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Abstract: Ertaa (Calligonum comosum) and Ghada (Haloxylon persicum) are two important
multipurpose indigenous shrubs in the deserts of Saudi Arabia, supplying firewood and fodder
to the local populations. Their environmental benefits in connection with sand dune fixation and
microenvironment improvement are commendable. Due to over-exploitation and habitat destruction,
population of these two shrubs have become severely degraded. This study helps in the development
of the appropriate propagation techniques for their regeneration and evaluates their relative growth rate
under different irrigation schedules. Productivity in the natural population and biological growth under
cultivation were also evaluated. Seeds of Ertaa required no special treatment while the seeds of Ghada
showed higher percentage of germination when soaked in cold water for 1 hour. The seeds of Ghada
are photoblastic, which require adequate light for germination while those of Ertaa are negatively
photoblastic. The growth rate of both species under different irrigation schedule proved that the increase
of irrigation frequency may not proportionally influence the growth rate. The estimated productivity of
natural stands in Saudi Arabia was much less than the productivity of both species from other parts of
the world. The estimated biological growth function under cultivation was found to reasonably match
with the natural growth for both species, indicating that both species are in their initial growth stage.
Keywords: Firewood, propagation techniques, irrigation schedules, productivity, biological growth
rate, deserts, Saudi Arabia.
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INTRODUCTION

In arid lands, plants play a major role in the
productivity and stability of desert environment
(Sankary,1978; Farraj, 1989). The vegetation of
Saudi Arabia harbors quite a small number of tree
species and most of them are indiscriminately
exploited for human needs. Forestation is one
of the methods used for preventing wind caused
soil-erosion and desertification in the sandy
deserts (Kebin, 1989). Indigenous multipurpose
trees are important natural resources which help
arid land populations to combat their major issues
like shortage of food, fodder, fuel and other
problems related to the harsh environmental
conditions (Deborah and Eckman, 1993).

Phog (Calligonum comosum 1’ Her.
POLYGONACEAE) also known as Ertaa in
Arabic and White saxaul (Haloxylon persicum
Bunge CHENOPODIACEAE)(Arabic.”Ghada’)
are two popular psammophytes which are widely
distributed throughout arid regions of Asia and
Africa. Ertaa, glabrous shrub of about 2m height,
have a rigid woody base and very weak green
branch-lets, while Ghada, a large shrub or a
small tree, 3-4m high, have a woody base and
weak pendulous branch-lets. Ertaa and Ghada
form the climax vegetation in the sandy soils of
the borders between the Saharo-Sindian deserts
and the Irano-Turanian steppes, where annual
precipitation does not exceed 150mm (Koller,
1956). Both species are considered as perennial
pastures, important firewood and excellent
binders of shifting sands. They have wide
range of distribution in Saudi Arabia, however
mainly confined to the sandy areas (Fig.1).
Considering the large extent of occurrence,
a fairly good area of occupancy and the large
number of individuals in the population, Ghada

has been regarded at Lower Risk in the Arabian
Peninsula. But the poor natural regeneration,
seedling mortality, unsustainable exploitation,
severe grazing, habitat destruction due to
recreational offroad driving, etc., are expediting
the population decline. Hence this species in
the Arabian Peninsula may be assigned the
IUCN status ‘near threatened’ (Al-Khalifah and
Shanavaskhan, 2007). Natural populations of
these two species are continuously deteriorating in
Saudi Arabia due to anthropogenic interferences
viz. illicit cutting of Ertaa and Ghada shrubs to
meet the growing demand for firewood. Al-
Abdulkader, et al. (2004) revealed that demand
for firewood products was much higher than
the capabilities of the natural vegetation cover,
and the extraction rate is much higher than the
permissible from these meager natural resources.

