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Abstract

The selection of tree species resistant to drought, cold, salt and other natural and 
anthropogenic stressors is important for the success of aff orestation processes 
especially when these take place in desert and semi-desert regions of Mongolia. The 
seven woody species (Tamarix ramosissima, Ulmus pumila, Elaeagnus moorcroftii, 
Hippophae rhamnoides, Caragana microphylla, Armeniaca sibirica, Amygdalus 
pedunculata) were grown under four diff erent watering regimes and nine years of 
continuous monitoring conducted on the growth performances. All measured growth 
traits (root collar diameter, stem height, and survival rate) showed signifi cant diff erences 
between treatments and species. The best performance of stem height and root collar 
diameter was observed in T. ramosissima and E. moorcroftii whereas A. pedunculata 
presented be lowest values. Ulmus pumila, E. moorcroftii and T. ramosissima showed 
the highest survival rate compared with all other species. However, control plants 
showed a 0% survival rate in 2016. Date presented here suggest that native species 
are characterized by the best adaptive characteristics compared to non-native species, 
which species are the best candidates to be used for aff orestation processes of desert 
and semi-deserts areas.
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Introduction

Mongolia occupies a large area of 1.565.000 
km2 (52°06’-41°32’N, 87°47’-119°54’E). It could 
be considered to be primarily a mountainous 
country mixed with steppe on average altitude 
of 1580 m above sea level, and with a variation 
obscillating between 533 and 4355 m a.s.l.. 
The relief is very complicated with latitudinal 
climate zones mixed with altitudinal gradients, 
particularly in the West of the country. Mongolia 
is placed in the center of the Asian continent and 
this fact explains its extreme continental climate 

and very low precipitation regime. The absolute 
temperatures vary from -50°C in winter to 40°C 
in summer. The maximum annual precipitation 
is near 250-300 mm in the north, or at elevations 
over 3000 m a.s.l, but it decrease to 100-150 
mm in the south, to a fi nal value of less than 50 
mm normally recorded in the Trans-Altai Gobi 
deserts (Vostokova et al., 1995). Mongolia is 
the termination of Asia’s monsoon climate zone, 
so about 50-70% of overall precipitations occur 
during the summer. Thus, in short the specifi c 
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climatic features of Mongolia are: a) aridity in 
all regions (particularly in southern and western 
regions); b) continental climate with extreme 
period of cold and heat; c) inclusion of the frontier 
between the Siberian taiga coniferous forests and 
the Eurasian steppes. 

Although population has increased rapidly 
over the last century its density is still very low, 
with an overall population of 3.2 million (NSO, 
2019). This fact explains why still less than 1% 
of Mongolia's territory has been converted into 
farmland with a landscape that remains pristine 
(Hilbig, 1995; Vostokova & Gunin, 2005). 
However, an increasing negative environmental 
degradation is rapidly taking place in the country, 
and this fact calls for the implementation of a 
legal and economic national framework which 
puts together the need of facilitate the social 
development with a strict respect of the major 
ecological drivers essential to ensure the protection 
of Mongolia territory. In fact, the primary mid-
term strategies of the Government are timed to 
protect the native characteristics of the country, 
to adapt economic leverage for environmental 
protection, and to increase expenditure aimed 
to rehabilitate a specifi c territory on the basis of 
preliminary ecological and economic assessment 
procedures.

On the basis of the above considerations, 
there is no need to further stress the role played 
by a natural resourse such as water for the 
conservation of Mongolia territory. Therefore, 
the need to manage reasonably the use of this 
natural resource, it requires to understand better 
the relationship existing between plants (taken 
as single individual and/or as plant community) 
and water. Water is a factor essential to enable 
plant’s life and development as it represents both 
a nutrient carrier and an important factor to enable 
the photosynthesis process. Plant productivity 
depeds upon water availability and this explain 
why crop plants need regular irrigation and even 
spraying with water. Water defi ciency in plants 
aff ects negatively a number of vital processes of 
plant metabolism with consequences on yield at 
both qualitative and quantitative level (Olszewska 
et al., 2010). However, when considering water 
stress, it is necessary to consider that this event 
could depend from both an excel or a shortage of 
this resource. (Dąbrowska et al., 2010; Tavarini 
et al., 2011; Chenafi  et al., 2013; Razouk et al., 
2013). At the same extent as water and minerals 

are also important as water for the process of 
photosynthesis. From these considerations 
emerges that more attention should be paid 
to ensure a reasonable and sustainable water 
management which includes attention for water 
management during crop farming (Kang et al., 
2002).

