+%29%2C+Soil+Temperature+and+Soil+Moisture+Content+to+Mulch+Material+and+Mulching+Rate+in+OgbFILENAME
https://www.google.com/search?q=Onion+crop+response+to+regulated+deficit+irrigation+under+mulching+in+dry+mediterranean+region&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKl-5s-LprHnSId2e-5X-1RN9APdA%3A1715759841593&ei=4WpEZvnXI5Lj4-EP1eKu6AE&ved=0ahUKEwi5zIK_l4-GAxWS8TgGHVWxCx0Q4dUDCBA&uact=5&oq=Onion+crop+response+to+regulated+deficit+irrigation+under+mulching+in+dry+mediterranean+region&gs_lp=Egxnd3Mtd2l6LXNlcnAiXk9uaW9uIGNyb3AgcmVzcG9uc2UgdG8gcmVndWxhdGVkIGRlZmljaXQgaXJyaWdhdGlvbiB1bmRlciBtdWxjaGluZyBpbiBkcnkgFILENAME
https://www.google.com/search?q=Onion+crop+response+to+regulated+deficit+irrigation+under+mulching+in+dry+mediterranean+region&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKl-5s-LprHnSId2e-5X-1RN9APdA%3A1715759841593&ei=4WpEZvnXI5Lj4-EP1eKu6AE&ved=0ahUKEwi5zIK_l4-GAxWS8TgGHVWxCx0Q4dUDCBA&uact=5&oq=Onion+crop+response+to+regulated+deficit+irrigation+under+mulching+in+dry+mediterranean+region&gs_lp=Egxnd3Mtd2l6LXNlcnAiXk9uaW9uIGNyb3AgcmVzcG9uc2UgdG8gcmVndWxhdGVkIGRlZmljaXQgaXJyaWdhdGlvbiB1bmRlciBtdWxjaGluZyBpbiBkcnkgFILENAME
https://www.google.com/search?q=The+Ability+of+Conservation+Agriculture+to+Conserve+Soil+Organic+Carbon+and+the+Subsequent+Impact+on+Soil+Physical%2C+Chemical%2C+and+Biological+Properties+and+Yield&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJiJkiQk_ak40HVF97PfzUj_HRHEQ%3A1715759766641&ei=lmpEZtnhJoflg8UPvca08AE&ved=0ahUKEwjZhKSbl4-GAxWH8qACHT0jDR4Q4dUDCBA&uact=5&oq=The+Ability+of+Conservation+Agriculture+to+Conserve+Soil+Organic+Carbon+and+the+Subsequent+Impact+on+Soil+Physical%2C+Chemical%2C+and+Biological+PropeFILENAME
https://www.google.com/search?q=The+Ability+of+Conservation+Agriculture+to+Conserve+Soil+Organic+Carbon+and+the+Subsequent+Impact+on+Soil+Physical%2C+Chemical%2C+and+Biological+Properties+and+Yield&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJiJkiQk_ak40HVF97PfzUj_HRHEQ%3A1715759766641&ei=lmpEZtnhJoflg8UPvca08AE&ved=0ahUKEwjZhKSbl4-GAxWH8qACHT0jDR4Q4dUDCBA&uact=5&oq=The+Ability+of+Conservation+Agriculture+to+Conserve+Soil+Organic+Carbon+and+the+Subsequent+Impact+on+Soil+Physical%2C+Chemical%2C+and+Biological+PropeFILENAME
https://www.google.com/search?q=The+Ability+of+Conservation+Agriculture+to+Conserve+Soil+Organic+Carbon+and+the+Subsequent+Impact+on+Soil+Physical%2C+Chemical%2C+and+Biological+Properties+and+Yield&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJiJkiQk_ak40HVF97PfzUj_HRHEQ%3A1715759766641&ei=lmpEZtnhJoflg8UPvca08AE&ved=0ahUKEwjZhKSbl4-GAxWH8qACHT0jDR4Q4dUDCBA&uact=5&oq=The+Ability+of+Conservation+Agriculture+to+Conserve+Soil+Organic+Carbon+and+the+Subsequent+Impact+on+Soil+Physical%2C+Chemical%2C+and+Biological+PropeFILENAME
