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Abstract
Salinity represents a primary environmental constraint that negatively impacts the morpho-physiological
performance of avocado. As a result, this study was conducted to evaluate the response of avocado seedlings
to different levels of salt stress. The experimental design was structured as a Randomized Complete Design
(RCD) featuring four levels of salt concentration (0, 1.3 dS/m, 2.6 dS/m, and 3.9 dS/m) applied to grafted
avocado seedlings, with three replications for each treatment. The avocado seedlings were cultivated from
Ettinger avocado scions grafted onto Guatemalan race rootstock. The findings reveal that the majority of
the morphological growth parameters, including rootstock diameter, sucker development, and root length,
were significantly (p<0.01) influenced by the level of salt stress. In contrast, tap root diameter and lateral
root length did not show significant (p>0.05) changes due to salt treatment. Notably, with the increase
in salt concentrations from 0 to 3.9 dS/m, both the rootstock and scion diameters significantly decreased,
along with the number of suckers developed on the rootstock. Additionally, significant (p<0.01) differences
were noted in leaf length, bud count, leaf fresh weight and dry weight, leaf area, shoot height, taproot
length, and lateral root length, all of which were significantly reduced as salt concentrations increased.
Furthermore, photosynthesis, transpiration, stomatal conductance, and instantaneous water use efficiency
were significantly impacted by salt concentration, with the highest values recorded at 0 and 1.3 dS/m. In
general, salt concentration at 0 and 1.3 dS/m EC favors most of the growth and physiological performance
of avocado seedlings compared to 2.6 and 3.9 dS/m. Thus, the study revealed that for vigorous growth of
avocado seedlings at an early stage, the quality of irrigation water needs considerable attention to ensure
robust avocado seedling growth.
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1 Introduction

The avocado (Persea americana Mill.) is indigenous
to Mexico and Central America, classified under the
Lauraceae family, and ranks among the most eco-
nomically significant tree crops globally (Silva and
Ledesma, 2014). It offers numerous benefits, espe-
cially regarding its nutritional profile, being abun-
dant in monounsaturated fatty acids (MUFA), dietary
fiber, essential nutrients, and phytochemicals (Ful-

goni et al., 2013). Additionally, it serves as shade
trees, windbreaks, and ornamental plants (Albertin
and Nair, 2004). Over the past century, it has been
introduced to more than 50 countries worldwide,
particularly in sub-tropical and tropical areas, with
Ethiopia recognized as one of the leading avocado
producers in tropical Africa.

Despite Ethiopia’s long history of introduction and
suitable agro-ecological conditions (Wayessa and
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Berhanu, 2010), its distribution remains limited to
a few areas (Derebe et al., 2023; CSA 2014). How-
ever, in the last few years, with the development
of Agro-Industry Parks and the emergence of direct
fruit exports, the expansion to the central, southern,
southwestern, and eastern parts of the country has
improved. The Sidama region in the southern part
of the country is known for its traditional coffee-
enset-fruit-based agroforestry farming system (As-
faw and Lemenih, 2010) and is also where avocado
was first introduced in the country (Derebe et al.,
2023; Megersa and Alemu, 2013).

Environmental stresses represent the primary con-
straints in harnessing the potential of horticultural
crops globally (Celis et al., 2018). Among these
stresses, salinity, temperature, nutrition, light, oxy-
gen availability, and metal ion concentration are
the most critical factors. Salt stress is a signifi-
cant adverse environmental factor that affects physi-
ological processes by modifying the osmotic condi-
tions within and surrounding the plant’s environment
(Jouyban, 2012). Elevated salt concentrations in the
external solution of plant cells can lead to various
consequences, which can be categorized into three
distinct types: osmotic drought, toxicity resulting
from excessive chloride and sodium retention, and
nutritional imbalance (Karimi et al., 2005).

To overcome these challenges, developing varieties
that are tolerant to such stress conditions deserves
considerable attention. Breeding for salt-tolerant
varieties can help optimize the productivity of horti-
cultural crops in areas affected by high soil salinity
or saline irrigation water.

Saline irrigation water tolerance is an increasingly
critical trait for avocado rootstocks, given the crop’s
high sensitivity to salt (Grieve et al., 2012). Plants
employ various mechanisms to withstand saline con-
ditions, broadly categorized (Roy et al., 2014) into
three main types. These mechanisms are governed
by long-range signals that inhibit shoot growth, com-
mencing prior to significant Na+ accumulation in
the shoots. The initial mechanism involves ion ex-
clusion, wherein roots restrict the buildup of harm-
ful Na+ and Cl– concentrations in the leaves. The
subsequent mechanism is tissue tolerance, which is
defined by increased salt concentrations in the leaves
that are compartmentalized at both the cellular and

intracellular levels, especially within vacuoles (Celis
et al., 2018; Reints et al., 2020). The toxicity due to
salinity increases Cl- and Na+ concentration. Mick-
elbart et al. (2007) identified that the "relative toler-
ance of the various rootstocks appeared due primar-
ily to their ability to exclude Na+ and Cl- from the
scion." They also reported that rootstock tolerance
ability is indirectly observed from net CO2 assimila-
tion, chlorophyll concentration, and leaf necrosis.

Mild water and salt stress improved intrinsic water
use efficiency (iWUE = A/gs) by (i) decreasing gs
through increased hydraulic resistance and osmotic
adjustment, and (ii) decreasing A due to increased
stomatal limitations rather than decreased photosyn-
thetic capacity, according to Liao et al. (2022).

Furthermore, overall plant growth, net photosyn-
thetic rate (PN), stomatal conductance (gs), transpira-
tion rate (E), water use efficiency (WUE), and chloro-
phyll (chl) content are all significantly impacted by
salinity, as shown by Musyimi et al. (2007). Avo-
cado development and gas exchange are hampered
by high salt concentrations.

Celis et al. (2018) also observed significant leaf burn
in rootstocks grown in salt-treated soils. The occur-
rence of "tip-burn" on leaves in the autumn indicates
excessive chloride uptake, leading to premature leaf
drop during the winter months. Subsequent leaf re-
generation can compromise flowering and fruit set,
contributing to persistently low yields in certain or-
chards.

