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Abstract
Background and Objective: Water scarcity is one of the major problems faced by countries in arid regions worldwide. Saudi Arabia is an
arid country where water shortage hampers land productivity. This study aimed to investigate the growth of two landscape trees under
different water stress conditions, to establish sustainable windbreaks around irrigated agriculture areas and thus improve desert
microclimates. Materials and Methods: A pot study was conducted on two tree species, Salvadora persica and Atriplex halimus, with
four water stress treatments under field conditions, i.e., irrigation at 0% (T-1), 25% (T-2), 50% (T-3) and 75% (T-4) depletion of soil moisture
of field capacity. Groundwater with a total salinity of 1200 mg LG1 was used for irrigation. Data were analyzed statistically by using SAS.
Results: With increasing water stress, the plant height and fresh biomass of Salvadora persica increased, while those of Atriplex halimus
decreased significantly. The protein content of plant tissue in Salvadora persica was the highest under the 75% water stress treatment.
In Salvadora persica, with increasing moisture stress, the K and Ca concentrations increased, while P, Mg and Na concentrations
decreased. In Atriplex halimus, with increasing water stress, the K, Ca, Mg and Na concentrations increased while P and Na concentrations
decreased. Conclusion: Both Salvadora persica and Atriplex halimus (landscape trees) proved to be highly drought-resistant when grown
under water stress conditions. Our results indicated that these two plant species could produce economical biomass yields in arid
environments, when irrigated at 75% soil moisture depletion.
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Recently, Amissah et al.24 evaluated seedlings of 10 tree

INTRODUCTION

species in Ghana, growing under severe drought during the
growing season. Drought resistance of plants and biomass

Water scarcity for sustainable irrigated agriculture is a
major problem in many arid and semi-arid regions of the
world. This problem of water shortage is aggravated by arid
climatic conditions coupled with minimal and scattered
annual rainfall. Plant growth is adversely affected by water
stress1-4. Therefore, it is important to understand the
mechanisms of drought resistance among various plant
species5. Some investigators have reported that the most
important criterion for selecting landscape trees for
sustainable growth is their ability to cope with water stress6-8,
while some investigators have emphasized selecting
drought-resistant plants, which are more suitable for
landscapes in arid climates 9,10.
Liao et al.11 found suppressed growth in Sophora japonica
ʻGolden stemʼ under increasing drought stress with special
reference to the water content of plant leaves. An et al.12
found a significant decrease in water consumption in various
plant species under increasing drought stress, especially in
Forsythia suspensa, followed by in Periploca sepium and
Syringa oblata. Overall, the growth of shrubs was low under
water stress conditions. However, all the three shrubs proved
to be highly drought-resistant and adaptable to drought
conditions. In a study of three Mediterranean shrubs
(Pittosporum tobira, Callistemon citrinus and Rhamnus
alaternus) Miralles-Crespo et al.13 found high sensitivity for
specific growth rates of C. citrinus, P. tobira and R. alaternus
shrubs subjected to water stress. However, dendrometers
proved to be useful tools for monitoring water stress in plants
under severe climatic conditions. Previously, Nash and
Graves14 reported that among the five tree species they
investigated, only sweet bay magnolia (Magnolia virginiana)
and bald cypress (Taxodium distichum) did well in sites facing
occasional drought and flooded conditions.
The availability of soil water to growing plants depends
on the physical and chemical properties of soil15. Higher
organic matter content improves the physical properties of
soil, such as porosity, water holding capacity and fertility15-18.
However, some studies did not consider original soil
characteristics when comparing growth rates under local
environmental constraints19. Plant growth is also considerably
affected in shallow soils due to high soil temperatures and
poor aeration for root development16,20. Generally, conifer
growth is not possible in soils with high organic matter
content, but proved most drought-resistant21,22. In another
study, Del Campo et al.23 showed that root growth and
development of Aleppo pine (Pinus halepensis Mill.) might be
useful indicators of seedling survival under stress conditions.

production were lower when growing under shade than in the
open. Elfeel and Al-Namo25 found significant growth
variation among various tree species, with growth being
higher for S. persica than for A. tortilis and L. pyrotechnica.
Conversely, survival rate was much higher for A. tortilis and

L. pyrotechnica than for S. persica. Overall, A. tortilis and
L. pyrotechnica showed excellent potential for commercial
production in arid zones.
Saudi Arabia is an arid country with inadequate
groundwater resources (i.e., limited and non-renewable).
Inadequate groundwater is further worsened by the extreme
arid conditions associated with minimal annual rainfall
(<70 mm), especially in the eastern region of the country26.
Therefore, it is essential to conserve and manage the available
irrigation supplies, based on scientifically supportable data,
not only to sustain irrigated agriculture but also to improve
micro-climatic conditions for landscape development.
Therefore, the objective of this study was to evaluate the
effects of water stress on the growth of landscape trees under
the climatic conditions characteristic of the Al-Ahsa Oasis.
MATERIALS AND METHODS
The study was conducted in 2015 at the Agricultural and
Veterinary Training and Research Station, King Faisal
University, Hofuf Al-Ahsa, Saudi Arabia.
The experimental treatments were as follows:
C

