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Abstract. Wadi Yalamlam is known as one of the
significant Wadis in Western Saudi Arabia. The wadi is
considered as one of the most important water torrents for
the western region of the country. It starts from the top of
Hijaz Mountains and pours into the Red Sea. It has a high
amount of annual rainfall, about more than 200 mm. This
work was conducted to study the floristic composition of
seven stands of the Wadi and its relation to specific soil
characteristics. The study revealed that the seven stands
were represented by 48 species belong to 26 families.
Fabaceae and Poaceae were the richest. Stands 1 and 7
were the most diverse while stand 6 was the least. Plant
diversity was discussed in relation to the soil chemical
composition.
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1. Introduction

Saudi Arabia is considered as a large arid land with an area
of c. 2,250,000 km2 nearly comprises 80% of the Arabian
Peninsula. It is located between latitude 15°45°; 34°35°N
and between longitudes 34°40°; 55°45’E. Mainly, it
consists of four topographic areas: The Coastal Plains, The
Mountains Chain in the South and West, The Plateaus and
The Deserts. There are some valleys (Wadies) scattered
into these topographic areas. One of the most important is
Wadi Yalmlam which is located in the Western region
about 125km southeast of Jeddah city. It is bounded by
latitudes 20°26°; 21°8°’N and longitudes 39°45°;40°29’E.
Wadi Yalmlam basin is initiated from high elevation of
Hijaz escarpment with mean annual rainfall of about
140mm starting from Taif escarpments and pour into the
red sea coast. It provides the holy places in Mecca with
drinking water. Even though Saudi Arabia is considered as
a large arid zone, it has a vast number of plant biodiversity.
Vegetation  structure presents differences in the
distributional behavior and that's refer to changes in some
factors such as: weather factors, edaphic variables,
anthropogenic pressures and water. The fact that Wadies
are water streams that make their environment rich of plant

diversity. The appearance and the changes in plant cover in
different areas of the wadi is questionable. This work has
been done to conduct the relation between the vegetation
cover and some soil characteristics like the presence of
importanmt elements such as (Ca,Mg,Na,Cu and K) in
different areas of Wadi Yalmlam to explain the variation in
vegetation cover along the Wadi.

Costal zones are fragile ecosystems and more often
subjected to desertification and land degradation (Small
and Nicholls, 2003; McGranahan et al., 2007). Impacts of
soil salinity are varying from mid drastic effects to high
drastic effects represented mainly by the biodiversity
losses and the degradation of soil quality (Leatherman and
Nicholls, 1995). Human activities are with a great
influence on the coastal zones especially in mega cities, the
negative impacts of human activities are water abstraction,
hydrological regime alteration and sediments trapping
(Nicholls et al.,, 2007; Elhag and Bahrawi, 2014).
Developing countries are less adapting and responding to
climate change due to its poor management system of
mega coastal cities (Nicholls et al., 2007; UNHABITAT,
2008).

Desirability analysis was able to deliver resourceful
resolution to the indecision in multi-input statistics
difficulties. It is an operational technique to examine the
interactive  degree  between disconnected  systems
(Derringer and Suich, 1980). The desirability analysis and
its implementations are mentioned in (Bogartz, 1994; Ku et
al., 2011). The methodology of Harington (1980), is
widely applied to analyze the maximum, minimum and
overall desirability parameters for solitary concert features
based on the fact that the desirability function desirability
transforms a projected response into a scale free value
(Jeyapaul et al., 2005; Radhakrishnan, et al., 2011;
Muthukrishnan et al., 2012).

The aim of the current research study is to envisage the
effects of soil minerals on the species richness. Desirability
analysis is the used methodology to realize the correlation
between the species richness and equality and certain
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physical/chemical properties of the under investigation
soils.