Rootstocks exhibit variability in their capacity
to absorb and translocate chloride and sodium.
Guatemalan rootstocks possess an intermediate level
of salinity tolerance. However, comprehensive
research on the comparative salinity tolerance of
various avocado rootstock races remains limited.
Therefore, evaluating the performance of avocado
seedlings at an early developmental stage under vary-
ing salinity concentrations is crucial for determining
the appropriate quality of irrigation water and soil
media utilized in nurseries. In Ethiopia, data re-
garding the response of avocado seedlings to saline
conditions are scarce. Consequently, this study in-
vestigates the morpho-physiological responses of
grafted avocado seedlings to different salinity levels
in the Sidama Region, Southern Ethiopia.
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2 Materials and Methods

2.1 Description of the Study Area

The research was carried out between September
2021 and October 2022 at a site in the Dara dis-
trict of Tafari-Kella, situated in the Sidama National
Regional State (see Fig 1). This location is approx-
imately 350 kilometers south of Addis Ababa, at

an elevation of 1850 meters above sea level, posi-
tioned at a latitude of 6°30’0"N and a longitude of
38°24’0"E. The area receives an average annual rain-
fall of 1700 millimeters and has a typical temperature
of 27 degrees Celsius. The prevalent agricultural sys-
tem is characterized by coffee fruit cultivation, with
avocado being the primary fruit crop.

Figure 1. Map of the study area (Dara district Tafari- Kella kebele Sidama National Reginal State, Ethiopia)

2.2 Experimental Materials and Treatments

The avocado seedlings used as experimental material
were obtained from Ethinger avocado scion grafted
on Guatemalan race rootstock. The salt treatments
were prepared from dissolved salt (NaCl) (Table 1)

concentrations (1.3, 2.6, and 3.9 dS/m) dissolved in
distilled water in separate containers to attain the
respective salt concentration based on the following
formula: Water Salinity in ECw (dS/m) x 640 = TDS
(mg/l)

Table 1. List of salt treatment and its formulation from NaCl

Treatment Salt level ds/m (ECw) TDs (mg/l) TDs (g/l)

1 0 ds/m 0 NaCl mg/l 0g/l
2 1.3ds/m 1.3x640 NaCl mg/l=832 mg/l 0.832g/l
3 2.6ds/m 2.6x640 NaCl mg/l=1664 NaCl mg/l 1.664g/l
4 3.9ds/m 3.9x640 NaCl mg/l=2496 mg/l 2.496g/l

PWhere: ECw=electrical conductivity of water, dS/m= deciSiemens per meter,
P mg/L=milligrams per liter and TDs=total dissolved salt
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2.3 The Climatic Conditions of shade house

The maximum and minimum air temperatures for
the shaded house were documented on five chosen
days throughout the experimental period, utilizing
the temperature and relative humidity data logger
known as "testo". In that case, it was hung close to
the seedling canopy. Accordingly, the mean max-
imum and minimum air temperature in the shade
house was 11.7°C and 32.4°C, with a mean min-
imum and maximum relative humidity of 44.90%
and 99.00%, respectively, at the time of the experi-
ment.

2.4 Experimental Design

The experiment was carried out in a plastic shade
using pots measuring 16 x 20 cm, which were filled
with a composite soil made up of a 3:2:1 ratio of
topsoil, compost, and sand, respectively. The study
employed a Completely Randomised Design (CRD)
with three replications. Each experimental unit con-
sisted of four pots for each plot.

The four levels of salt treatments (0, 1.3, 2.6, and
3.9 dS/m) were applied after grafting throughout the
growth period in the nursery. The treatments were
applied once a week, while the pots were irrigated
at two-day intervals throughout the experimental pe-
riod to ensure available water in the root zone.

2.5 Data Collection

2.5.1 Characteristics of the Experimental Soil

A soil sample was taken from the mixed soil that was
ready for planting in order to ascertain the physico-
chemical characteristics of the soil utilized for the
experiment. Prior to laboratory analysis, the com-
posite sample was dried and pulverized until it could
fit through a 0.2 mm sieve. Following routine proto-
cols at the Hawassa soil laboratory, the samples were
examined for study-relevant parameters such pH, tex-
ture class, organic carbon, total nitrogen, accessible
phosphorus, CEC, FC, and EC (Table 1).

2.5.2 Growth and morphological data

Growth and morphological data were collected from
the aerial parts of the plant, such as rootstock diame-
ter, number of suckers, scion diameter, leaf number,
number of buds on scion, leaf length, grafted success,

rootstock diameter, stem diameter, plant height, and
scion diameter. The root system morphology was
assessed by measuring root length and tap root diam-
eter. Plant biomass was determined by quantifying
leaf fresh weight, stem fresh weight, leaf dry weight,
and root dry weight (all expressed in grams), as well
as leaf area (cm2). Total fresh and dry weights were
also recorded. All data were collected according to
established methodologies, as detailed by Ndoro et
al. (2018).

2.5.3 Stomata anatomy

One hundred twenty days after the therapy was ad-
ministered, stomata anatomy was measured using
the method suggested by Xu and Zhou (2008). An
Automated Upright Leica Microscope DM5000 B
with a 40x magnification lens fixed with a digital
Leica DFC425/DFC425C image processing camera
was used to investigate the stomata print. Stomata
number (per mm2), stomata cell number (per mm2),
stomata opening (µm), and stomata length (µm)
were measured for every sample.

2.5.4 Gas exchange and physiological parameters

The third young and completely developed leaves
of three randomly chosen seedlings were used to
measure the following parameters: photosynthesis
(A, µmol m−2 s−1), transpiration rate (E), stomatal
conductance (gs), and water usage efficiency. These
measurements were made using a CIRAS-3 portable
photosynthetic system (CIRAS-3 PP System Inc.,
Lincoln, NE, USA). The measurements were made
45 days after the completely grown, intact leaves
were subjected to the actual moisture treatment.

A leaf surface area of 6.25 cm2, ambient CO2 con-
centration of 386 µmol mol−1, leaf chamber mass
flow rate of 251 µmol s−1, atmospheric pressure of
840 bar, and manually fixed photosynthetic active
radiation (PAR) at 600 µmol m−2 s−1 were all main-
tained during the measurements, which took place
between 9:30 AM and 12:30 PM.

2.6 Statistical Analysis

ANOVA was performed on all morphological and
physiological data in accordance with the General
Linear Model (GLM) standard approach (Gomez
and Gomez, 1984). SAS version 9.0 was used to
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conduct statistical analyses (SAS, 2008). Fisher’s
Least Significant Difference (LSD) test was used to
differentiate treatment means at the 0.05 probability
level.

3 Results and Discussions

3.1 Physico-Chemical Properties of the Experi-
mental Soil

The physicochemical properties of the soil sampled
from the experimental site are presented in Table 2.

The results indicated that the soil has a sandy loam
texture, with 75% sand, 20% silt, and 5% clay (Clin-
gensmith et al., 2022). Additionally, the soil has a
medium CEC (33 Meq/100g soil), low EC (0.012
dS/m), 3.47% organic carbon, 10.8 ppm available
phosphorus, and a slightly acidic pH of 6.5. These
characteristics describe the composition of the soil
media used for the pot experiment.