There is an urgent need to protect
the population of these two important
psammophytes in their natural habitats due to
different reasons, such as their role in controlling
soil erosion, economic uses to mankind, and
the threat caused by human interventions. One of
the recommended methods for this protection
is the development of a vegetation management
system. Regeneration capability, productivity for
sustainable utilization, investigation of water
requirements, estimating the biological growth
and demand of the species concerned are
the important aspects in the formulation of a
vegetation management system.

Analysis of plant growth is an explanatory,
holistic and integrative approach to interpreting
plant form and function (Hunt, ez al. 2002), and
1s an essential step in understanding performance
and productivity of plants (Leister, et al. 1999),
which may reveal different strategies of plants
to survive under stringent conditions (EIl-Lithy,
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et al. 2004). Various parameters have been used
to evaluate growth rate, including measurement
of fresh or dry weight, root to shoot ratio, shoot
number, or shoot length (Li, et al. 1998; Leister, et
al. 1999). The measurement of fresh or dry weight
is destructive and hence large numbers of plants
are required to properly analyze growth. However,
analysis of growth by measuring the area covered
by a plant instead of measuring its weight has
been applied successfully (Smith and Spomer,
1987; Smith, et al. 1989; Motooka, et al. 1991).

Regeneration from seeds of Ertaa was
never observed and appears to be a chancy and
slow process, probably dependent on favorable
circumstances (Vesey-Fitzgerald, 1957). Here,
an attempt has been made to investigate
regeneration, productivity, irrigation requirements
and the biological growth of two important
psammophytes, Ertaa and Ghada from the
sandy deserts of Saudi Arabia for developing
a sustainable vegetation management practice.

MATERIALS AND METHODS

This study was conducted in Qassim,
located in the central part of Saudi Arabia
that falls in the hyperarid zone of the Arabian
Gulf, and is characterized by extreme climatic
conditions in the form of long hot and dry
summers with short cold winters. Fresh seeds
of Ertaa (Calligonum comosum) were collected
in April, 2002, from a few plants in a protected
remnant natural population near Qassim. Seeds
of Ghada were also collected from the natural
population near Qassim in November, 2002.
Fresh seeds were subjected to pre-germination
treatments such as soaking in cold and warm
water for one hour, and acid scarification using
concentrated Sulfuric acid (five minutes) along
with a control without any pre-treatment. Seeds
were then sown in pure sand in containers made
of polysterene and watered daily. Five replicates
of 50 seeds each were used for every treatment.
Data were recorded daily and in the end the results
were tested using the methods of analysis of
variance and least significant differences (LSD)
at 5% probability level (p<0.05), according to
Snedecor and Cochran (1973).

To evaluate the effect of depth of sowing

Ahmed Mohamed Al-Abdulgader, et al.

on seed germination both Ertaa and Ghada seeds
were sown in 30 cm high polystyrene pots filled
with pure sand at different depths 0of 0, 1, 2, 3, 5,
10, 15, 20, 25 cm from the surface and watered
daily. Five replicates with fifty seeds each were
used for every treatment. Seed germination data
were recorded daily for a period of one month.

To find out the relative growth rate of
seedlingsunder greenhouseconditions,40 seedlings
of uniform size of each species were transferred
to polystyrene pots of 30 cm height containing a
mixture of sandy loam, peat moss and perlite in the
ratio 2:1:1 as potting medium. All the pots were
arranged in a completely randomized design (CRD)
with four replicates of 10 pots each were nurtured
in a greenhouse with daily watering for one year.
After three months, three plants from each set were
carefully uprooted and washed. Fresh and dry
weights were taken after surface drying and oven
drying at 70°C for 72 hours. Fresh and dry weights
of the same number of plants were also recorded
after 12 months of growth and relative growth
rates (RGR) were calculated using the formula
(1/w ) (w,-w /t -t ), where w, is the dry weight at
time t , w, is the dry weight at time t, (Hunt, 1978).

