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PLANT AND SOIL RELATIONSHIPS IN THE
NORTH-EASTERN DESERT, EGYPT

Abd El-Fattah, R.1. and A.M. Dahmash
Botany Department, Faculty of Science, Zagazig University, Egypt.

he present study analysis the plani-soil relationship in the

North-Eastern Desert of Egypt. Fifly stands were examined
and the matrix of 15 species x50 stands based on species cover
data, was classified using Two Way Indicator Species Analysis
(TWINSPAN) and ordinated using Detrended Correspondence
Analysis (DCA). Three vegetation lypes were generaled afier
the application of TWINSPAN technique. These groups are
named afier the dominant perennial species as follows: Alhagi
maurorum  (Medio), Tamarix nilotica (Ehrenb) Ege,
Zygophyllum coccineum (L), Halocnemum strobilaceum (M.
Bieb) as well as, Parkinsonia aculata (L). The association of
dominant perennials with certain soil variables, the sand,
particles moisture content, capacity, porosity, calcium carbonate
content organic carbon, pH, chlorides, sulphates, T.S.S., K,
Ca™ and Fe'"" were assessed. Some species are dominant in
the study area namely Al/hagi maurorum, Cressa cretica (L),
Zygophyllum  coccineum,  Halocnemum  strobilaceum.
Calotropis procera (R.Br.) and Ochradenus baccatus (Del.).
Most vegetation types occur on deep sandy deposits, with
coarse and fine sands. Halocnemum strobilaceum, Cressa
cretica and Nilfraria retusa (L) dominate on saline areas. Some
ecological conditions supporting the various vegetation types
are described.

Keywords: castern desert, soil, elements, soil texture, desert plants

The Eastern Desert consists essentially of back bone of high and rugged
mountains running parallel to the Red Sea coast (:Said, 1962 z}nd NBU 1993).

The geology of the area 1o the east of Cz}u'o was outlined by Abd El-
Daiem (1971). Quaternary strata cover the major part' of the area and are
dominant in the Nile Valley and adjacent plains and in the courses of the
main wadis. These sirata have a maximum thickness of about 240 m and are
developed into acolian sands as well as into fluviatile sands and gravels.

A detailed account of the vegetation types of the Red Sea coastal
land of Egypt was given by Kassas and Zahran (1962, 1967 and 1971) and
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d 1977). These studics show thal coastal land is
incipal systems; coastal salt marsh,

coastal desert plain and coastal mountains. Ecological conditions: tidal and
wave ebb and flow movement, sca Spray, salt water scepage, c.huruclcr of
surface sediments and substratum, land relief, local, and microclimates, etc,
are the main factors that limit the type and extent of the plant cover in each

Zahran (1962, 1964, 1965 an
organized ccologically into three pr

system. ‘
Chamberlin (1975) demonstrates that plant communily are better

indicators than individual specics for habitat conditions. The one distinctive
feature of most plants growing in arid environments is that they accumulate
an increased amount of low molecular weigh water soluble solutes in their
cells. This process is known as osmotic adjustment (Masarrat et al., 1996).
The compounds utilized for osmotic adjustment and the pattern by which
their concentrations change in saline and drought-stressed plants have been
discussed in a number of reviews (Stewart and Ahmad, 1983; Wyn Jones
and Gorham, 1983). SmimofT and Stewart (1985) conclude that the increase
in proline content in some plant species reflects increasing salt or drought
stress. Moreover, Masarrat et al. (1996) showed that carbohydrate content
varied significantly among species in the different habitats. Moreover,
species growing in water stressed habitat have higher carbohydrates than
those of other habitats.