Table 2. Physico-chemical characteristics of the soils media composition used in the pot experiment

Soil properties Values obtained

Sand% 75
Silt% 20
Clay% 5
Textural class Loam sandy
pH 6.4
Organic Carbon (%) 3.56
Total Nitrogen (%) 0.19
Available Phosphorus (ppm) 10.9
Field Capacity (FC=v/v %) 31.72
CEC (meq/100g soil) 33
EC(ds/m) 0.012

3.2 Effect of salinity level on growth and Mor-
phology of avocado seedlings

Salt stress levels had a statistically significant
(p<0.05) impact on rootstock diameter and the num-
ber of suckers that grew on the rootstock, according
to analysis of variance. Scion diameter, however,
was not significantly impacted.

The rootstock diameter was significantly reduced as
the concentration of salinity increased. Previous re-
ports have confirmed that avocado plants subjected
to higher concentrations of soil salinity experience
significantly reduced vegetative growth compared
to control conditions (Celis et al., 2018). The max-
imum rootstock diameter (5.9 mm) was recorded
from the control (0 dS/m) salt concentration, which
was 21% greater than the treatment receiving the
maximum salt concentration (3.9 dS/m).

On the other hand, the maximum number of suck-
ers developed at the maximum salt stress level (3.9
dS/m), which was 70% more than the number of
suckers developed on the control treatment (Table 3).
This may be due to increased metabolic activity in
the rootstock part compared to the scion part, as ob-
served in similar studies by Rana and Bhatia (2004)
and Lazare et al. (2021), in which a wide range of
rootstock responses to salinity, including changes in
circumference/diameter, were reported.

Consistent with these findings, Vazifeshenas et al.
(2009) also reported that the number of suckers
grown in pomegranate varied based on the geno-
type. Nevertheless, Table 3 shows that there was no
discernible difference in scion diameter between the
various salinity levels.
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Table 3. Morphological Response of avocado seedlings to different salinity levels

Treatment Salinity level (ds/m) Rootstock diameter (mm) Scion diameter (mm) No sucker growth (np−1)

Control 5.9a 5.8 0.6c

1.3 5.4b 5.5 1.0b

2.6 4.7c 5.2 1.5ab
3.9 4.3c 5.0 2.0a

LSD (p<0.05) 0.3 ns 0.7
CV (%) 3.94 8.72 29.5
P=value 0.006 0.31 0.01

Means with different letter with in the same column are significantly different at (p<.05)

3.3 Bud Number, Leave Number and Leaf
length

The number of new buds, leaves, and leaf length
developed per avocado scion were significantly influ-
enced by the concentration of salinity (Table 4). The
highest number of new buds per scion (3.06) was
recorded from plants treated with 1.3 dS/m salin-
ity level, while the minimum number of new buds
(1.6) was recorded from plants receiving 3.9 dS/m
(Table 4). As the salinity concentration increased,
the number of new buds developed per scion was
significantly reduced.

Salt concentration also significantly influenced the
number of leaves developed on avocado scions.
Plants exposed to 1.3 dS/m salinity level produced
the highest number of leaves per scion, compared to
those exposed to 3.9 dS/m salt concentration.

Similarly, different levels of salinity concentration in
the growing media significantly influenced the leaf
length per avocado scion. The longest leaf lengths

of 5.4 cm and 5.3 cm were recorded from plants
subjected to 1.3 dS/m and the control (0 dS/m), re-
spectively (Table 4), while the minimum leaf length
(2.3 cm) was recorded from plants subjected to 3.9
dS/m (Table 4). This suggests that as the salt con-
centration increased in the growing media, most of
the growth parameters were significantly reduced.

The highest numbers of leaves were recorded from
the 0 and 1.3 dS/m treatments, while the lowest num-
bers of buds on the rootstock were recorded from
the rootstock receiving the maximum salt treatment
(Table 3). This could be due to the low water up-
take, leading to decreased stomatal conductance and
other physiological activities, which resulted in re-
duced leaf growth. According to earlier research
(Mandal et al., 2012; Pampanna and Sulikeri, 1995),
the maximum number of leaves may be the result
of photosynthetic accumulation in recently grafted
plants, which in turn boosted the number of nodes
and the leaf primordia’s ability to absorb moisture
and nutrients.

Table 4. Effect of salinity level concentration on morphology of avocado (Guatemalan race) scion after grafted on
seedling rootstock

Avocado (GT) Parameter

Treatment (Salinity level (ds/m) Number of bud (np−1) Leaf number (p−1) Leave length (cm)

Control 3.04a 5.20ab 5.36a

1.3 3.06a 5.70a 5.40a

2.6 2.25b 4.30b 3.86b

3.9 1.67c 1.83C 2.10b

LSD (p<0.05) 0.76 1.37 1.08
CV (%) 11.58 18.14 15.1
p-Value 0.009 0.0001 0.002

Means with different letters within the same column are significantly different at (p≤0.05)
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3.4 Stem diameter, plant height, scion diameter,
and graft success

Salinity levels significantly impacted stem diame-
ter, plant height, scion diameter, and grafted success
percentage on the rootstock (p < 0.05). Plant height
exhibited a significant negative correlation with in-
creasing salinity concentration.

The 1.3 dS/m salt concentration produced the tallest
plants (22.6 cm), followed by the control (0 dS/m)
and 2.6 dS/m salinities (21.2 cm and 20.33 cm, re-
spectively) (Table 5). The lowest plant height (18.33
cm) was recorded from seedlings that received the
maximum salt concentration (3.9 dS/m). These re-
sults indicate that excess salt concentration poses
adverse effects on plant growth and development.

Previous studies have revealed that plant growth is
sensitive to saline conditions, and the level of sen-
sitivity varies based on the species in higher plants
(Bernstein et al., 2001). Avocado plants exposed to
higher soil salinity levels also demonstrated a sig-
nificant decrease in plant height, as confirmed by
Berkessa (2020) and Bernstein et al. (2004). This
could be due to a variety of physiological reactions,
including altered ion balance, altered water status
(water potential) both inside and outside the plant

cell, mineral nutrition processes, and other aberrant
metabolic processes.

Salinity-induced reductions in plant height are cor-
related with the accumulation of reactive oxygen
species (ROS), which, at elevated concentrations,
can be detrimental due to their high reactivity and
potential to induce destructive processes and cellular
damage (Kesawat et al., 2023). Prior research has
established the role of rootstocks in modulating salt
tolerance in grafted fruit trees, including avocado
(Cooper, 1951; Haas, 1950). Concordantly, scion
leaf production in avocado is inversely related to
salinity levels (Oster and Arpaia, 1992), with the
magnitude of growth reduction under stress varying
among different rootstocks.