For investigating the water requirement
of the two species, an irrigated field plantation
trial was established in which seedlings of
Ghada and Ertaa were planted in a completely
randomized block design (CRBD). The
seedlings in each block were subjected to four
irrigation regimes, viz., once in a week, once in
two weeks, once in three weeks and a control
without watering. In each irrigation regime
watering was given to the field capacity level.
During the course of this experiment, four plants
from each block, representing all the treatments
were tagged randomly for measuring height and
diameter every month. Based on the collected
data, the corresponding volume was calculated
using the formula sr’h. Data collected from
samples after 180 and 360 days were used to
calculate relative growth rate using the formula
(1/v)) (v,-v /t,-t)) where v is the volume at time
t, v, is the volume at time t,. Relative growth
rates were compared by analysis of variance and
least significant differences (LSD) at the 5%
probability level (p<0.05).

Based on the monthly data from the CRBD
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experimental measurements over a period of one
year (Feb. 2004 — Feb. 2005) and the calculated
volume of ‘Ghada’ and ‘Ertaa’ specimens, a
regression analysis was carried out to estimate
the biological growth functions using linear and
non-linear functional forms, viz.. linear, cubic,
quadratic, and power function forms using SPSS
Ver. 14.0 software (2005).

A completely randomized design experiment
(CRD) was developed in five natural populations
of both the species to estimate the productivity in
their natural habitat. Three quadrates of 50x50 m
were marked in each population and number of
individuals of the species within the quadrate was
numbered. Three randomly selected trees were
dug out from each population and their fresh and
dry weights were recorded

RESULTS
Seed Germination

Results of seed germination tests are
presented in Table 1. Fresh seeds of Ertaa
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sown under greenhouse conditions gave a high
percentage of germination without any pre-
germination treatments. However, all other
samples subjected to other pre-germination
treatments responded negatively. In the case
of Ghada, cold water treatment was found to
be productive. Warm water treatment and acid
scarification were found deleterious to both
species, though the latter showed a little effect on
the germination of Ertaa.

Table 1. Pre-germination Treatments on Seeds of
Ertaa and Ghada.

Treatments Percentage of germination
Ertaa Ghada

Control 74.66* + 9.47* 40.00° + 6.36*

Cold water 62.00° + 4.24* 80.00® + 4.24*

Hot water 0P 0

Conc.H SO, 66.00° + 5.25%* 0

LSD P=0.05 13.16 9.6

Numbers followed by the same letter superscript are not
significant, * Standard error

50.00 55.00

30.00

25.00

20.00

60.00 55.00

Fig. 1. Natural distribution Map of Ertaa and Ghada in Saudi Arabia. (Produced by the
GIS unit of Natural Resources and Environmental Research Institute, KACST, based on the
latitude and longitude of recorded distributions in Saudi Arabia).
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Experiment conducted to detect the effect of
burial depth of seeds showed that seeds of
Ghada sown in the minimum depth (0 to I cm)
showed maximum percentage of germination
and those sown below 2 cm seldom germinated
(Fig.2). However, in the case of Ertaa, maximum
percentage of germination was obtained with
seeds sown between 2 and 15 c¢m and all seeds
sown above the soil and below more than 15 cm
failed to germinate.
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Fig. 2. Effect of Depth of Sowing on the
Germination of Ertaa and Ghada..

Table 2. Estimated fresh and dry weights of Frtaa
and Ghada seedlings.

Productivity Estimation

The difference in estimated mean values of
fresh and dry weights of specimens of both the
species from natural populations were minimal,
i.e., about 1 ton ha'! fresh weight and 0.75 ton ha''
dry weight for Ghada and 1.74 ton ha™' fresh weight
and 1.22 ton ha' dry weight for Ertaa (Table 2).

Relative growth rate (RGR) in response to
irrigation frequency

Table 3 shows the effect of irrigation frequency
on the relative growth rate of Ertaa and Ghada.
During seedling stage, under greenhouse conditions,
Ertaa showed significantly higher RGR than Ghada.
Relative growth rate of Ertaa under ‘once in a week
irrigation schedule’ was significantly higher than the
other irrigation regimes. However, once in two and
three week’s irrigation treatments did not show any
significant influence on the RGR, when compared
to control. In Ghada none of these irigation
frequencies produced any significant differences in
the RGR. Analysis of RGR between species under
field condition showed higher growth rate in Ghada
irrespective of irrigation frequencies.