The present work aims to develop data on the soil ecological ranges
of some dominant plant species in the Eastern Desert of Egypt. The
physiological behaviour of these species in the different habitats is
demonstrated. The present study dealt with the size frequency distribution of
_ﬁ"c common shrups in the study area. The dominant perennial plant species
in the Eastern Desert (from Fayed to Al Ain El-Sokhna) is identified, using
two techniques of multivariate analysis (TWINSPAN and DCA). The’ effect
g’fpﬁ!:}rf:i:;r:s::d'spccms diversity and bundance of the identified vegetation
The Study Area

The siudy;area ]lCiS in t%m North Eastern Desert of Egypt (30°30" N
long. and 32° 15 E latit,, Fig. 1). The Meterological ; )
silile {3 dhaws gical data illustrated in
| E:Tcuxa:m;n ﬂ;? r?:lsr lemperatures vary from 18.5°C to 36.2°C in

» Tespectively. The mean minimum air at
vary from 7.5°C t0 20.9°C, respectively, MGRIAE

2- The monthly mean values of i . g .
(December), 10 49.6% (May), relaive: humidity diffor from 64.7%

3- Wind velocity in the stud i
. y arca 1s pgen i -
velocity ranges from 9.5 km/hr in Apriél’ locgaili]{cnlllle?nhitr; g}e]:ea‘[;"f age wind
. mber.

4- Evaporation rate ranges befw
mm/day in June. ¢en 6.0 mm/day in December and 13.2
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5- Most of the rainf; i '
Vir(:;z”o! Iii'u, rl:llllld” occurs during November to March, Summer is
T y dry. The mean value was 6.7 mm in February while the lowest
value was 2.2 mm in March,

TABLE (1). S;JHSU.IHII fluctuation of climatic factors at the Suez
Province. (Average of 6 years from 1983 to 1988). Data

yartment, Cairo.

obtained from Metriological De
Parameters .
Femperature ("C) Relative Wind | Evaporati | pooocn

Netn Nonn Mo Humidity | velocity on (.mm)
Months Max. Min. Monthly Yo km/hr. mm/fday
January 18.5 7.5 12.88 02.50 7.80 5.70 6.73
February 19.96 7.8 13.8 56.90 8.73 1.38 2.60
March 2290 9.85 16.29 22,45 9.40 8.46 2,15
April 27.31 13.20 20.20 49.00 9.53 11.13 0.00
May 31.55 16.70 24.09 47.60 9.13 12.64 .00
June 34.04 19.30) 26.54 50.00 9.10 13.10 0.00
July 34.28 20.24 27.05 53.13 8.07 11.80 0.00
August | 3621 | 2075 | 27.06 28.48 §.23 10.88 0.00
September 33.00 19.70 2564 | 59.83 845 | 1030 | 000
October 2836 1595 | 2197 | 2620 7.45 8.31 0.00
November 24.11 12.60 18.28 2660 T 650 658 O
December 19.39 8.08 13.01 64.68 6.30 5.25 5.23
Mean Ann, 33.07 17.2 24.8 54.7 9.87 11.17 1.901

MATERIALS AND METHODS

Six locations were s¢lected in the Eastern Desert (from Fayed to Al
Ain El-Sokhna) (Fig. 1). Each location has a reasonable degree of habitat
and plant cover homogeneity, i.e. dominated by one species were chosen.
Soil Analysis

A compo
of 45 ¢m depth.
stored in paper bags. Physi
determined following Piper (1947
(1959) and Jackson (1962).

Vegetation Analysis
Fifty stands (10 x 10 m cach) were distributed in the study area.

These stands covered the main physiographic variations of the region. In
sclecting cach stand, carc was faken to cnsure rcasonable degrec of
physiographic and physiognomic homogeneity. Stands were located from
Fayed to Al Ain El-Sokhna during the years 1997, 1998 and 1999 and mean

values obtained. _
A couni-floristic list was carried out for cach stand. Relative

frequency density and relative cover for perennial species were determined
by using the quadrats method (Misra, 1980). The sum of the relative

site soil sample was collected from each stand as a profile
Qoil was air dried and passed through a 2 mm sicve and
cal and chemical analysis of soil properties were
), Rietmeire (1951), Johnson and Ulrich
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frequency, relative density and relative
relative out at 300 as following:

Absolute Frequency (A.F))

of a plant species x100/ Total numb
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~ Absolute Density (A.D.) = Total Number of plant species in
studied quadrats x 100 / Total Number of quadrats studied x area of
quadrat,
Absolute Cover (A.C.) = Total area cover of plant species x100 /
Number of quadrats used x Area of quadrat.
Relative Frequency (R.F.) = Absolute [requency of a specics
X100 / Total absolute frequency of all species.