The effect of salinity was also observed on grafted
success, where the highest grafted success (99.67%)
was recorded from the control (0 dS/m), and 99.3%
graft success was from 1.3 dS/m, followed by 43.3%
and 25% graft success at 2.6 dS/m and 3.9 dS/m
salinity levels, respectively (Table 4). Similar re-
ports by Sibole et al. (2003) have revealed that plants
subjected to salt stress decrease in growth, as it is di-
rectly associated with a reduction in photosynthetic
capacity.

Table 5. Effect of salinity level concentration on morphology of avocado (Guatemalan race) scion after grafted on
seedlings rootstock

Treatment Parameter
salinity level ds/m Stem diameter (mm) Plant height (cm) Scion length (cm) Grafted success (%)

Control 21.3 21.1ab 11.6a 99.6a

1.3 22.0 22.6a 11.6a 99.3a

2.6 21.1 20.3ab 8.5b 43.3b

3.9 20.0 18.3b 7.9c 25.0c

LSD (p<O.05) 3.3 2.6 0.7 1.2
CV (%) 8.9 7.5 9.61 2.8
P Value 0.1623 0.0194 0.0002 0.0019

3.5 Sucker development, Scion diameter and
rootstock diameter

The highest scion diameter of 2.1 mm was recorded
from the treatment that received 0 dS/m salt, and
the minimum scion diameter was recorded in the
3.9 dS/m salt-treated seedling (Table 6). The plants
that were treated with 3.9 dS/m salt had the most

suckers (1.9 per plant), while the plants treated with
0 dS/m salt had the fewest suckers. This may be due
to the increased metabolic activity in the rootstock as
a result of stress hormone development under high
salt concentration, which enhances the metabolic
activities of stored food in the rootstock part.

The current results are consistent with those of Cas-
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tro et al. (2009), Bhatia and Kumar (2011), and
Rana and Bhatia (2004), who noted that rootstock
diameter increased in response to salt stress. Con-
versely, Bonomelli et al. (2018) reported stimulated
vegetative growth in avocado trees under low salin-
ity conditions in Mexican plants, attributing this to

enhanced cellular growth and increased cell number
via osmoregulation. This observation is further sup-
ported by Penella et al. (2016), who demonstrated
that salt stress significantly inhibited plant growth,
resulting in a 40.6% reduction in leaf dry weight
compared to control conditions.

Table 6. Effect of salinity concentration on morphology of avocado (Guatemalan race) after grafted on seedling
rootstock

Avocado (GT) Parameter

Treatment Salinity level (ds/m) Average sucker growth (np−1) Scion diameter (mm) Rootstock diameter (mm)

Control 1.10b 2.17a 20.80ab
1.3 1.16b 2.16a 22.00a

2.6 1.86a 1.60ab 16.00b

3.9 1.96a 1.45b 15.33c

LSD (p≤0.05) 0.5 0.59 1.6
CV (%) 17.85 16.2 4.58
P-Value 0.0145 0.0513 0.0001

Means with different letter with in the same column are significantly different at (p≤0.05)

3.6 Root number, Root length, and Tap and Lat-
eral diameter

Among the root parameters considered, root num-
ber per plant was significantly (p<0.05) affected by
salinity. However, root length, tap root diameter, and
lateral root diameter were not significantly affected
due to salt treatments (Table 7).

The control treatment had the greatest number of
roots per plant (22.4), while the lowest number (9.9)
was found at 3.9 dS/m. Additionally, it was noted
that when saline levels rose, fewer roots were found

(Table 7). Aydinsakir et al. (2015) also reported a
similar outcome.

While root length, tap root diameter, and lateral root
diameter did not exhibit statistically significant dif-
ferences (p>0.05), root length showed an 18.9% in-
crease, rising from 3.74 to 5.48 cm, with an increase
in salt concentration from 0 to 3.9 dS/m. Conversely,
tap root and lateral root diameters decreased from
4.9 to 3.9 mm and from 1.09 to 0.65 mm, respec-
tively, as salt concentration increased from 0 to 3.9
dS/m (Table 7).

Table 7. Effect of salinity level solutions on root of avocado seedlings rootstock (Guatemalan race)

Treatment Parameter
Salinity level (ds/m) Root number Root length (cm) Taproot diameter (mm) Lateral root diameter (mm)

Control 22.44a 3.74 4.94 1.09
1.3 16.11b 4.15 4.20 1.00
2.6 11.33b 4.44 4.40 0.77
3.9 9.97b 5.48 3.90 0.65

LSD (p≤0.05) 6.3 Ns ns Ns
CV (%) 22.47 17.13 17.3 26.6
P-Value 0.0074 0.18 0.4 0.15

Means with different letter within the same column are significantly different at (p≤0.05)
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Since roots are in close touch with the soil and take
up water from it, while shoots provide water to the
plant’s aerial parts, it is well recognized that plant
height and root length are the most significant salin-
ity characteristics (Jamil and Rha, 2004). Usually,
the main reaction to stress is the suppression of shoot
and root development. Salinity has an impact on the
growth, morphology, anatomy, and physiology of
roots. Plant development may be affected by modi-
fications in the roots’ intake of water and ions, the
synthesis of hormone signals that inform the shoot,
and shifts in expression patterns (Bernstein et al.
2013).

3.7 Root, Leaf and Stem Fresh and Dry weight

Root fresh and dry weights were not substantially
affected by salinity (Table 8). However, the fresh
and dry weights of the leaves and stems varied sig-
nificantly (p<0.05) as a result of the salt treatments.

Maximum leaf fresh (3.87 g) and dry (1.93 g)
weights were observed at a salinity level of 1.3 dS/m,
while minimum leaf fresh (0.63 g) and dry (0.23
g) weights were recorded at 3.9 dS/m.Stem fresh
(7.24 g) and dry (3.62 g) weights were highest at 0
dS/m. The lowest stem fresh (3.57 g) and dry (1.82

g) weights were recorded at 3.9 dS/m, representing
a decrease of 40% and 33%, respectively, as salinity
increased from 0 to 3.9 dS/m (Table 8).

The findings suggest that excessive salinity may hin-
der growth by delaying the plant’s absorption of wa-
ter, which could be the cause of the decline (Werner
and Finkelstein, 1995). According to Neumann
(1997), salinity can quickly impede stem growth
and, consequently, the ability to absorb water and
vital mineral nutrients from the soil.

Similar results were reported by Dolo (2018), who
found that salt stress dramatically reduces the fresh
and dry weights of leaves as well as the dry weights
of roots and stems. Similarly, Musyimi et al. (2007)
found that high saline concentrations significantly
decreased the fresh and dry weight production of
both shoots and roots. The reduction in leaf number
and the formation of smaller leaves as a result of the
growth medium’s increased salinity were cited as the
causes of the drop in leaf fresh weight. The fresh
weight of the roots, aerial parts (leaves and stems),
and the total plant in control treatments (leaf fresh
weight and stem fresh weight) were consistently and
considerably higher than those that received saline
irrigation, according to Bonomelli et al. (2018).