Ertaa Ghada
i *® i *®

Fn?sh Dry weight Popu‘latmn Frffsh Dry weight Popu.latmn

weight (kg/plant) Density weight (kg/plant) Density

{kg/plant) P (Plants/2500m*) {kg/plant) P (Plants/2300m?)
Mean 8.67 6.57 29.00 6.75 4.75 64.00
SE 3.53 2.60 3.03 0.97 0.70 4.70
Max, 18.50 13.50 32.00 10.00 7.00 70.00
Min. 1.50 0.50 25.00 3.50 2.50 55.00

*Population density: number of trees per 2500 m?
Table 3. Relative Growth rate of Ertaa and Ghada against Irrigation.
Ertaa Ghada
Irrigation frequency
Relative growth rate(RGR) Relative growth rate(RGR)

Daily(Seedling) 0.0359* 0.0227
1/a week 0.0561° 009507 **
1/ two weeks 0.0421 0.0906" **
1/ three weeks (.0380° 0.0963* **
Control 0.0392° 0.0948
Lsd p=0.05 0.0167 0.0199

RGR for daily irrigation schedule was based on dry weight (g g' &' ) and weekly schedule was based on velume (mni’d
1}, Numbers followed by the same letter superscript in the same column are not significant;
* Significant at P=0.05; ** significant at p=0.01 based on students t-1est between species.
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Estimation of Biological Growth

The estimated biological growth function
showed a high level of significance at p<0.0001
using the F-test equivalent to 262.98 for Ertaa
and 269.95 for Ghada. In addition, the coefficient
of determination (R?) of Ertaa and Ghada were
found to be equal to about 0.963 and 0.964,
respectively, indicating that time (the independent
variable) explain about 96.3% and 96.4% of the
total variation in volume of Ertaa and Ghada,
respectively. Figures (3) and (4) illustrate the
biological growth functions of Ertaa and Ghada
using the power function form.
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Fig. 3. Estimated Biological Growth Function of
Ertaa using Power Function.
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Fig. 4. Estimated Biological Growth Function of
Ghada using Power Function.

DISCUSSION

Tobe, et al. (2000) have reported a 96%
germination of seeds of Haloxylon persicum
when moistened with de-ionised water under
20°C. The results of the present study also
showed quick germination of seeds without any
special treatment under greenhouse conditions.
Sharma and Sen (1989) have also reported a rapid

germination of seeds of Haloxylon recurvum,
about 75-120 min after initial imbibition and have
indicated it as an adaptive strategy to availability
of water. Germination of seeds of the two species
without any delay rule out dormancy and that
germination is solely dependent on availability of
favourable conditions. These results support the
findings of earlier workers (Koller, 1956; Kumar,
et al. 1996). However, the natural conditions of
their habitats do not favour germination of either
Ertaa or Ghada seeds.

Maximum percentage of germination
obtained under minimal depth of sowing indicates
that seeds of Ghada are photoblastic, they require
adequate light for germination and germinates only
when they are close to or above the soil surface
(Cloudsley-Thompson, 1993). On the other hand,
being a negatively photoblastic species, it was
observed that light inhibits germination of Ertaa
seeds and they need to be covered by sand in order
to germinate. Light, high temperature (>30°C), and
close contact with water are factors that inhibit
germination in Calligonum comosum (Koller, 1956).