Relative Density (R.D.) = Absolute density of a species x100 /
Total absolute density of all species.

Relative Cover (R.C.) = Absolute coverage of a species x 100 /
Total absolute coverage of all species.

. Importance value = Relative Frequency + Relative Density +
Relative Coverage. i.e. .LV.=R.F. + R.D. + R.C.

Nomenclature was done according to Tackholm (1974). Similarity
between different stands was assessed using a Two-Way Indicator Species
Analysis (TWINSPAN). The Detrended Correspondance Analysis DCA was
used as an ordination method following the procedure of Hill (1979b).

Plant Analysis

The plant material was collected during the years of 1997, 1998 and
1999 and was washed under running tap water, followed by distilled water.
Plant shoots were divided into two portions for each year. One portion was
used for determination the chlorophyll content (Metziner et al., 1965),
proline (Bates ef al., 1973) and relative water content (Turner, 1981). Water
content was done using the following equations:

Water content (%) = [(Fresh weight — dry weight)/(dry weight)]x 100

The other portion was oven dried with circulating air at 70°C and
then ground. The dried powdered sample was extracted with hot ethyl
alcohol-distilled water to determine the carbohydrates fractions (Naguib,
1963 and 1964). The degree of succulence was calculated as a fresh
weight/dry weight ratio following Dehan and Tal (1978) and ash elemental
composition (Ward and Johnson, 1962) for each year.

RESULTS

Soil Analysis

Soil characteristics exhibit a wide range of variation through
different localities (Table 2), habitats classified into three groups (A, B and
C) according to soil character as in table (2). Soil texture revealed that sand
was the dominant fractions in all localities. Soil supporting vegetation group
(A) has the highest value of porosity (53.2%), medium sand content (51.1%),
water holding capacity (36.5%), coarse sand (26.3%), calcium carbonate
(17.3%) and fine particles (16%) but the lowest of sulphates (0.3%).
Group (B) has the lowest value of sulphates (0.2%), porosity (48.7%),
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medium sand (47.6%), coarse sand (35.1%), water holding capacily (31-7%)
and calcium carbonate (15.7%). Water holding capacity (4] .1%), porosity
(25.1%), calcium carbonate (17.5%) and K (16.5%) but the lowest value of
chlorides (0.3%).

TABLE (2). Mean and standard deviation of the soil variables recorded
in different TWINSPAN groups.

Edaphie factors TWINSPAN group
A B C
% coarse sand 26.3+8.9 35.1+8.3 11.71.3
% medium sand 51.142.7 47.6+5.5 55.743.7
% fine sand 12.6%5.1 8.7+.1 22.8+5.2
% fine particles 16.0+5.3 7.0+3.3 13.5+3.8
% moisture content 8.3+1.5 10.145.4 11.14+6.8
% water holding capacity 36.5+4.8 31.7+103 41.142.5
% porosity 53.2+9.8 48.7+7.7 25.1+2.6
% calcium carbonate 17.3+1.6 15.7+1.1 17.5+1.5
% arganic carbon 0.940.1 1.1+0.2 0.440.1
pH 7.6+0.3 7.540.2 7.1+0.2
% chlorides 0.440.2 0.5+03 0.310.1
% sulphates 0.320.1 0.2+0.1 0.540.1
% TSS 1.7£0.9 1.610.6 1.540.6
K mg/g air dry sail 8.61+2.6 13.4+4.8 16.5+2.1
Ca mg/g air dry soil 4.140.7 5.140.5 5.240.1
Fe mg/g air dry sail 1.5+0.6 3.5%1.6 0.9+0.2
Vegetation Analysis

Table (3) shows the floristic composition of plant communities in
some localities in the Eastern Desert from Fayed to El Ain El-Sokhna (Fig.
1). Three vegetation groups (VG) were generated at the division of
TWINSPAN (Fig.2). The results of application of DCA indicates a
reasonable segregation among these groups along the ordination plane of
axes (1) and (2) as shown in fig. (3). The dendrogram resulting from the
group analysis of stand representing the study area, shows three vegetation
groups (Fig. 3,4,5 and Table 2). Group (A) has one stand dominated by
Alhagi maurorum (IV=212.65/300). Group (B) comparises three stands (2,3
and 4), where stand (2) dominated by Tamarix nilotica (IV = 175 24‘%:)
stand (3) dominated by Zygophyllum coccineum (1V = 236.38%) and' stan(i
(4) dominated by Halocnemum strobilaceum (IV = 89.8%). Group (C) has
one stand dominated by Parkinsonia aculata (P = 100%) )
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_