https://www.google.com/search?q=Effect+of+Mulches+on+Soil+Moisture+and+Fruit+Yield+in+Summer+Tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKlWstxxvGWiCsGUTNvfdkc7-008g%3A1715759721219&ei=aWpEZof1DKqL4-EPxqmo0A4&ved=0ahUKEwjHzc-Fl4-GAxWqxTgGHcYUCuoQ4dUDCBA&uact=5&oq=Effect+of+Mulches+on+Soil+Moisture+and+Fruit+Yield+in+Summer+Tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAiQ0VmZmVjdCBvZiBNdWxjaGVzIG9uIFNvaWwgTW9pc3R1cmUgYW5kIEZydWl0IFlpZWxkIGluIFN1bW1lciBUb21hdG9IAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAFILENAME
https://www.google.com/search?q=Effect+of+Mulches+on+Soil+Moisture+and+Fruit+Yield+in+Summer+Tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIKlWstxxvGWiCsGUTNvfdkc7-008g%3A1715759721219&ei=aWpEZof1DKqL4-EPxqmo0A4&ved=0ahUKEwjHzc-Fl4-GAxWqxTgGHcYUCuoQ4dUDCBA&uact=5&oq=Effect+of+Mulches+on+Soil+Moisture+and+Fruit+Yield+in+Summer+Tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAiQ0VmZmVjdCBvZiBNdWxjaGVzIG9uIFNvaWwgTW9pc3R1cmUgYW5kIEZydWl0IFlpZWxkIGluIFN1bW1lciBUb21hdG9IAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAFILENAME
https://www.google.com/search?q=Effect+of+irrigation+systems+on+vegetative+growth%2C+fruit+yield%2C+quality+and+irrigation+water+use+efficiency+of+tomato+plants+%28Solanum+lycopersicum+l.%29+grown+under+water+stress+conditions&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJFong-auxFPdBf9JDtjLgJRnraCw%3A1715759642018&ei=GmpEZv9V7Pjj4Q_I4oPQAg&ved=0ahUKEwj_yu3flo-GAxVs_DgGHUjxACoQ4dUDCBA&uact=5&oq=Effect+of+irrigation+systems+on+vegetative+growth%2C+fruit+yield%2C+quality+and+irrigation+water+use+efficiency+of+tomato+FILENAME
https://www.google.com/search?q=Effect+of+irrigation+systems+on+vegetative+growth%2C+fruit+yield%2C+quality+and+irrigation+water+use+efficiency+of+tomato+plants+%28Solanum+lycopersicum+l.%29+grown+under+water+stress+conditions&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJFong-auxFPdBf9JDtjLgJRnraCw%3A1715759642018&ei=GmpEZv9V7Pjj4Q_I4oPQAg&ved=0ahUKEwj_yu3flo-GAxVs_DgGHUjxACoQ4dUDCBA&uact=5&oq=Effect+of+irrigation+systems+on+vegetative+growth%2C+fruit+yield%2C+quality+and+irrigation+water+use+efficiency+of+tomato+FILENAME
https://www.google.com/search?q=Effect+of+irrigation+systems+on+vegetative+growth%2C+fruit+yield%2C+quality+and+irrigation+water+use+efficiency+of+tomato+plants+%28Solanum+lycopersicum+l.%29+grown+under+water+stress+conditions&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJFong-auxFPdBf9JDtjLgJRnraCw%3A1715759642018&ei=GmpEZv9V7Pjj4Q_I4oPQAg&ved=0ahUKEwj_yu3flo-GAxVs_DgGHUjxACoQ4dUDCBA&uact=5&oq=Effect+of+irrigation+systems+on+vegetative+growth%2C+fruit+yield%2C+quality+and+irrigation+water+use+efficiency+of+tomato+FILENAME