2. Material and Method
2.1. Study area:

The Wadi Yalmlam basin elevations significantly diverge
from upstream and downstream parts ranging from 2850m
to 25m, repectively (Figure 1). The main itinerary of the
Wadi has cut through the vastly splintered granitoid,
gabbroic and metamorphic rocks until the coastal plain of
the red sea. The basin can be divided into three main parts:
upper stream, middle stream and downstream. The upper
and middle parts are covered by intense natural vegetation.
The lower part is covered mainly by quaternary deposits
and sand dunes with small scattered highly altered
granitoid and metamorphosed basaltic hills. Several basic
ditches are recorded in the lower part of Wadi Yalamlam
basin. Also, the thickness of quaternary deposits in the
Wadi basin is increased in the lower part.

2.2. Samples Collection:

The Wadi was divided into seven stands randomly in
every area at different growing seasons. Locations and
sample were chosen to explain a large range of
physiographic and environmental variation in every
branch (Figure 1).

Plant and soil samples were collected between March
2015 to February 2016. Sample plots were chosen
randomly using the relevé process in every site (Subyani
and Bayumi, 2001) . The sample plots were 10 meter x 10
meter and the sampling process was taken through the
spring season when all species were expected to be
growing. The vegetation sampling involved recorded all
plant species at the sample plots.

2.3. Plant Identification: The collected plant specimens
were set by correspondence author and according to
(Chaudhary, 1999,2000,2001; Collenette,1999; Cope,
1985;Mighaid,1996). And then, the plant cover of each
species was estimated according to the Zurich-
Montpellier technique (Mueller-Domboisand Ellenberg,
1974).

2.4 Soil Analysis: Soil was air dried and kept in glass
bottled for later use for measure the elements in soil.

Soil Chemistry: The determination of Ca, Mg, K, Cu and
Na was carried out by using a flame photometer and an
atomic absorption flame photometer (Berkin Elmer AA
Atomic absorption Model: 3100) as described by Allen, et
al. (1974).

2.5 Statistical Analysis:
Desirability Analysis

The purpose of using the desirability function is to
concurrently improve the model predictions based on
multiple equations firstly introduced by Harrington (1980).
Desirability analysis is one of the most common
approaches wused to augment of several response
progressions (Derringer and Suich, 1980). Basically,
desirability analysis converts the input functions into (0,1)
scale to represent the model predication in term of
desirability. According to Derringer and Suich (1980),

desirability analysis confound on three methodologies
analysis:

Maximization analysis:

X) — A\’
dmex = (%) ifA <f,xy<B
Minimization analysis:
. X) - B\’

Overall desirability:
dtarget
,
[ £00 - AY
to - A
= {(fT(X) - B)S
It to - B
0 Otherwise
Where
A, B and s are predefined variables based on the scope of
the analysis. High f(X) indicates higher desirability and low
f(X) indicates low desirability. The three methodological

desirability functions are on the same scale and are
sporadic at the points A, B, and t,.

ifA < frx) <t

ifty < freo<B

3. Result

The study revealed that the seven stands were represented
by 48 species belong to 26 families. Fabaceae and Poaceae
were the richest. Stands 1 and 7 were the most diverse
while stand 6 was the least. The relation between species
richness and soil chemical components was studies.
According to both Shannon and Simpson indexes species
richness was in correlation to Ca content in soil (Figure 2).
The number of plant species increased as the concentration
level of Ca decreased (r=02, r=0.3 according to Shannon
and Simpson respectively). The same result was observed
when applied to the content of Mg for both Shannon and
Simpson indexes (r=-0.1, r=0.2) (Figure 3). On the other
hand, there was no correlation between Na concentration
and species richness in Shannon-Wiener (r=-0.19), while
there was a positive relation in Simpson index (r=0.16). On
another words, the Na content was persistent and did not
affect species evenness in all sample stands when applying
Shannon-Wiener index; while in Simpson index it
increased as the concentration of Na decreased (Figure 4).

There was an inverse relation between species diversity
and Kconcentration in Simpson index (r=-0.03) (Figure 5).
In contrast, applying Shannon-Wiener equation gave a
direct relation; species evenness was increased when K
content increased (r=-0.15) (Figure 8). The situation was
inversable in case of Cu content. The direct relation was in
the Simpson index while the inverse relation was in
Shannon-Wiener index. Species richness was increased
when Cu content increased according to Simpson index
(r=-0.17), while it increased when Cu content decreased in
Shannon-Wiener (r=-0.15) (Figures 6). In general it could
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be said that species richness is in correlation with Ca, Mg,
Kand Cu.