The adoption of a “limited irrigation” 
approach in agro-forestry is based on the fact 
that the level of water available to plants must be 
put in strict relationship with the need to ensure 
a good crop growth. Such approach has become 
more important in recent in years especially in 
places where water resources are limited. Studies 
on the eff ects of limited irrigation show that crop 
yield can be largely maintained at high rate and 
product quality can sometimes be improved while 
substantially reducing the irrigation volume used 
(Li, 1982; Shan, 1983; Fapohunda et al., 1984; 
Sharma et al., 1986; Singh et al., 1991; Zhang 
et al., 1999). Desert plants, like any other plants, 
need water to grow and their survival, which 
are often at risk especially when they grow in 
an arid environment despite these plants present 
often specifi c morphological and physiological 
adaptations aimed to limit water losses for 
transpiration. Desert plants retain moisture in 
their tissues by limiting water loss through their 
leaf epidermis. Many plants accomplish this 
by adapting the size, sheen, or texture of their 
leaves. Small leaves or spines limit the amount 
of surface area exposed to the drying heat and 
in this way they limit their loss of water due to 
transpiration. Acacia erioloba, Faidherbia albida, 
Euclea pseudebenus and Tamarix usneoudes are 
example plants that reduce the leaf surface to limit 
loss of water. Typical adaptations are presence 
of thick cuticles; presence of a pubescence that 
forms a thicker boundary layer on the leaf surface; 
presence of sunken stomata; formation of tissues 
to store succulent (large amounts of water) (Rabas 
& Martin, 2003). In addition to such features 
desert plants develop longer roots to reach the 
groundwater table. Plants absorb water from soil 
through a tension pressure diff erence between the 
water in the soil and the water in the root tissues. 
The pressure required to exude water from the 
leaf is defi ned as the diff erence water potential 
between the leaf and its surrounding atmosphere 
(Savage et al., 1983).

The need to protect Mongolia’s territory from 
desertifi cation explains the attempt undergoing in 
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the last decades to aff orestate arid and semi-arid 
lands (Batkhuu et al., 2013). On the basis of all 
considerations mentioned above, it is clear that the 
selection of species to be used for the aff orestation 
purposes must look primarily to select plant 
species that are tolerant to drought, cold, salt and 
the other natural and anthropogenic stressors. The 
study presented here aims to investigate the growth 
performance of a number of tree species which 
have been selected on the basis of their adaptation 
to grow in arid regions. In particular, objectives 
of this study were: 1) to test the effi  ciency of 
diff erent watering regimes in ensuring the growth 
of selected species; 2) to suggest the adaptation 
of the best tree species as a suitable candidate for 
a successful aff orestation attempt of desert and 
semi-desert areas of Mongolia 

Material and Methods

Experimental site.
The experimental site selected for this 

research was located at the Korea-Mongolia joint 
“Greenbelt” plantation established in Dalanzadgad 
soum, Umnugobi province, 575 km south of 
Ulaanbaatar, Mongolia (Fig. 2). The geographical 
position is at 43˚36’12˝N, 104˚21΄22˝E, with an 
elevation of 1468 m. The area considered to be in 
an arid region with а mean annual temperature of 

4.5°C (mean temperature in July 20°C, in January 
-18°C) and average annual precipitation ranging 
between 100–150 mm. The vegetative season 
usually starts in May or June in coincidence with 
the onset of the summer rains and it ceases at the 
end of September with the fi rst upcoming frost 
events (The National Agency for Meteorology 
and Environmental Monitoring of Mongolia). 
Climate data collected during the research period 
and average precipitation is 123 mm (Fig. 1b). 

The desert region where the experimental site 
is located presents a high level of degradation 
due to the car-traffi  c and livestock grazing 
pressure. The soil is covered by a feather grass-
onion community with pea shrubs and eurotea. 
The percentage of grass covering the region is 
around 69.7% with onions (Allium polyrrhizum, 
A. mongolicum) covering 10% of it, whereas 
5% is covered by feather grass (Stipa gobica, 
S. glareosa) and 34% is covered by Oxytropis 
aciphylla, Convolvulus ammanii, Peganium 
nigellastrum, and annual plants as Artemisia 
pectinata, Chenopodium aristatum, Earagrostis 
minor, Pappophorum borealis (Batkhuu et al., 
2012). Soil is classifi ed as Gobi Brown soil. 
The main characteristics of this soil are: 1) low 
organic content; 2) alkaline soil reaction; 3) stony 
sandy loamy texture; 4) a high carbonate content. 
However, within the experimental fi elds there is 

Figure 1. Inner panel (a) Monthly average air temperature and precipitation vegetation seasons the 2009–2016 
experimental period; (b) Monthly average air temperature and precipitation for the period 2000-2016.
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the distinguished occurrence of soil with variable 
properties in topsoil thickness, presence of stones, 
and carbonate content (Batkhuu et al., 2012).
Experimental design. 