https://www.google.com/search?q=Effect+of+irrigation+systems+on+vegetative+growth%2C+fruit+yield%2C+quality+and+irrigation+water+use+efficiency+of+tomato+plants+%28Solanum+lycopersicum+l.%29+grown+under+water+stress+conditions&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJFong-auxFPdBf9JDtjLgJRnraCw%3A1715759642018&ei=GmpEZv9V7Pjj4Q_I4oPQAg&ved=0ahUKEwj_yu3flo-GAxVs_DgGHUjxACoQ4dUDCBA&uact=5&oq=Effect+of+irrigation+systems+on+vegetative+growth%2C+fruit+yield%2C+quality+and+irrigation+water+use+efficiency+of+tomato+FILENAME
https://www.google.com/search?q=Influence+of+deficit+irrigation%2C+sowing+methods+and+mulching+on+yield+components+and+yield+of+wheat+in+semiarid+environment&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJh1IjVsn2svC65U8aCu04R90TOYg%3A1715759589649&ei=5WlEZt-bJ-qR4-EPnN2vuAM&ved=0ahUKEwifovHGlo-GAxXqyDgGHZzuCzcQ4dUDCBA&uact=5&oq=Influence+of+deficit+irrigation%2C+sowing+methods+and+mulching+on+yield+components+and+yield+of+wheat+in+semiarid+environment&gs_lp=Egxnd3Mtd2l6LXNlcnAie0luZmx1ZW5jZSBvZiBkZWZpY2l0IGlycmlnYXFILENAME
https://www.google.com/search?q=Influence+of+deficit+irrigation%2C+sowing+methods+and+mulching+on+yield+components+and+yield+of+wheat+in+semiarid+environment&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJh1IjVsn2svC65U8aCu04R90TOYg%3A1715759589649&ei=5WlEZt-bJ-qR4-EPnN2vuAM&ved=0ahUKEwifovHGlo-GAxXqyDgGHZzuCzcQ4dUDCBA&uact=5&oq=Influence+of+deficit+irrigation%2C+sowing+methods+and+mulching+on+yield+components+and+yield+of+wheat+in+semiarid+environment&gs_lp=Egxnd3Mtd2l6LXNlcnAie0luZmx1ZW5jZSBvZiBkZWZpY2l0IGlycmlnYXFILENAME
https://www.google.com/search?q=Influence+of+deficit+irrigation%2C+sowing+methods+and+mulching+on+yield+components+and+yield+of+wheat+in+semiarid+environment&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJh1IjVsn2svC65U8aCu04R90TOYg%3A1715759589649&ei=5WlEZt-bJ-qR4-EPnN2vuAM&ved=0ahUKEwifovHGlo-GAxXqyDgGHZzuCzcQ4dUDCBA&uact=5&oq=Influence+of+deficit+irrigation%2C+sowing+methods+and+mulching+on+yield+components+and+yield+of+wheat+in+semiarid+environment&gs_lp=Egxnd3Mtd2l6LXNlcnAie0luZmx1ZW5jZSBvZiBkZWZpY2l0IGlycmlnYXFILENAME
https://www.google.com/search?q=Integrated+Effect+of+Mulching+and+Furrow+Methods+on+Tomato+%28Lycopersiumesculentum+L%29+Yield+and+Water+Productivity+at&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIS-7zEA_KWUCUL7L6htasSw-OeMg%3A1715759537986&ei=sWlEZuzsO7eIjuMPvv6G6Ac&ved=0ahUKEwisiaCulo-GAxU3hGMGHT6_AX0Q4dUDCBA&uact=5&oq=Integrated+Effect+of+Mulching+and+Furrow+Methods+on+Tomato+%28Lycopersiumesculentum+L%29+Yield+and+Water+Productivity+at&gs_lp=Egxnd3Mtd2l6LXNlcnAidEludGVncmF0ZWQgRWZmZWN0IG9mIE11bGNoaW5nIGFuZCBGFILENAME