Table 8. Effect of salinity level solutions on fresh weight (shoot and root) of avocado seedlings rootstock (Guatemalan
race)

Treatment Salinity (ds/m) Parameter
Root fresh Root Dry Leave fresh Leaf dry Stem fresh Stem dry
weight weight weight weight weight weight
(g plant−1) (g plant−1) (g plant−1) (g plant−1) (g plant−1) (g plant−1)

Control 5.48 2.76 2.86b 1.46b 7.24a 3.62a

1.3 4.44 2.57 3.87a 1.93a 6.69a 3.33ab
2.6 4.15 1.93 0.67c 0.29c 3.92b 1.92b

3.9 3.74 1.75 0.63c 0.23c 3.57b 1.82b

LSD (p≤0.05) Ns NS 0.21 0.55 2.06 1.541
CV (%) 19.18 21.98 13.80 23.56 23.08 22.21
P-value 0.1826 0.09 0.0001 0.001 0.022 0.009

Means with different letter within the same column are significantly different at (p<0.05)

3.8 Leaf Area, Total Fresh weight and Total dry
weight

Salt stress had a substantial impact on leaf area, total
fresh weight, and total dry weight (p < 0.05). At a

salinity level of 0 dS/m, the largest leaf area mea-
sured was 874.29 cm2, and at 3.9 dS/m, the smallest
leaf area measured was 159.19 cm² (Table 9). As
salinity levels increased, leaf area showed a decrease
of approximately 81.8%, dropping from 0 to 3.9
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dS/m.

High salinity inhibits cell elongation in actively
growing tissues, which in turn affects leaf area and
dry matter assimilation in the plant. This is the rea-
son for the decrease in leaf area that occurs when
salinity levels rise (Aydinsakir et al., 2015; Hasanuz-
zaman et al., 2013).

In parallel, the highest total fresh weight was ob-
served at 15.59 g and the highest dry weight at 7.85
g at the control level (0 dS/m). Conversely, the low-
est total fresh weight (7.63 g) and dry weight (3.63
g) were noted at the maximum salt stress level of
3.9 dS/m. Similarly, Bonomelli et al. (2018) re-
ported that cumulative leaf area, fresh weight, and
dry weight increase as the level of salt stress de-
creases.

Table 9. Effect of salinity level solutions on total leaf area, fresh and dry weight of avocado seedlings rootstock
(Guatemalan race)

Treatments salinity level (ds/m) Leaf area (cm2) Total fresh weight (g plant−1) Total dry weight (g plant−1)

Control 874.29a 15.59a 7.85a

1.3 608.70b 15.08a 7.83a

2.6 214.82c 8.02b 3.83b

3.9 159.19c 7.63b 3.69b

LSD (p≤0.05) 185.3 4.2 4.02
CV (%) 21.2 19.3 17.9
P value 0.013 0.03 0.01

Means with different letter with in the same column are significantly different at (p≤0.05)

3.9 Stomata number, length and width

Levels of salt stress had a substantial (p<0.05) im-
pact on stomata number, length, and width. While
the maximum stomata length (0.35 mm) and width
(0.32 mm) were observed at 1.3 dS/m, which were
statistically equivalent to 0 dS/m, the greatest stom-
ata number (22/mm2) was reported at 0 dS/m.

The majority of the stomata metrics, such as stomata
number, length, and width, reduced by 25%, 23.6%,
and 13.3%, respectively, when the salt concentration

rose from 0 to 3.9 dS/m (Table 10). Aydinsakir et
al. (2015) also reported similar findings, indicating
that the number of stomata dropped as saline levels
increased.

Water and salt stress decreased stomatal length (SL),
width, perimeter, and area (amax), as well as stom-
atal density (SD), according to similar findings re-
ported by Xue et al. (2021). Guo et al. (2018) found
that salt stress significantly reduced the stomatal den-
sity, stomatal width, stomatal area, and stomatal area
index in tomato cultivars.

Table 10. Physiological Response of seedling avocado rootstocks to different salinity level

Treatment Salinity level (ds/m) Stomata number (per mm2) Stomata length (µm) Stomata Width (µm)

0 22.0a 0.34a 0.28ab
1.3 18.6b 0.35a 0.32a

2.6 15.3c 0.24b 0.22b

3.9 13.6c 0.21c 0.21b

LSD (p≤0.05) 2.1 0.08 4.13
CV (%) 6.46 15.73 8.61
P value 0.0001 0.008 0.002

Means with different letter within the same column are significantly different at (p≤0.05)
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3.10 Photosynthesis, Transpiration, Stomata conductance and Instantaneous water use efficiency
(IWI)

Salt treatments had a substantial (P<0.05) impact
on physiological measures like photosynthetic rate,
transpiration, gas exchange (gs), and water use effi-
ciency (Table 11). As the salt level rose from 0 to
3.9 dS/m, the transpiration rate decreased by 60%;
Aydinsakir et al. (2015) found a similar finding.

Similarly, when salt levels rose from 0 to 3.9 dS/m,
the photosynthetic rate dropped by 51.8%. Addition-
ally, Hnilickova et al. (2021) revealed that stomatal
conductance decreased concurrently with an increase
in CO2 absorption when the concentration of NaCl
reached 100 mM (A). Stomatal closure (gas) and/or
other non-stomatal constraints, such as disruption of
the photosynthetic electron chain and inhibition of
Calvin cycle enzymes, can cause the rate of photo-
synthesis to decrease (Chaves et al., 2009). While
proper control of the photosynthetic process can re-
duce the generation of reactive oxygen species (ROS)
in photosystem II (PS2) and the reducing side of
photosystem I (PS1), a decrease in gas exchange can
assist prevent excessive water loss through transpira-
tion (Asada, 1999).

Similarly, research by Musyimi et al. (2007) has
demonstrated that in plants treated with salt, a de-
crease in stomatal conductance (gs) is correlated

with a decrease in net photosynthesis brought on by
rising salinity. Although stomatal conductance is
the main cause of the decrease in photosynthesis in
salt-treated plants, non-stomatal variables also have
a role (Ashraf, 2002; Netondo et al., 2004). Stomatal
conductance is a more accurate early indication of
salt stress in avocados than studies of leaf water con-
tent, leaf water potential, or other growth indicators,
according to Schaffer and Whiley (2003).