For this experiment we used two-years-old 
seedlings belonging to seven diff erent species: 
(Tamarix ramosissima L., Ulmus pumila L., 
Elaeagnus moorcroftii Wall., Hippophae 
rhamnoides L., Caragana microphylla Lam., 
Armeniaca sibirica L., Amygdalus pedunculata 
Pall.) (Table 1). The seedlings grown in the 
nursery were planted in holes having a size of 
60-70 cm of depth and a diameter of 50-60 cm. 
The holes were fi lled with a mixture of soil and 
fertilizer. At time of transplanting suffi  cient 
irrigation was given to individual trees with 
water emitters (Emitter with CNL Compensating 
Non-Leakage (CNL) Button Dripper) capable of 
delivering 1 gph (4 lt/-1). Emitters were placed at 
a distance of 10 cm from seedling axis. Seedlings 
were irrigated initially until soil stabilization 

and then drip irrigation treatments were applied 
according to four diff erent watering regimes: 
rainfall (control), rainfall+84 mm tree-1 yr-1 (4l/h 
watering rate), rainfall+168 mm tree-1 yr-1 (8l/h 
watering rate), rainfall+252 mm tree-1 yr-1 (12l/h 
watering rate). Total area of experimental site 
measured: 1.75 hectare each plot had a size of 25 
х 25 m. Overall number of plots was 28 with a 4 
m distance between trees. The distance between 
tree rows was of 2 m; 36 seedlings were planted 
in each plot (Fig. 2) (Batkhuu et al., 2013; Ser-
Oddamba, 2012). 
Growth measurement.

The stem growth was measure as: height 
(H), root collar diameter (RCD). Measurements 
were taken at the end of each vegetative season, 
between 2009-2016. Seedling height (cm) was 
measured from the RCD to the tip of the young 
shoot and diameters were measured by using a 
digital Vernier caliper (Bluebird, NA500-200S, 
China) (Thompson and Schultz, 1995) at the base 

Figure 2. Location of the experimental site: a) Nursery site; b) Tree planted of the experimental site design.

Table 1. Tree and shrub species used for the experiments.

Tree species Age
Seedling

Н* DBH* LGT*

Tamarix ramosissima Ledeb. 2 83.63 0.77 34.48

Ulmus pumila L. 2 51.35 0.44 37.15

Caragana microphylla (L.) DC 2 40.92 0.34 35.85

Elaeagnus moorcroftii L. 2 52.13 0.53 33.52

Armeniaca sibirica (L.) Lam 2 85.18 0.37 24.71

Amygdalus pedunculata Pall. 2 37.28 0.56 29.03

Hippophae rhamnoides L. 2 39.43 0.38 21.9
Note: Н*- Average stem height; RCD*- Mean root collar diameter; LGT*- Mean root length;
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of the stem and plant height was measured with 
a ruler (Basic aluminum Staff  TS5-5MD, Korea).
Statistical analysis.

Statistical analysis was computed by using the 
package SAS version 9.4 software (SAS Institute 
Inc., Cary, North Carolina, USA). Two-way 
analysis of variance (ANOVA) with Duncan’s 
multiple range test (DMRT) was used for multiple 
comparisons.

Results

The statistical analysis conducted on our trait 
measurements showed that there were signifi cant 
diff erences between the tree species, treatments, 
and tree species x treatment when for both H and 
RCD were measured over all the duration of the 
experiment (p<0.0001), (Table 2). 

Data shown in Table 3 indicated that the 
seedlings presented a relatively uniform size at the 
time of planting, whereas considerable diff erences 
emerged after eight vegetable seasons with 
highest values when trees and shrubs were treated 
with watering regimes (Table 3). In the control 
seedlings, T. ramosissima preseted the highest H 
value (75.4±2.91 cm) whereas maximum value 
(0.6 cm) of RCD for this tree species was observed 
in 2009 (Table 3). 