https://www.google.com/search?q=Integrated+Effect+of+Mulching+and+Furrow+Methods+on+Tomato+%28Lycopersiumesculentum+L%29+Yield+and+Water+Productivity+at&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIS-7zEA_KWUCUL7L6htasSw-OeMg%3A1715759537986&ei=sWlEZuzsO7eIjuMPvv6G6Ac&ved=0ahUKEwisiaCulo-GAxU3hGMGHT6_AX0Q4dUDCBA&uact=5&oq=Integrated+Effect+of+Mulching+and+Furrow+Methods+on+Tomato+%28Lycopersiumesculentum+L%29+Yield+and+Water+Productivity+at&gs_lp=Egxnd3Mtd2l6LXNlcnAidEludGVncmF0ZWQgRWZmZWN0IG9mIE11bGNoaW5nIGFuZCBGFILENAME
https://www.google.com/search?q=Effects+of+Deficit+Irrigation+on+Yield+and+Quality+of+Onion+Crop&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIBjDBrlbcfe8-7EfJXKAOUtusGuA%3A1715755930245&ei=mltEZpvSDt664-EP5aCAqAY&ved=0ahUKEwibh_n1iI-GAxVe3TgGHWUQAGUQ4dUDCBA&uact=5&oq=Effects+of+Deficit+Irrigation+on+Yield+and+Quality+of+Onion+Crop&gs_lp=Egxnd3Mtd2l6LXNlcnAiQEVmZmVjdHMgb2YgRGVmaWNpdCBJcnJpZ2F0aW9uIG9uIFlpZWxkIGFuZCBRdWFsaXR5IG9mIE9uaW9uIENyb3BIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclientFILENAME
https://www.google.com/search?q=Effects+of+Deficit+Irrigation+on+Yield+and+Quality+of+Onion+Crop&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIIBjDBrlbcfe8-7EfJXKAOUtusGuA%3A1715755930245&ei=mltEZpvSDt664-EP5aCAqAY&ved=0ahUKEwibh_n1iI-GAxVe3TgGHWUQAGUQ4dUDCBA&uact=5&oq=Effects+of+Deficit+Irrigation+on+Yield+and+Quality+of+Onion+Crop&gs_lp=Egxnd3Mtd2l6LXNlcnAiQEVmZmVjdHMgb2YgRGVmaWNpdCBJcnJpZ2F0aW9uIG9uIFlpZWxkIGFuZCBRdWFsaXR5IG9mIE9uaW9uIENyb3BIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclientFILENAME
https://www.google.com/search?q=Yield+Response%2C+Water+Use+and+Water+Productivity+of+Tomato+under+Deficit+Sub-Surface+Drip+Irrigation+and+Mulching&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJ6JIY0AD-Qs3sXHwkVJaIEO1GHzg%3A1715755871775&ei=X1tEZsj6LuWR4-EPmNG2mAE&ved=0ahUKEwiIpojaiI-GAxXlyDgGHZioDRMQ4dUDCBA&uact=5&oq=Yield+Response%2C+Water+Use+and+Water+Productivity+of+Tomato+under+Deficit+Sub-Surface+Drip+Irrigation+and+Mulching&gs_lp=Egxnd3Mtd2l6LXNlcnAicVlpZWxkIFJlc3BvbnNlLCBXYXRlciBVc2UgYW5kIFdhdGVyIFByb2R1Y3FILENAME
https://www.google.com/search?q=Yield+Response%2C+Water+Use+and+Water+Productivity+of+Tomato+under+Deficit+Sub-Surface+Drip+Irrigation+and+Mulching&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJ6JIY0AD-Qs3sXHwkVJaIEO1GHzg%3A1715755871775&ei=X1tEZsj6LuWR4-EPmNG2mAE&ved=0ahUKEwiIpojaiI-GAxXlyDgGHZioDRMQ4dUDCBA&uact=5&oq=Yield+Response%2C+Water+Use+and+Water+Productivity+of+Tomato+under+Deficit+Sub-Surface+Drip+Irrigation+and+Mulching&gs_lp=Egxnd3Mtd2l6LXNlcnAicVlpZWxkIFJlc3BvbnNlLCBXYXRlciBVc2UgYW5kIFdhdGVyIFByb2R1Y3FILENAME