&
3

TAMT NI

ZXY G RLE
PAR ACY

L <)
P
ow

e
|
¥

5
TIOR8
o

K

Fig. (2). Hﬁhﬂmw?z am.:m_.om_,ua of the studied stands based on presence values of 15 specie
Indicator species are abbreviated to the first three letters of the names i
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Fig. (3). DCCA ordination of the studies stands with TWINSPAN groups
superimposed and environmental factors.
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Plant Analysis _
Plant analysis is shown 1n ta
the water content, ash content and

ble (4). Results Jemonstrate variation in
mineral ion content of shoots of the

-anged from
dominant species in the different habitats. Water content VilLZZSS;aE;%%) was
107.20 to 687.71%. The highest value of water conten 107,20%) N
recorded in Calotropis procera, while the lowest valuﬁ* ( . s /0
recorded in Cressa cretica. The relative water content varied from J0.
87.09%. . :

The highest succulence value (7.88) was recorded in CGIOWOPLSI'

procera, while the lowest succulence (2.07) was in Cressa c?-(?tzca. The tota
ash content was high in the dominantd species in all locahtle.s and ranged
between 6.50 in  Halocnemun strobilaceum and 33% in Nitraia retusa.

Chlorophyll content was generally low in most species. The pigment
content varied from 0.117 to 0.299 mg/g fresh weight for chlorophyll (a)
amounted. The highest value of chlorophyll (a) was 0.299 mg/g, fresh
weight was recorded in Cressa cretica, while the lowest value of 0.117
mg/g, fresh weight was recorded in Halocnemum strobilaceum. The values
of chlorophyll (b) ranged between 0.081 and 0.287 mg/g fresh weight. The
highest value of chlorophyll (a) and (b) were recorded in Ochradenus
baccatus, while the lowest value found in Halocnemum strobilaceum. The
highest value of carotenoids amounted 0.048 mg/g, fresh weight was
recorded in Ochradenus baccatus and the lowest value of 0.018 mg/g, fresh
weight was found in Zygophyllum coccineum. The chlorophyll a/b ratio
ranged between 1.04 in Ochradenus baccatus and 1.44 in the Halocneum
strobilaceum.

The total soluble sugars ranged between 1.53 and 8.98 mg/g dry
weight (Table 4). The highest value of 8.98 mg/g dry weight soluble sugars
was found in Cressa cretica, while the lowest value of soluble sugars 1.53
mg/g dry weight was found in Zygophyllum coccineum.

The proline conte_nt varied from 0.002 and 0.09 mg/g fresh weight,
The highest level of proline content amounted 0.09 mg/g fresh weight was
recorded in Ochradenus baccatus, while the lowest value of 0.002mg/g fresh
weight was recorded in Zygophyllum coccineum.

DISCUSSION

Three vegetation types were generated after the application of twe
way indicator species analysis (TWINSPAN:Hill, 1979a) to the sbutdince
of 15 species in 50 stands. The application of detrended corr
analysis (DCA:Hill, 1979 b) to the same set of data supports th
between the three vegetation groups. Vegetation ty
Alhagi maurorum, Tamarix nilotica, Zygophyllum co
strobilaceum and Parkinsonia aculata.

espondence
¢ distinction
pes are dominated by:
ccineum, Halocnemuym
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fine sediments which may

ities are affected by the
Plant communities are affe Y zod organs s uch as tubers or

retain seeds stem or root fragments and speciali

turions (Khedr and Hegazy, 1998). . i
The vegetation of the Eastern Desert 18 less prominant as a

component of the plant cover than of other phytogeographical regions of
Egypt. The soil is mainly formed of coarse sand and may develpp m c‘:.enam
localities of high salinity. The underground water is deep. The distribution qf
the community types within the surveyed area is maml},f affected by.s.ml
attributes and the ability of species to adapt themselves against the prevailing
conditions (Shams and Abd El-Fattah, 1989). Kassas and Imam (1957)
stated that the desert landforms cause concentration of available water in
favoured areas, where the plants may live. They added that this is one aspect
of microhabitat phenomena.