In 2016, the highest H values were found in 
plants treated with 12l/h watering regime. In 
particular: H values were 8.6% higher than 4l/h 
whereas RCD was 16% higher in T. ramosissima; 
in E. moorcroftii values were 15.7% for H and of 
6.5% for RCD higher than 4l/h watering regimes. 
Also in A. sibirica and H. rhamnoides values 
increased of 24.1% for H, and of 49.6% for RCD, 
28.8% for H and of 56.4% for RCD under 12l/h 
watering regime comparing than 4l/h, respectively. 
Moreover, during the interval from 2009 to 
2016, T. ramosissima’s height were increased 
by 107% and RCD 154.2% in 12l/h treatment 
and E. moorcroftii’s height were increased by 

228.4% and RCD 410%, and A. sibirica’s height 
were increased by 391.7% and RCD 546.7% 
comparing than 4l/h watering regime. In H. 
rhamnoides’s H increased of 394.9% and RCD 
870%, respectiverly (Table 3). 

In U. pumila, the highest H value was recorded 
in plants undergoing a 4l/h watering regimes in 
2016, with a 6.7% increment of H in respect to 
12l/h. In analogy, also RCD presented an increment 
of 11.7. In the case of U. pumila’s treated with 
4l/h watering regime in the period 2009-2016, we 
observed that H values showed a 154% increase 
in respect to the initial value whereas for RCD the 
increase was of 533.3% (Table 3).

In C. microphylla, the highest H value was 
recorded in 2016 with 8l/h of watering regime 
with a 12.6% increment in respect to 4l/h watering 
regime. In regard of RCD the highest value was 
observed when 4l/h watering regime was applied 
with a 3% increament in respsect to the value 
showed with 12l/h watering regime. Therefore, in 
the case of C. microphylla’s value of H between 
the period 2009 to 2016 increased by 228.4% with 
8l/h treatment whereas RCD increased by 410% 
in 4l/h watering regime.

In A. pedunculata, the highest H values 
were observed in 8 l/h watering regime with an 
increament of 143.1% from 2009 to 2016 whereas 
RCD the increment was of 551.1% (Table 3). In 
our experiment, we made the assumption that the 
infl uence of competing vegetation was considered 
to be of a trascurable level.

At the beginning of experiment (2009), 1008 
seedlings were planted and the survival rate (Table 
4) was 60% at the end of the fi rst vegetative season 
(2009). In spring 2010, all dead seedlings were 
replaced and this fact enabled to obtain an overall 
survival rate of 53.9% after nine vegetative seasons 
(last measurement were completed in September 
2016). The considerable decrease of survival rate 
was correlated to the lowest survival rate of A. 
pedunculata (2.1%). In regard of U. pumila and E. 

Table 2. Repeated measures analysis of variance for transformed heights and RCD from all measurement dates, 
showing sources of variance, degrees of freedom for numerator (DF) and F ratios (F value) and their probabili-

ties (Pr).

Source DF
H (cm) RCD (cm)

F Value Pr>F F Value Pr>F

Treatment 2 17.76 <0.0001 7.68 0.0005

Species 6 108.19 <0.0001 76.94 <0.0001
Treatment*species 10 1.1 0.3577 6.07 <0.0001

 



Ser-Oddamba et al. Eff ect of diff erent watering on growth of trees and shrubs in Gobi Desert60

moorcroftii, our data show that the highest (100%) 
survival rates were always observed in 8l/h and 
4l/h watering regimes. Independently from the 
tree species considered, control plants showed a 
0% survival rate at the end measurements of 2016 
and the lower survival among all the species and 
the watering regime considered were found in A. 
pedunculata. 

Discussion

The growth parameters (H and RCD) measured 
in this work show the occurrence of diff erences 
in the response of the various plant species 
considered to the diff erent watering regimes 
tested. These diff erent responses suggest that it 
exists among the species with diff erent capability 

to adapt to the same experimental condition. The 
quantitative and qualitative variations of the trait 
value measured during the experiment duration 
indicate also that probably the species-specifi c 
adaptation to the experimental condition changes 
with the time. In particular, our work show clearly 
when treated with 12l/h watering regime almost all 
the plant species tested show a very good growth 
performance with the lowest growth performance 
occurring with 4l/h watering regime. Thus, our 
results confi rm the data present in literature 
which indicate that drought is the most important 
limiting factor of plant growth and productivity 
(see aslo Alizadeh et al., 2011; Yassir et al. 2012; 
Hussein & Hussein, 1983; Wahba et al., 1990).