According to Redondo-Gómez et al. (2007), after
six days of treatment, the net photosynthetic rate
(A) dramatically decreased as external salinity in-
creased. According to Guo et al. (2018), the avo-
cado cultivars they utilized in their study showed
slight decreases in net photosynthetic rates (Pn),
stomatal conductance (gs), and transpiration rates
(Tr) under NaCl stress. Similar findings were also
documented in mature avocado trees that were irri-
gated with an EC = 1.5 dS/m salinity level (Acosta-
Rangel et al., 2019). The avocado leaves that were
clearly harmed by the salinity—referred to as par-
tially burned leaves—experienced photoinhibition,
a decrease in photosynthetic rate, and a decrease in
water-use efficiency. These findings suggest that the
poor performance in carbon assimilation contributed
to decreased yield and increased mortality.

Table 11. Response of avocado seedlings rootstock (Guatemalan race) to different physiological growth parameter
under different salinity level

Avocado (GT) Parameter

Treatment salinity level Photosynthesis rate Transpiration rate Stomata conductance IWUE
(ds/m) (µm) (E: mmol/mol) (gs: mmol)

Control 5.40a 3.05a 116.6 2.84a

1.3 4.63ab 2.72ab 110.6 2.75a

2.6 3.96ab 2.26ab 71.6 2.35ab
3.9 2.60b 1.29b 57.6 1.48b

LSD (p≤0.05) 2.2 1.2 61 1.19
CV (%) 23.8 27.7 30.5 23.2
P value 0.04 0.04 0.07 0.05

Means with different letters within the same column are significantly different at (p<0.05)
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4 Conclusion and Recommendation

Ethiopia’s agroecological conditions favor the cul-
tivation of different fruit crops of tropical, subtrop-
ical, and temperate zone origins. Nevertheless, a
variety of biotic and abiotic stress conditions affect
these crops. Salinity is one of the environmental
factors that negatively impacts development, physi-
ology, and yielding potential among abiotic stresses.
The avocado plant is particularly vulnerable to this
kind of stress that is common in subtropical regions.
Nevertheless, the performance of avocado seedlings
under such stress conditions has not been extensively
studied.

The study indicated that salt stress impairs the mor-
phological and physiological performance of grafted
avocado seedlings. As the salinity level increases,
both rootstock and scion diameter, as well as the
grafting success percentage, were substantially de-
creased compared to the salt-free treatment. The
majority of the vegetative development metrics de-
clined as the salt concentration rose from 0 to 3.9
dS/m, with the exception of the number of suckers
on the root section, which exhibits an increasing ten-
dency. The number of buds, number of leaves, length
of leaves, stem diameter, plant height, scion length,
and diameter of the scion and rootstock are some of
these factors.

Both the shoot and root portions of avocado
seedlings produced much less fresh and dry weight
when grown in high saline environments. In com-
parison to the treatments with saline circumstances,
the aerial component (leaves and stems) and under-
ground root parts’ observed fresh and dry weights
were significantly higher in the stress-free treat-
ments.

Avocado seedlings treated with higher salinity lev-
els significantly reduced stomata (number, length,
and width), stomatal conductance, and photosyn-
thetic rate. The control treatment without salt grow-
ing conditions significantly increased all growth and
physiological parameters compared to the salt stress
conditions.

The irrigation water with an EC of <1.3 dS/m pos-
itively affected both vegetative growth and phys-
iological performance, while salinity levels >1.3

dS/m negatively affected most of the morpho-
physiological performance of avocado seedlings.
Therefore, considerable attention should be given
to the irrigation water quality for avocado seedling
production at nursery sites to ensure the development
of vigorous seedlings.
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Akdeniz Univ. Ziraat Fak. Derg. 28(2):77-84.

Berkessa A. J.2020. Salinity and Avocado Produc-
tion, A Review. International Journal of Forestry
and Horticulture (IJFH) 6: 32-38. ISSN No.
(Online) 2454–9487 http://dx.doi.org/10.20431/
2454-9487.0601004. www.arcjournals.org

Bernstein N., Ioffe M and Zilberstaine M. (2001).
Salt-stress effects on avocado rootstock growth.
I. Establishing criteria for determination of shoot
growth sensitivity to the stress. Plant and Soil
233: 1-11.

Bhatia, H. S., & Kumar, J. (2009). Performance of
new apple cultivars on different root stocks un-
der high density plantation. Agricultural Science
Digest 29(4):303-305.

Bonomelli, Claudia, Valentina Celis, Gian Lom-
bardi, and Johanna Mártiz. (2018). "Salt Stress
Effects on Avocado (Persea americana Mill.)
Plants with and without Seaweed Extract (As-
cophyllum nodosum) Application" Agronomy
8, no. 5: 64. https://www.doi.org/10.3390/
agronomy8050064

Castro M. V., Iturrieta R. E. and Fassio C. O. (2009).
Rootstock effect on the tolerance of avocado
plants cv. Hass to NaCl stress. Chilean Jour-
nal of Agricultural Research 69(3): 316-324.

Celis, N., Suarez, D. L., Wu, L., Li, R., Arpaia,
M. L., & Mauk, P. (2018). Salt Tolerance and
Growth of 13 Avocado Rootstocks Related Best
to Chloride Uptake, HortScience horts, 53(12),
1737-1745. Retrieved Jun 23, 2023, from https:
//www.doi.org/10.21273/HORTSCI13198-18

Chaves, M.M.; Flexas, J.; Pinheiro, C. (2009). Pho-
tosynthesis under drought and salt stress: Regu-
lationmechanisms from whole plant to cell. Ann.
Bot. 103, 551–560. [CrossRef] [PubMed]

Clingensmith, C.M. and S. Grunwald. (2022). Pre-
dicting soil properties and interpreting Vis-NIR

models from across continental United States.
Sensors Journal, 22(3187), 1–17. https://www.
doi.org/10.3390/s22093187

CSA (Central Statistical Agency). (2014). Agri-
cultural sample survey. Statistical bulletin, 532,
Addis Ababa, pp 1–124

Cooper, W. C. (1951). Salt tolerance of avocado
on various rootstocks. Tex. Avocado Soc. Yearb.
1951: 24-28.

Derebe D,A, Dema W,M, & Roro G.A. (2023). Im-
pact of waterlogging stress on grafted avocado
(Persea americana) seedlings growth and phys-
iological performance. Cogent Food & Agricul-
ture 9:1, 2261837, https://www.doi.org/10.1080/
23311932.2023.2261837

Dolo J. S. (2018). Effects of Salinity on Growth and
Yield of Rice (Oryza sativa L.) and Development
of Tolerant Genotypes in Kilosa District, Tanza-
nia. A Thesis Submitted Sokoine University of
Agriculture. Morogoro, Tanzania.