https://www.google.com/search?q=Yield+Response%2C+Water+Use+and+Water+Productivity+of+Tomato+under+Deficit+Sub-Surface+Drip+Irrigation+and+Mulching&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIJ6JIY0AD-Qs3sXHwkVJaIEO1GHzg%3A1715755871775&ei=X1tEZsj6LuWR4-EPmNG2mAE&ved=0ahUKEwiIpojaiI-GAxXlyDgGHZioDRMQ4dUDCBA&uact=5&oq=Yield+Response%2C+Water+Use+and+Water+Productivity+of+Tomato+under+Deficit+Sub-Surface+Drip+Irrigation+and+Mulching&gs_lp=Egxnd3Mtd2l6LXNlcnAicVlpZWxkIFJlc3BvbnNlLCBXYXRlciBVc2UgYW5kIFdhdGVyIFByb2R1Y3FILENAME
https://www.google.com/search?q=Effects+of+Regulated+Deficit+Irrigation+and+Phosphorus+Fertilizers+on+Water+Use+Efficiency%2C+Yield+and+Total+Soluble+Solids+of+Tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILFQWhBOkj2JzWNsEcVn1D__5iIZQ%3A1715755818149&ei=KltEZrvjCKmx4-EP_vSB0Aw&ved=0ahUKEwi7oL_AiI-GAxWp2DgGHX56AMoQ4dUDCBA&uact=5&oq=Effects+of+Regulated+Deficit+Irrigation+and+Phosphorus+Fertilizers+on+Water+Use+Efficiency%2C+Yield+and+Total+Soluble+Solids+of+Tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFFZmZlY3RzIG9mIFJlFILENAME
https://www.google.com/search?q=Effects+of+Regulated+Deficit+Irrigation+and+Phosphorus+Fertilizers+on+Water+Use+Efficiency%2C+Yield+and+Total+Soluble+Solids+of+Tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILFQWhBOkj2JzWNsEcVn1D__5iIZQ%3A1715755818149&ei=KltEZrvjCKmx4-EP_vSB0Aw&ved=0ahUKEwi7oL_AiI-GAxWp2DgGHX56AMoQ4dUDCBA&uact=5&oq=Effects+of+Regulated+Deficit+Irrigation+and+Phosphorus+Fertilizers+on+Water+Use+Efficiency%2C+Yield+and+Total+Soluble+Solids+of+Tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFFZmZlY3RzIG9mIFJlFILENAME
https://www.google.com/search?q=Effects+of+Regulated+Deficit+Irrigation+and+Phosphorus+Fertilizers+on+Water+Use+Efficiency%2C+Yield+and+Total+Soluble+Solids+of+Tomato&sca_esv=bde6ed90e343d802&sxsrf=ADLYWILFQWhBOkj2JzWNsEcVn1D__5iIZQ%3A1715755818149&ei=KltEZrvjCKmx4-EP_vSB0Aw&ved=0ahUKEwi7oL_AiI-GAxWp2DgGHX56AMoQ4dUDCBA&uact=5&oq=Effects+of+Regulated+Deficit+Irrigation+and+Phosphorus+Fertilizers+on+Water+Use+Efficiency%2C+Yield+and+Total+Soluble+Solids+of+Tomato&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFFZmZlY3RzIG9mIFJlFILENAME