Among those stimuli that enhance seed
germination, light inducible seed germination
referred to as photoblastism, has an immense
biological significance. Even under favourable
growth conditions, photoblastism allows the buried
seeds to remain dormant until they are exhumed
(Chung and Pack, 2003). Joel, et al. (2006) have
found that in photoblastic seeds imbibition under
darkness had triggered secondary dormancy in
cacti seeds. The amount of light penetrating the
top layer of the soil is very low and is affected by
a number of factors, like size of the soil particle,
moisture content, particle colour and presence of
organic matter (Tester and Morris, 1987). Based
on different studies regarding the penetration of
light through soil, Reimens (2003) concluded that
physiologically and significantly amounts of light
rarely penetrate more than 4-5 mm through soil
and that only 0.01% light is transmitted through
to a depth of 3mm. Hence, the sensitivity of the
seeds after burial needs to be enhanced to achieve
high germination levels. Studies have shown that
large changes in light sensitivity can be induced
when seeds are buried in soil (Baskin and
Baskin,1985) which may be linked with seasonal
patterns such as temperature changes (Derkx and



Karssen,1993). Being a photoblastic species,
seeds of Ghada on the top of the soil and at 1 cm
deep germinated fast, while exposure to light
inhibited germination of Ertaa on the top of the
soil. Utilizing the available darkness at 2 cm depth
and other favourable conditions, the negatively
photoblastic species Ertaa produced maximum
percentage of germination. After a certain level
of depth (> 15cm) inadequate soil aeration and
heavy pressure fromthe soil prevents elongation of
hypocotyls, which ultimately checked successful
seed germination of this epigeous species.

Zohary (1940) reported that in some
deserts of Central Asia, Ghada yields up 50 tons
of charcoal ha'. Kumar, ef al. (1996) recorded an
average of 18.9 kg plant" of wood productivity in
Calligonum comosum of Indian deserts. The low
productivity of both species in Saudi Arabia could
be attributed mainly to the harsh environmental
conditions, overgrazing and habitat disturbances
in the unprotected natural habitat.

Though water is the key factor for plant
growth in non-irrigated desert regions (Zengyuan,
1984), growth and establishment of Ertaa and
Ghada were not found dependent on irrigation.
This may be attributed to the fact that both
species are well adapted to their environmental
conditions and they can grow and survive
with minimal water or without any irrigation.
Kebin (1989) reported that trees of Haloxylon
ammodendron can produce healthy growth only
where the soil water content is over 2% (or over
50% relative water content). In the Arabian
deserts, availability of good water for irrigation
is always a constraint and desalination of water
from deep wells for irrigation is always an
expensive proposition. The present study clearly
indicates that both species can show a fairly good
growth rate under cultivation with minimal or
even without irrigation.

Estimated biological growth of Ertaa and
Ghada using linear and nonlinear functional
forms was matching reasonably to the natural
growth of a tree stand in general, where very
young trees would experience a slow growth in
volume, followed by a sustained, rapid growth,
and a considerable increase in volume. Finally,
the stand would experience slower growth
as it becomes fully matured, until the growth
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either stops or reversed (Tietenberg, 2002). The
estimated biological growth of Ghada and Ertaa
using power function form, however, showed the
best fit of the experimental measurements for
both species among the other functional forms,
indicating that both species are in their initial
growth stage.

CONCLUSIONS

Deserts are regions of low and irregular
rainfall in which potential evapo-transpiration
exceeds precipitation (Khan and Unger, 1996).
Knowing the vegetation management system of
water saving plants like Ertaa and Ghada will
help greenery programs and improve the socio-
economic conditions of the local population. The
problems associated with the natural regeneration
are mainly due to the deep burial of seeds under
shifting sand. Being a photoblastic species Ghada
seeds require light for germination and must be
on the surface of the soil, while Ertaa, being a
negatively photoblastic species must be under the
soil to avoid light for easy germination. The low
productivity of natural stands in Saudi Arabia
may be attributed to the prevailing extreme
environmental conditions and uncontrolled
grazing. Animals eat the green assimilatory
parts as soon as they flush and this affects
photosynthetic activities which may ultimately
retard growth rate. The estimated biological
growth function under cultivation was found to
reasonably match with the natural growth for
both species, indicating that both species are in
their initial growth stage.
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