Fulgoni VL 3rd , Dreher M, Davenport AJ. (2013).
Avocado consumption is associated with bet-
ter diet quality and nutrient intake, and lower
metabolic syndrome risk in US adults: results
from the National Health and Nutrition Exam-
ination Survey (NHANES) 2001-2008. Nutr
J. Jan 2; 12:1. https://www.doi.org/10.1186/
1475-2891-12-1. PMID: 23282226; PMCID:
PMC3545982.

Gomez, K.A. and Gomez, A.A. (1984). “Statistical
Procedures for Agriculture Research.” New York:
John Wiley and Sons.

Grieve, C.M., Grattan, S.R. & Maas, E.V. (2012).
Plant salt tolerance, p. 405–459. In: W.W. Wal-
lender and K.K. Tanji (eds.). Agricultural salinity
assessment and management. 2nd ed. American
Society of Civil Engineers, Reston, VA

Guo LL, Hao LH, Jia HH, Li F, Zhang XX, Cao
X, Xu M, Zheng YP. (2018). Effects of NaCl
stress on stomatal traits, leaf gas exchange pa-
rameters, and biomass of two tomato cultivars.
Ying Yong Sheng Tai Xue Bao.; 29(12): 3949-
3958. English. https://www.doi.org/10.13287/j.
1001-9332.201812.022. PMID: 30584721.

30 | http://journal.du.edu.et/index.php/ejed

http://dx.doi.org/10.20431/2454-9487.0601004
http://dx.doi.org/10.20431/2454-9487.0601004
www.arcjournals.org
https://www.doi.org/10.3390/agronomy8050064
https://www.doi.org/10.3390/agronomy8050064
https://www.doi.org/10.21273/HORTSCI13198-18
https://www.doi.org/10.21273/HORTSCI13198-18
https://www.doi.org/10.3390/s22093187
https://www.doi.org/10.3390/s22093187
https://www.doi.org/10.1080/23311932.2023.2261837
https://www.doi.org/10.1080/23311932.2023.2261837
https://www.doi.org/10.1186/1475-2891-12-1
https://www.doi.org/10.1186/1475-2891-12-1
https://www.doi.org/10.13287/j.1001-9332.201812.022
https://www.doi.org/10.13287/j.1001-9332.201812.022


MORPHO-PHYSIOLOGICAL RESPONSE OF AVOCADO (PERSEA AMERICANA MILL.) SEEDLINGS TO DIFFERENT SALINITY
LEVELS IN SIDAM NATIONAL REGIONAL STATE, SOUTHERN ETHIOPIA

Haas, A.R.C. (1950). Effect of sodium chloride
on Mexican, Guatemalan and West Indian av-
ocado seedlings. Calif. Avocado Soc. Yearb., 34:
153–160.

Hasanuzzaman M., Nahar K., Fujita M. (2013).
Plant response to salt stress and role of exogenous
protectants to mitigate salt-induced damages. In:
Ahmed P., Azooz M.M., Prasad M.N.V., editors.
Ecophysiology and Responses of Plants under
Salt Stress. Springer; New York, NY, USA:. pp.
25–87.

Hnilickova H, Kraus K, Vachova P, Hnilicka
F. (2021). Salinity Stress Affects Photosyn-
thesis, Malondialdehyde Formation, and Pro-
line Content in Portulaca oleracea L. Plants
(Basel). 10(5): 845. https://www.doi.org/10.
3390/plants10050845. PMID: 33922210; PM-
CID: PMC8145623

Jamil M, Rha ES. (2004). The effect of salinity
(NaCl) on the germination and seedling of sugar
beet (Beta vulgaris L.) and cabbage (Brassica
oleracea capitata L.). Korean Journal of Plant
Research 7:226-232.

Jouyban Z. (2012). The Effects of Salt stress on
plant growth. Tech J Engin & App Sci., 2 (1):
7-10, 2012.

Karimi, G., M. Ghorbanli, H. Heidari, R. Khavari,
and M. Assareh. 2005. The effects of NaCl
on growth, water relations, osmolytes and ion
content in Kochia prostate. Biologia Plantarum,
49:301-304.

Kesawat MS, Satheesh N, Kherawat BS, Kumar
A, Kim HU, Chung SM, Kumar M. (2023).
Regulation of Reactive Oxygen Species dur-
ing Salt Stress in Plants and Their Crosstalk
with Other Signaling Molecules-Current Per-
spectives and Future Directions. Plants (Basel).
Feb 14;12(4):864. https://www.doi.org/10.3390/
plants12040864. PMID: 36840211; PMCID:
PMC9964777.

Kumar S, Li G., Yang J., Huang X., Ji Q, Liu Z,
Ke W, Hou H. (2011). Effect of Salt Stress
on Growth, Physiological Parameters, and Ionic
Concentration of Water Dropwort (Oenanthe ja-
vanica) Cultivars. Front Plant Sci, 2021 Jun

21; 12: 660409. https://www.doi.org/10.3389/
fpls.2021.660409. PMID: 34234795; PMCID:
PMC8256277.

Lazare, S.; Cohen, Y.; Goldshtein, E.; Yermiyahu,
U.; Ben-Gal, A.; Dag, A. (2021). Rootstock-
Dependent Response of Hass Avocado to Salt
Stress. Plants 10:1672. https://doi.org/10.3390/
plants10081672

Liao Q, Gu S, Kang S, Du T, Tong L, Wood JD, Ding
R. Mild. (2022). Water and salt stress improve
water use efficiency by decreasing stomatal con-
ductance via osmotic adjustment in field maize.
Sci Total Environ, 805:150364. https://www.
doi.org/10.1016/j.scitotenv.2021.150364. Epub.
PMID: 34818800.

Mandal, J., Mandal, B.K., Singh, R.R,. and Jaiswal,
U.S. (2012). Effect of grafting height and cul-
tivars on the performance of softwood grafting
in mango. Asian Journal of Horticulture, 2012;
7(1): 171-174

Megersa B. and Alemu D. (2013). The role of avo-
cado production in coffee-based farming systems
of South Western Ethiopia: the case of Jimma
zone. J Agric Sci Appl, 2(2): 86–95.

Mickelbart, M.V., Melser, S. & Arpaia, M.L. (2007)
Salinity-induced changes in ion concentrations of
‘Hass’ avocado trees on three rootstocks. Plant
Nutr. 30: 105 122.

Musyimi, D.M., G.W. Netondo, and G. Ouma.
(2007). Effects of salinity on growth and pho-
tosynthesis of avocado seedlings. Int. J. Bot.
3:78-84.

Ndoro L. L., Anjichi V. E., Letting F. and J. O.
Were. (2018). Effect of Seed Size on Germi-
nation and Seedling Performance on Grafted Av-
ocado. African Journal of Education, Science
and Technology, 4: 4.