https://www.google.com/search?q=Use+of+the+FAO+CROPWAT+model+in+deficit+irrigation+studies&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIK9jx0qBaiiBRslLhQimX4-oalvZA%3A1715755761123&ei=8VpEZpuQB8XA4-EP7aSs8AQ&ved=0ahUKEwjbzKaliI-GAxVF4DgGHW0SC04Q4dUDCBA&uact=5&oq=Use+of+the+FAO+CROPWAT+model+in+deficit+irrigation+studies&gs_lp=Egxnd3Mtd2l6LXNlcnAiOlVzZSBvZiB0aGUgRkFPIENST1BXQVQgbW9kZWwgaW4gZGVmaWNpdCBpcnJpZ2F0aW9uIHN0dWRpZXNIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclient=gws-wiz-serp
https://www.google.com/search?q=Use+of+the+FAO+CROPWAT+model+in+deficit+irrigation+studies&sca_esv=bde6ed90e343d802&sxsrf=ADLYWIK9jx0qBaiiBRslLhQimX4-oalvZA%3A1715755761123&ei=8VpEZpuQB8XA4-EP7aSs8AQ&ved=0ahUKEwjbzKaliI-GAxVF4DgGHW0SC04Q4dUDCBA&uact=5&oq=Use+of+the+FAO+CROPWAT+model+in+deficit+irrigation+studies&gs_lp=Egxnd3Mtd2l6LXNlcnAiOlVzZSBvZiB0aGUgRkFPIENST1BXQVQgbW9kZWwgaW4gZGVmaWNpdCBpcnJpZ2F0aW9uIHN0dWRpZXNIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclient=gws-wiz-serp
https://www.google.com/search?q=Assessment+of+challenges+of+crop+production+and+marketing+in+Bench-Sheko%2C+Kaffa%2C+Sheka%2C+and+West-Omo+zones+of+southwest+Ethiopia&oq=Assessment+of+challenges+of+crop+production+and+marketing+in+Bench-Sheko%2C+Kaffa%2C+Sheka%2C+and+West-Omo+zones+of+southwest+Ethiopia&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIGCAEQRRg80gEJMTg4NmowajE1qAIIsAIB&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Assessment+of+challenges+of+crop+production+and+marketing+in+Bench-Sheko%2C+Kaffa%2C+Sheka%2C+and+West-Omo+zones+of+southwest+Ethiopia&oq=Assessment+of+challenges+of+crop+production+and+marketing+in+Bench-Sheko%2C+Kaffa%2C+Sheka%2C+and+West-Omo+zones+of+southwest+Ethiopia&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIGCAEQRRg80gEJMTg4NmowajE1qAIIsAIB&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Assessment+of+challenges+of+crop+production+and+marketing+in+Bench-Sheko%2C+Kaffa%2C+Sheka%2C+and+West-Omo+zones+of+southwest+Ethiopia&oq=Assessment+of+challenges+of+crop+production+and+marketing+in+Bench-Sheko%2C+Kaffa%2C+Sheka%2C+and+West-Omo+zones+of+southwest+Ethiopia&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIGCAEQRRg80gEJMTg4NmowajE1qAIIsAIB&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Influence+of+mulching+and+varieties+on+growth+and+yield+of+tomato+under+polyhouse&oq=Influence+of+mulching+and+varieties+on+growth+and+yield+of+tomato+under+polyhouse&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTYyMjFqMGoxNagCCLACAQ&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Influence+of+mulching+and+varieties+on+growth+and+yield+of+tomato+under+polyhouse&oq=Influence+of+mulching+and+varieties+on+growth+and+yield+of+tomato+under+polyhouse&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTYyMjFqMGoxNagCCLACAQ&sourceid=chrome&ie=UTF-8

	Corresponding author
	Abstract 