4. Discussion:

In this investigation our theory was that the soil nutrient
mineral content may affect the species richness in different
localities. Seven stands were chosen along the study area
in Wadi Yalamlam West of Saudi Arabia, soil minerals
were measured and species eveness was calculated using
Shannon-Weiner. Previous studies showed some kind of
relationships between species richness and nutrient
availability (Huston, 1980, Grime, 1973; Tilman, 1982).
Huston (1980, 1993) on studies of tropical forests found

that there is a decrease in species richness when soil
fertility index and concentration levels of K and Ca in soil
increase. This supports our findings in case of Ca
concentration, but it disagrees with our results in case of
potassium K. Janssen et al., (1998) agreed with our result
of that high potassium contents are compatible with high
values of diversity. Alatar et al., (2011) on a study similar
to ours but on Wadi AlJufair in Saudi Arabia it was found
that species diversity decreased with increasing of Mg and
Na. Our findings agrees with Alattar that there is a
correlation between species evenness and Mg, while it
disagree in case of Na. Similar correlations were reported
by El-Demerdash et al. (1995), Abbadi and EIl-Sheikh
(2002), ElI-Sheikh et al. (2006) and El-Sheikh et al. (2010).

12.5 25

Kilometers

Figure 1: Study area “Wadi Yalmlam” and the selected stands
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Figure 6: The relation between Cu concentration and
vegetation richness in Shannon-Weiner and Simpson.
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5.Conclusion:

In conclusion the overall desirability between some soil
minerals and species diversity is not stable and different
according to mineral type and location.

References
Abbadi G.A., El-Sheikh M.A. (2002), Vegetation analysis of
Failaka Island (Kuwait) Journal of Arid

Environments,50,153-165.

Alatar A., El-Sheikh M.A., Thomas J. (2012),Vegetation
analysis of Wadi Al-Jufair, a hyper-arid region in Najd, Saudi
Arabia. Saudi Journal of Biological Sciences,19,357—
368.

Allen, S, E,, Grimashaw, M . H., Parkinson, J. A. &
Quarmby, C. (1974), Chemical Analysis of Ecological
Materials. Blackwell's Scientific Publications, Oxford.

Bogartz, R. S. (1994), An introduction to the analysis of
variance. Westport, Ct.: Praeger.

Chaudhary, S.A. (1999), Flora of the Kingdom of Saudi Arabia
vol. 1. Ministry of Agriculture and Water. Riyadh, Saudi
Arabia.

Chaudhary, S.A. (2000), Flora of the Kingdom of the Saudi
Arabia, vol.2. Ministry of Agriculture and Water, Riyadh,
Saudi Arabia.

Chaudhary, S.A. (2001),Flora of the Kingdom of Saudi Arabia
vol. 3.Ministry of Agriculture and Water; Riyadh, Saudi
Arabia.

Collenette, S. (1999), Wild Flowers of Saudi Arabia. National
Commission for Wild Life Conservation and Development,
Riyadh, Saudi Arabia, 799pp.

Cope, T. (1985), A key to the grasses of Arabian Peninsula.
Arabian Journal Science Research, Special Publication.

Derringer G, Suich R (1980), Simultaneous Optimization of
Several Response Variables. Journal of Quality Technology,
12, 214-219.

El-Demerdash M.A., Hegazy A.K., Zilay M.A. (1995),
Vegetation—soil relationships in Tihamah coastal plains of
Jazan region, Saudi Arabia. Journal of Arid
Environments,30,161-174.

Elhag, M. and Bahrawi, J. (2014), Potential Rainwater

Harvesting Improvement Using Advanced Remote Sensing
Applications. The Scientific World Journal. 2014, 1-8.