Neumann P. (1997). Salinity resistance and plant
growth revisited. Plant, Cell and Environment,
20: 1193-1198.

Netondo, G.W., Onyango, J.C., Beck, E. (2004).
Sorghum and salinity: Gas exchange and chloro-
phyll fluorescence of sorghum under salt stress.
Crop Sci. 44: 806-811.

Ethiopian Journal of Environment and Development | 31

https://www.doi.org/10.3390/plants10050845
https://www.doi.org/10.3390/plants10050845
https://www.doi.org/10.3390/plants12040864
https://www.doi.org/10.3390/plants12040864
https://www.doi.org/10.3389/fpls.2021.660409
https://www.doi.org/10.3389/fpls.2021.660409
https://doi.org/ 10.3390/plants10081672
https://doi.org/ 10.3390/plants10081672
https://www.doi.org/10.1016/j.scitotenv.2021.150364
https://www.doi.org/10.1016/j.scitotenv.2021.150364


Alemu Dessa et al.

Oster, J.D. and M.L. Arpaia. (1992). ‘Hass’ avo-
cado response to salinity as influenced by colo-
nial rootstocks. Proc. 2nd World Avocado Congr.
1: 209–214.

Penella C, Landi M, Guidi L, Nebauer SG, Pellegrini
E, San Bautista A, Remorini D, Nali C, López-
Galarza S, Calatayud A. (2016). Salt-tolerant
rootstock increases yield of pepper under salinity
through the maintenance of photosynthetic perfor-
mance and sinks strength. J Plant Physiol. 2016
Apr 1; 193: 1-11. https://www.doi.org/10.1016/j.
jplph.2016.02.007. Epub PMID: 26918569.

Rana, S. S., & Bhatia, H. S. (2004). Performance of
Vance Delicious apple on different semi dwarfing
rootstocks in Kullu valley. Acta Horticulturae,
662: 265-268

Reints, J, Ariel D, and David C. (2020). “Deal-
ing with Water Scarcity and Salinity: Adop-
tion of Water Efficient Technologies and Man-
agement Practices by California Avocado Grow-
ers” Sustainability, 12, no. 9: 3555. https:
//doi.org/10.3390/su12093555.

Redondo -Go´mez S., Mateos-Naranj. E, A. J. Davy,
Fernandez –Munoz F., E. M. Castellanos M.E.,
Luque T. and Figueroa M. E. (2007). Growth
and Photosynthetic Responses to Salinity of the
Salt-Marsh Shrub Atriplex Portulacoides. An-
nals of Botany, 100: 555–563, https://www.
doi.org/10.1093/aob/mcm119, available online
at https://www.aob.oxfordjournals.org.

Roy, S.J., Negrao, S. & Tester, M. (2014). Salt re-
sistant crop plants. Curr. Opin. Biotechnol. 26:
115-124

Silva A., T., Ledesma, N. (2014). Avocado His-
tory, Biodiversity and Production. In: Nandwani,
D. (eds) Sustainable Horticultural Systems. Sus-
tainable Development and Biodiversity, vol 2.

Springer, Cham. https://www.doi.org/10.1007/
978-3-319-06904-3_8.

SAS Institute Inc. Cray. (2008). “Users Guide.”
Version 9.0. NC. The USA.

Schaffer, B. and A.W. Whiley, (2003). Environmen-
tal regulation of photosynthesis in avocado trees-
Amini-review. Proceedings of the 5th World Av-
ocado Congress (Actas V congreso Mundial del
Aguacate), 2003, Spain, pp: 335-342.

Sibole, J., C. Cabot, C. Poschenrieder, and J. Barcelo.
(2003). Efficient leaf ion partitioning; an overrid-
ing condition for abscisic acid-controlled stom-
atal and leaf growth responses to NaCl saliniza-
tion in two legumes. J. Exp. Bot., 54:2111-2119.

Vazifeshenas, M., M. Khayyat, and S. Jamalian.
(2009). Effect of different scion rootstock com-
binations on vigor, tree size, and yield and fruit
quality on three iranian cultivars of pomegranate.
Acta Hortic. 463:143-152.

Werner JE, Finkelstein RR. (1995). Arabidopsis mu-
tants with reduced response to NaCl and osmotic
stress. Physiologia Plantarum, 93:659-666.

Woyessa G, Berhanu T. (2010). Trends of avocado
(Persea americana M.) production and its Con-
straints in Mana Woreda, Jimma zone: a potential
crop for coffee diversification. Trends Hort Res,
ISSN 1996-0735, https://www.doi.org/10.3923/
thr., 2010.

Xue F, Liu W, Cao H, Song L, Ji S, Tong L, Ding R.
(2021). Stomatal conductance of tomato leaves
is regulated by both abscisic acid and leaf water
potential under combined water and salt stress.
Physiol Plant. 2021 Aug; 172(4): 2070-2078.
https://www.doi.org/10.1111/ppl.13441. Epub.
PMID: 33905534.

32 | http://journal.du.edu.et/index.php/ejed

https://www.doi.org/10.1016/j.jplph.2016.02.007
https://www.doi.org/10.1016/j.jplph.2016.02.007
https://doi.org/10.3390/su12093555
https://doi.org/10.3390/su12093555
https://www.doi.org/10.1093/aob/mcm119
https://www.doi.org/10.1093/aob/mcm119
https://www.aob.oxfordjournals.org
https://www.doi.org/10.1007/978-3-319-06904-3_8
https://www.doi.org/10.1007/978-3-319-06904-3_8
https://www.doi.org/10.3923/thr
https://www.doi.org/10.3923/thr
https://www.doi.org/10.1111/ppl.13441

	1 Introduction
	2 Materials and Methods
	2.1 Description of the Study Area
	2.2 Experimental Materials and Treatments
	2.3 The Climatic Conditions of shade house
	2.4 Experimental Design
	2.5 Data Collection
	2.6 Statistical Analysis

	3 Results and Discussions
	3.1 Physico-Chemical Properties of the Experimental Soil
	3.2 Effect of salinity level on growth and Morphology of avocado seedlings
	3.3 Bud Number, Leave Number and Leaf length
	3.4 Stem diameter, plant height, scion diameter, and graft success
	3.5 Sucker development, Scion diameter and rootstock diameter
	3.6 Root number, Root length, and Tap and Lateral diameter
	3.7 Root, Leaf and Stem Fresh and Dry weight
	3.8 Leaf Area, Total Fresh weight and Total dry weight
	3.9 Stomata number, length and width
	3.10 Photosynthesis, Transpiration, Stomata conductance and Instantaneous water use efficiency (IWI)

	4 Conclusion and Recommendation