Several investigators stated that the shortage in soil moisture was the
most effective environmental factor affecting the pattern of plant growth in
desert habitat (Johns, 1984; Watkinson, 1985; Ayyad and Ghabbour, 1986;
Willams and Hobbs, 1989 and Abd El-Fattah, 1994). Microhabitats
influence the local distribution of plants and floristic composition of the
community types. Moreover, species of desert plants differ in their
association amplitude according to microhabitat (Kassas and El-Abyad,
1962).

The study of floristic composition of plant communities in the
different localities may provide an indicator of soil salinity, soil moisture
content and soil reaction as well as the behavior of the dominant species in
this habitat (Abd El-Fattah, 1994).

Under the conditions of the surveyed area, Alhagi maurorum is
species of the wide ecological amplitude and sociological range. The species
is recorded in 80% of community types. Tamarix nilotica, Zygophyllum
coccineum and Cressa cretica are sub-dominant species recorded in 60% of
the comminutes types. The other species have presence value of 20%.

It would appear from this study that species of different localities in
the Eastern Desert are subjected to large variation in edaptic factors
especially CaCOs, moisture content and total soluble salts. These faciors,
exhibit a wide range of variation between the different localities than other
soil characteristics. Variation in these edaphic factors demonstrates species
variation in different localities in arid zones (El-Ghonemy, 1966 and 1974)

It has been demonstrated by Rozema ef al. (1983 and 1985) that tﬁe
decrease in the maritime influence along the transect of the areq has an
impact on the vegetation composition and nature of characteristic species
and this is confirmed by the present study. However, the data also indicate
that the decrease in salinity, plays a key role in the replacement of one
species by another along the transect. This has also been suggested by Joenj:

(1978).
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‘ Tl}c present study demonstrates the highest percentage of medium
S{ll‘ld in soils of Parkinsonia aculata, total soluble salts and organic carbon in
soils (_)f Halocnemum strobilaceum, while the lowest percentage of medium
sand in soils of Halocnemum strobilaceum, total soluble salts in soils of
Calofropis procera. Cressa cretica tends to concentrate greater amounts of
certain metabolic components in shoot. This may indicate that the plant is
subjected to greater environmental stress. Vegetation surveys (Abd El-
Rahman and El-Monayeri, 1967) indicate that the specics is confined to
sandy coastal soils which arc calcareous, poor in organic carbon, fairly
alkaline, and with very low values of water soluble salts. Leaf water content,
chlorophyll and pH were higher.

The total soluble sugars attained the highest values in Cressa cretica
followed by Nitraria retusa, while the lowest value was attained in specics
of more xeric habitats (Zygophyllun coccineum).

Turner and Kramer (1980) and Pitman (1980) reported that water
deficits in plants brought about by higher soil moisture tension, greatly
modify their metabolic products. Increased translocation of carbohydrates
into shoots or decrease in carbohydrates from shoots could also contribute to
other in sugar accumulation (Munns et al., 1979).

Several attempts have been made to use proline accumulation to
evaluate tolerance or sensitivity of plants to stress (Stewart and Larher,
1980; Rozema et al., 1983). Stress compatible solute, proline and
carbohydrate contents were greater in the tissues. The habitats characterized

by their high level of total soluble salts and CaCOQs. Usually, the function of
increased concentration of compatible osmotic solutes such as amino acids,
proline and methylated quaternary ammonium compounds and polyols is
assumed to prevent the inactivation of enzyme and other essential structures

by salinity stress (Borowitzka, 1981; Wyn Jones and Storey, 1981).
It can be concluded that the plant cover used as indicator to habitat

conditions as: , , ,
The community dominated by T. nilotica associated with soil of fine

a_
particles. _ ' _
b- The community dominated by P. aculata associated with courser soil
particles.

c- The community dominated by Z. album associated with soil of high
medium sand and K content.
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