In literature it has been suggested that the 
response of crop tree to water stress and to 

Table 3. Eff ects of treatments (cont, 12 l/h, 8 l/h, 4 l/h) on H and RCD at three measurement dates (by each 
species).

No Species

Height, cm

Control 12 l/h 8 l/h 4 l/h

2009 2016 2009 2016 2009 2016 2009 2016

1 T. ramosissima 75.4±2.91b - 128.8±6.18a 267.5±8.6a 124.9±6.44a 252.6±10.2a 134.5±5.41a 246.3±8.4a

2 U. pumila 29.4±1.96b - 65.74±3.31b 192.2±7.5c 78.27±2.89c 197.1±6.8bc 80.6b±2.9 205.1±6.8b

3 C. microphylla 34.17±2.58b - 39.5±3.13d 144.1±6.4d 47.4±2.18d 155.7±4.6d 53.01d±2.8c 138.2±3.5d

4 E. moorcroftii 58.85±3.71a - 60.4±2.76c 221.6±5.7b 80.9±2.53c 216.3±6.5b 69.6±3.41c 191.4±5.85c

5 A. pedunculata 17±0.0b - - - 31.5±4.2e 76.6±3.8e - -

6 A. sibirica - - 86.25±6.75b 151.3±3.8d 99.4±5.49b 141.9±4.7d 84.6±3.25c 121.9±5.3e

7 H. rhamnoides - - 37.3±1.77d 184.6±4.91c 41.3±2.38de 171.4±6.1cd 37.8±1.86e 143.23±4.8d

No Species

RCD, mm

Control 12 l/h 8 l/h 4 l/h

2009 2016 2009 2016 2009 2016 2009 2016

1 T. ramosissima 0.6±0.03a - 1.29±0.07a 3.28±0.18bc 1.04±0.04a 2.99±0.16b 1.09±0.04a 2.82±0.21b

2 U. pumila 0.28±0.02a - 0.67±0.04bc 5.22±0.23ab 0.69±0.03b 5.1±0.16a 0.9±0.03ab 5.7±0.21a

3 C. microphylla 0.3±0.02a - 0.3±0.03d 2.22±0.24c 0.4±0.02c 2.33±0.14c 0.47±0.02c 2.4±0.14c

4 E. moorcroftii 0.43±0.03a - 0.7±0.04b 4.99±0.17a 0.98±0.04a 5.07±0.28a 1.1±0.26a 4.76±0.23a

5 A. pedunculata 0.2±0.0a - - - 0.43±0.1c 2.8±0.5c - -

6 A. sibirica - - 0.62±0.07bc 4.01±0.18ab 0.68±0.04b 3.28±0.14b 0.68±0.04cb 2.68±0.12c

7 H. rhamnoides - - 0.5±0.03cd 4.85±0.27ab 0.48±0.03c 4.8±0.2a 0.47±0.03c 3.1±0.16bc
Note: Means with diff erent letters are signifi cantly diff erent according to Duncan’s Multiple Range Test (DMRT) at 5% level.

Table 4. Survival rate of species, % (by treatment).

№ Species
Control 12 l/h 8 l/h 4 l/h

2009 2016 2009 2016 2009 2016 2009 2016
1 T. ramosissima 83.3 - 83.3 86 91.7 97.2 100 100
2 U. pumila 13.9 - 75 89 100 100 100 100
3 C. microphylla 75 - 94.4 42 100 80.6 97.2 86.1
4 E. moorcroftii 47.2 - 41.7 94 91.7 100 86.1 100
5 A. pedunculata 2.8 - - - 11.1 8.3 - -
6 A. sibirica - - 22.2 39 88.9 80.6 69.4 72.2
7 H. rhamnoides - - 33.3 75 91.7 83.3 97.2 77.8