Landscape trees

= 2 tree species (Salvadora

C

Irrigation treatments

= 4 water applications at: 0%

persica, Atriplex halimus)
(T-1), 25% (T-2), 50% (T-3) and
75% (T-4) of field capacity of
soil
C
C
C

Irrigation water quality = 1 water salinity (1200 mg LG1)
Replications
= 3
Total number of pots = 2×4×1×3 = 24

Statistical experimental design: A completely randomized
design was used.
Preparation of pots: Sandy soil was collected from the
research station, air-dried and passed through a 2 mm sieve
before filling the experimental pots. Each pot was filled with
85 kg of soil based on the basin size (40×40×40 cm 3).
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The total salinity of saturated soil paste was 1.4 dS mG1
and the Sodium Adsorption Ratio (SAR) was 2.35. The field
capacity of the soil was 10% water on a weight basis. The total
amount of water for optimum irrigation was 9 L per pot.

they found significant variations in growth among various tree
species, with growth being higher for S. persica than for
A. tortilis and L. pyrotechnica. In addition, the survival rate of
A. tortilis and L. pyrotechnica were much better than for
S. persica.
The figures in parentheses showed the relative
percentage of plant biomass relative to the control treatment.

Irrigation of trees: The plants were irrigated to bring the soil
moisture level at field capacity. Soil moisture deficit was
monitored by installing tensiometers in each treatment pot.
The readings of tensiometer were recorded before each
irrigation to determine the amount of soil moisture deficit.

Mineral composition of plants: Mean mineral content
(expressed as %) of various minerals among all water
stress treatments ranged 9.01-11.26 (protein), 0.80-0.86 (P),
1.47-1.66 (K), 5.46-6.06 (Ca), 0.58-0.70 (Mg) and
0.120-0.197 (Na) (Table 2). The protein content of plants
decreased to a greater extent in the T-2 and T-3 water stress
treatments than in the T-4 treatment, which showed a
substantial increase with even more water stress; this could
be attributed to the concentration effect (LSD0.05 = 1.524). The
other mineral elements (K and Ca) showed a slight increase in
concentration with increased water stress, while Na, P and Mg
concentrations were not affected. This differential behavior of
plants regarding the uptake of various mineral elements may
be attributed to differences in plant physiological
characteristics under various water stress conditions.

Data statistical analysis: Experimental data were analyzed
statistically using analysis of variance and regression
techniques as described in the SAS Institute 27 Userʼs Guide.
RESULTS AND DISCUSSION

Salvadora persica
Plant

height:

The

mean

plant

height

ranged

169.09-197.89 cm under the various water stress treatments
(Table 1). A significant increase in mean plant height was
observed for the various treatments, relative to the control
treatment (LSD0.05 = 15.593). Although a trend of increase in
plant height was observed when the water stress was
increased from 25-75% (soil moisture depletion at field
capacity), plant height was not significantly different among
the T-2, T-3 and T-4 treatments. From these data, it was
observed that application of water stress did not have any
adverse effects on plant growth or plant height relative to the
existing plant growth conditions.
Fresh biomass yield:

Fresh

biomass

yield

Atriplex halimus
Plant height: Mean plant height ranged 191.27-225.19 cm
under various water stress treatments (Table 3). There was a
significant reduction in mean plant height with increasing
water stress relative to the control treatment (LSD0.05 = 20.153).
Mean plant height showed a significant difference between
treatments T-1 and T-4. In addition, the difference in plant

ranged

Table 1: Effect of water stress on different plant growth parameters
Water stress
Mean plant
Fresh biomass
(Depletion%)
height (cm)
(kg plantG1)
0
169.09a
1.60b (100)
2.16ab (135)
25
189.88a
1.81b (113)
50
197.89a
2.72a (170)
75
196.77a
Mean values with the same superscript in a column are not significantly different
at LSD0.05

1.6-2.72 kg plantG1 under various water stress treatments
(Table 1). Mean fresh plant biomass increased significantly
under the various water stress treatments as compared to that
under the control treatment (LSD0.05 = 0.629). Our data
showed that fresh biomass yield was significantly different
between treatments T-2 and T-4 and among treatments T-1,
T-2 and T-3. Survival of plants were also higher under high
water stress conditions. The study results agree with the
findings of Sevik and Cetin28 who observed that plant species
such as Pinus nigra, Cupressus sempervirens and Pinus
brutia proved to be more resistant to water stress than
Cupressus arizonica and Sophora japonica. In addition,
previous studies have reported that conifer tree species
showed more drought resistance under greenhouse
conditions, in organic media29-31. However, the results of
Elfeel and Al-Namo25 are consistent with our results, in that