El-Sheikh M.A., El-Ghareeb R.M., Testi A. (2006), Diversity
of plant communities in coastal salt marshes habitat in
Kuwait. Rendiconti Fisiche Accademia Lincei,17,311-331.

El-Sheikh M.A., Abbadi G.A., Bianco P. (2010),Vegetation
ecology of phytogenic hillocks (nabkhas) in coastal habitats
of Jal Az-Zor National Park, Kuwait. Flora, 205,832-840.

GRIME, J. P.(1973), Competitive Exclusion in Herbaceous
Vegetation. Nature, 242, 344 - 347

Harington, C.R. (1980), A preliminary list of faunal remains
from Trou Otis Speos de la Fee. In Le Karst de plate-forme de
Boischatel et le krast barre de La Redemption, etat des
connaissances. Edited by J. Schroeder. Soceite Quebecoise de
Speleologie, Montreal, 93-105.

Huston, M. (1980), Soil Nutrients and Tree Species Richness in
Costa Rican Forests. Journal of Biogeography, 7(2), 147-157.

Janssen, P.A.E.M., Wallbrink, H., Calkoen, C.J., van
Halsema, D., Oost, W.A. and Snoeij, P. (1998), VIERS-1

scatterometer model. Journal

103,doi: 10.

Jeyapaul, R., Shahabudeen, P. and Krishnaiah, K. (2005),
Quality Management Research by Considering Multi-
Response Problems in the Taguchi Method - A
Review. International Journal of Advanced Manufacturing
Technology, Vol. 26,.1331-1337.

of Geophysical Research,

Ku S.\W.,, Lee U., Noh G.J., Jun I.G., Mashour G.A. (2011),
Preferential Inhibition of Frontal-to-Parietal Feedback
Connectivity Is a Neurophysiologic Correlate of General
Anesthesia in Surgical Patients. PLoS ONE, 6(10), e25155.

Leatherman, S.P. and Nicholls, R.J. (1995), Accelerated sea-
level rise and developing countries: An overview, In:
Nicholls, R.J. and Leatherman, S.P. (eds), Journal of Coastal
Research, Special Issue, 14, The Coastal Education and
Research Foundation (CERF), Fort Lauderdale, Florida, 1-14.

MCGRANAHAN,G., BALK, D., and ANDERSON B.(2007),
The rising tide: assessing the risks of climate change and
human settlements in low elevation coastal zones.
Environment & Urbanization,19(1),17-37.

Migahid, A. M. (1996), Flora of Saudi Arabia King Saudi
University Press, Riyadh. Saudi Arabia.

Mueller-Dombois, D. and Ellenberg, H. (1974), Aims and
methods of vegetation ecology. New York: John-Wiley and
Sons.

Muthukrishnan G., Quinn G. A., Lamers R. P., Diaz C., Cole
A. L, Chen S, Cole A. M. (2011), Exoproteome
of Staphylococcus aureus reveals putative determinants
of nasal carriage. Journal  of Proteome
Research, 10, 2064—-2078.

Radhakrishnan, M., Balagurunathan, R., Selvakumar, N.,
Doble, M., and Vanaja, K. (2011), Bioprospecting of marine
derived  actinomycetes with  special reference to
antimycobacterial activity. Indian Journal of Geo-Marine
Science, 40(3): 407-410.

Small, C., & Nicholls, R. (2003), A Global Analysis of Human
Settlement in  Coastal Zones. Journal of Coastal
Research, 19(3), 584-599.

Subyani, A. and T. Bayumi. (2001), Evaluation of Groundwater
Resources in Wadi Yalamlam basin, Makkah Al-Mukarramah
area. Project No. 203/420, King Abdulaziz University,
Jeddah, Saudi Arabia, p.128.

TILMAN, D. (1982), Resource competition and community
structure. Monogr. Pop. Biol. 17. Princeton University Press,
Princeton, N.J. 296 p

CEST2017_00241


http://www-unix.oit.umass.edu/~bogartz/anova.html
http://www-unix.oit.umass.edu/~bogartz/anova.html