Mean 31.74 0 49.99 60.7 82.1 78.6 78.56 76.6
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variations in mineral fertilization depend on 
several factors, including the species specifi ty and 
the tree age. It has been shown that both stresses 
induce an overall decrease of CO2 assimilation 
(Šircelj et al., 2007; Alizadeh et al., 2011; 
Jaroszewska et al., 2011; Xu & Leskovar, 2014) 
with a decrease in the yield due to a reduction 
of photosynthesis intensity. Furthermore, it is 
known that even a small decrease of the water 
content taking place in leaves in consequence of 
water shortage in the soil leads to a strong growth 
inhibition and a consequent decrease in the 
yield (Starck, 2002; Olszewska & Grzegorczyk, 
2013). The data presented here suggest that an 
early morphological response to drought stress 
could be responsible for the onset of a avoidance 
mechanism which aff ects plant growth as 
demonstrated by a measurable reduction of H and 
RCD traits. In fact, the occurrence of a growth 
reduction has been clearly showed here with 
data referring to T. ramosissima, E. moorcroftii, 
A. sibirica and H. rhamdoines. Our results are 
consistent with numerous previous studies, which 
report the same type of response in diff erent plant 
systems (e.g. Amdt et al., 2001; Li, 2000; Yin et 
al., 2004; Zhang et al., 2004).

Diffi  cult to interpret is the fact that U. pumila 
plants show the highest H value in 4l/h watering 
regimes instead of 12l/h as all the other plants 
tested. The indication emerging from this work 
in regard to U. pumila agrees with the suggestion 
advanced by Park (2015) that this plant is tolerant to 
cold-, drought- and burial-stresses. Other authors 
have proved that water use effi  ciency of U. pumila 
increases under water stress condition (Valladares 
et al., 2005). Furthermore, Xu and Zhou (2008) 
showed that an early response to drought stress 
of this plant was a reduction in leaf area and 
plant growth with consequent reduction of their 
transpiration and increase in water use effi  ciency. 
The data obtained by us suggest that 15 days 
watering interval is not enough to induce water 
stress to the in U. pumila seedlings under the non-
fertilized condition when they are transplanted in 
the sand soil. The interpretation is that U. pumila 
seedlings watered every 15 days maintain their 
growth and photosynthetic performance at least 
for one vegetative season without the need of any 
additional nutrient supply.

Seedling survival is a fundamental issue when 
considering an intervention of aff orestation and 
reforestation (Pinto et al., 2011). Some studies 

reported that plant growth and seedling mortality 
were correlated with water and nutrient stress 
(Wei et al., 2017). In our work we also found a 
similar result where seedling survival rate of U. 
pumila increases when we improve the water 
content in the soil.

All the properties mentioned above in regard of 
U. pumila probably explain why this plant seems 
to be particularly adapt to live on arid terrain 
where few other broadleaved trees can survive 
(Shi et al., 2004; Dulamsuren et al., 2005; Park 
et al., 2012). For this reason, it seems reasonable 
to us to candidate this tree species as the most 
idoneous tree to be used for the rehabilitation of 
arid and semi-arid areas, where there is the need 
to combat a danger of desertifi cation advancement 
(Dulamsuren et al., 2004, 2009; Shi et al., 2004; 
Valladares & Sánchez-Gómez, 2006).

Further take-home messages emerge from 
our work as the need to understand preliminarily 
what is the eff ects of watering regimes on plant 
performance when the use of watering regime is 
necessary to support an attempt to rehabilitate 
a land. This type of knowledge is necessary to 
achieve a more effi  cient and sustainable use 
of water in these processes of environmental 
restoration. Moreover, it emerges also that we 
cannot overlook the fact that the response of 
plants to the environmental conditions, especially 
to the water availability, occurs primarily through 
the action of root system. Unfortunately in 
this work we have not examined the response 
of the root system to watering regimes but it is 
clear that if we want a complete understanding 
of their reaction of a plant to diff erent water 
regimes we need to investigate also the response 
of the root system. The probable importance of 
studies concerning the roots emerges in this work 
when we observe an adaptation of plants to the 
experimental conditions during the duration of our 
experiment. An interpretation of this adaptation 
could be based upon the probable response of the 
root system which is known to be characterized 
by a considerable level of plasticity (Grime et al., 
1991; Sun & Chen, 2000).

Conclusion

This long term study at the Dalanzadgad 
soum, Umnugovi province, demonstrated that 
watering regimes aff ect a diff erent level growth 
and survival rate of a number of plant species. 
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In particular, we demonstrate that plant growth 
depends directly upon watering regime used. 
The control plant species survival rate shows 
that only rainfall is not enough to plant growth 
in desert area. Date presented here suggest that 
native species (T. ramosissima, E. moorcroftii, 
U. pumila) are characterized by the interesting 
adaptive properties to water shortage compared 
to other non-native species. All these species 
could be used for aff orestation purposes in desert 
or semi-desert lands. In particular, the better 
suitability of U. pumila to play this role should be 
considered.
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