Table 2: Effect of water stress on chemical composition (%) of Salvadora persica
Treatments
---------------------------------------------------------------------Parameters
T-1
T-2
T-3
T-4
9.21b
9.01b
11.26a
Protein
10.13ab
Phosphorus (P)
0.80a
0.86a
0.85a
0.76a
Potassium (K)
1.65a
1.66a
1.47b
1.50b
Calcium (Ca)
5.46a
5.57a
5.72b
6.06c
Magnesium (Mg)
0.70a
0.58a
0.60a
0.70a
Sodium (Na)
0.197a
0.134b
0.99c
0.120c
Mean values with the same superscript in a column are not significantly different
at LSD0.05
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Table 3: Effect of water stress treatments on mean values of various growth

in physiological characteristics of the two species). Similar
results were reported by Belkheiri and Mulas35, who
investigated the effect of water stress on the growth of
two Atriplex species (i.e., A. halimus and A. nummularia). They
found that water stress decreased the dry weight of both plant
species.

parameters of Atriplex halimus
Treatments
---------------------------------------------------------------Parameters

T-1

T-2

T-3

T-4

Plant height (cm)

225.19a

211.81ab

211.81ab

191.27b

Fresh biomass (kg plantG1)

16.08a

11.00ab

7.03b

8.23b

Mean values with the same superscript in a row are not significantly different at
LSD0.05

Mineral composition of plants: Mean mineral content
(expressed as %) of various elements among all water stress
treatments ranged from 7.88-9.35 (protein), 0.064-0.090 (P),
1.76-2.65 (K), 0.75-1.28 (Ca), 0.59-0.93 (Mg) and 2.19-2.45 (Na)
(Table 4). A decreasing trend in mean protein content was
found with increasing water stress, but the trend was not
significantly different among the various treatments
(LSD0.05 = 1.942). The concentration of mineral elements
(such as K, Ca, Mg and Na) increased in plant tissues in
response to higher water stress, while P slightly decreased and
the Na was not affected.

Table 4: Effect of water stress treatments on chemical composition (%) of

Atriplex halimus
Treatments
--------------------------------------------------------------------Parameters

T-1

T-2

T-3

T-4

Protein

9.35a

8.81a

9.32a

7.88a

Phosphorus (P)

0.090a

0.083a

0.067b

0.064b

Potassium (K)

2.17a

1.76b

2.65a

2.28a

Calcium (Ca)

0.89b

0.75b

1.28a

1.13a

b

b

a

Magnesium (Mg)

0.63

0.59

0.93

0.85a

Sodium (Na)

2.45a

2.22a

2.42a

2.19a

Mean values followed by the same superscript in a row are not significantly
different at LSD0.05

CONCLUSION
height was not significant between treatments T-1 and T-2
and among treatments T-2, T-3 and T-4. Our data indicated
that the plant height was adversely affected under high water
stress treatments, that is, higher than the normal (typical)
irrigation level (control treatment).

This study showed that range plants such as Salvadora
persica and Atriplex halimus produce more biomass under
water stress than when receiving water at typical irrigation
amounts (at 25% moisture depletion at field capacity). This
indicates that these two landscape plants can survive under
high water stress conditions and that they can be grown to
provide shelter belts around irrigated agricultural and
industrial areas and improve agroclimatic conditions in desert
environments. The results of the chemical analysis conducted
in the present study suggest that these two plant species are
highly drought-resistant and can produce economical
biomass yield when irrigated at 75% soil water depletion.

Plant fresh biomass: Mean biomass per plant ranged
7.03-16.08 kg under various water stress treatments (Table 3).
A significant decrease in mean fresh biomass per plant was
observed when the water stress was increased from 25% soil
moisture depletion (normal irrigation) to 75% water stress
level (LSD0.05 = 5.423). In addition, mean biomass yield was
significantly different between treatment T-1 and the higher
water stress treatments (T-3 and T-4). However, the difference
in mean biomass yield was not significant between treatments
T-1 and T-2 or among treatments T-2, T-3 and T-4. It was also
observed that water stress adversely affected plant growth
rate, mainly due to the inadequate supply of irrigation water
when soil moisture depletion was 50% or more. However, the
results of many studies did not agree with our findings, in that
the previous studies found a combined influence of both
the water stress and soil type on the root growth of
plants. For example, seedling growth of Ponderosa pine
(Pinus ponderosa P.) and other landscape trees was reduced
under water stress7-11,13,24,25,32-34 . In contrast, this study found
that the growth of Atriplex halimus increased under
conditions of high water stress. This may be attributed to
different physiological characteristics of plants exposed to
water stress (i.e., the difference might be due to the difference

SIGNIFICANCE STATEMENT
Water scarcity is one of the major problems faced by
countries in arid regions around the world. This study
investigated the growth of two landscape trees (Salvadora
persica and Atriplex halimus) under different water stress
conditions. Plant height and fresh biomass of Salvadora
persica increased, while those of Atriplex halimus decreased,
when subjected to increasing water stress (25-75% depletion
of soil moisture below field capacity). Both Salvadora persica
and Atriplex halimus (landscape trees) proved to be highly
drought-resistant in an arid environment. The results indicate
that these two plant species can produce economical biomass
yields when irrigated at 75% soil water depletion under an arid
environment, important when there is limited water supplied
by irrigation.
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