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Eighl dominant psammophytes were studied, these
species are:  Echium sericum, Ononis vaginalis,
Euphorbia paralias, Jasonia maritima, Pancratium
mavitima, Lotus polyphyllus, Amophyia arenaria and
Aeluropus lagopoides. The root characteristics of each
species were estimated in each soil depth including the
root length, number of lateral roots, fresh and dry
weights, water content, the ratio of specific root length
(SRL), the root/shoot ratio (RSR) and root/shoot biomass
(RSB). The soil supporting each species from different
depths were analyzed physically and chemically. The
microorganisms of the rhizosphere of each plant species
were isolated and counted. The roots of most deep and
shallow-rooted species under study are elongated in the
depth of soil (15-30cm) excluding Echium sericum and
Amophylla arenaria. Most of the lateral roots are
concentrated in the surface depths of the soil in each of
deep and shallow roots. The fresh and dry weights of
roots decrease with the increase of soil depth in the deep
roots versus the shallow roots where the weight increase
with the increase of soil depth. Jasonia maritima is
charactarized by the highest value of water content of the
root reached 54.5 %. The values of SRL and RSR were
higher in the deep roots than in the shallow roots versus
the value of RSB | which were higher in the shallow
roots. In most of the rhizosphere of the plant species
invistigated, the total bacterial counts was the highest.
while the total number of fungal counts was the
lowest. There are clear variations between the lotal
number of microbical types among the rhizosphere of the
cight species. The total microbial counts decreased
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parallel with the increase of soil depth in the most
rhizosphere invistigated species exccluding the total
count of actinomycetes which increased with the increase
ol soil depth. Eighteen microbial isolates could be
isolated from the rhizosphere of deep-rooted species,
while seventeen  microbial isolates were isolated from
the rhizosphere of shallow-rooted specics.

Kevwords: sand dune, root length, root system, root/shoot ratio. root
biomass. soil properties. rhizosphere microflora.  Echium
sericum, Ononis  vaginalis, Fuphorbia paralias, Jasonia
maritima, Pancratium maritima, Lotus polyphyllus, Amophyla
arenaria, Acluropus lagopoides.

Root system have four important functions: absorption, anchorage, storage
and the synthesis of various organic compounds (Stone, 1957; Vaadia and
Waisel. 1963; Duvdevani, 1964). The effectiveness of roots in absorption
depends on the extent of the root systems and on the efficiency of the
individual roots. The role of roots in anchorage is generally taken for
granted, but the successes of most kinds of plants depend on their ability to
remain upright. There are wide differences among plants in resistance to
overthrow by wind which are related to differences in extent. depth and
mechanical strength of roots. Considerable quantities of food are stored in
roots especially those which are used as direct food for human or as a source
of medicinal materials. Many of inorganic nitrogen is converted to organic
nitrogen compounds in the root before being translocated to the shoots. The
root functions and the root system development depend on both their
hereditary potentialities and on the environment (Kramer, 1983). Rool
growth is greatly affected by environmental factors such as soil texture and
structure; the presence of toxic elements such as aluminum, lead and copper;
compelition with other plants: and presence of microorganisms such as
batceria and fungi and soil inhabiting animals such as nematodes (Kramer
and Boyer, 1995). Few studies discussed the effect of the environmental
factors on the root development as the rate of extension of rootl systems
(Weaver, 1925), the size of root systems (Weaver, 1926), the distribution of
absorbing roots (Jackson er al.. 1997) and the effect of rainfall in the desert
on the root growth phonology and competitive interactions (Nobel. 1997),
The quantitative evaluation of the horizontal and vertical distributions of
roots of individual plants was studied by Fitter (1985) and Lee and
Lauenroth (1994). The shape or morphology of root systems and the density
distributions of roots by depth in order to make generalization about the
importance of root distributions to species and growth form abundance and
importance were stuided by Fitter (1985, 1987) and Jackson er al. (1996).
The use of root length as a quantitative measure of root systems as the best

Egyptian J. Desert Res.. 56, No. 1 (2006)

CamsScanner 2 Ligs d> suadll


https://v3.camscanner.com/user/download

ECO- MICROBIOLOGICAL STUDIES ON THE ROOTS ............ i 130

indicators of water and nutrient uptake by plants is discussed by Nye and
Tinker (1969) and Amber and Young, (1977).

Soil is the natural store of all microorganisms. Microorganisms play a
number of important roles in the soil especially in the coastal habitats. Some
are agents of discase, others are involved in nitrogen fixation or in de-
nitrification, yel more are decomposers which play a vital role in nutrient
cycling (Packham and Willis, 1997). Some 117 species have been recorded
for the Sands of Forvie and Ythan Estaury NNR, mainly from the dunes
(Kramer and Boyer. 1995), but North (1981) points out that 52 of thesce were
listed in a single visit paid by members of the British Mycological Society in
1975.

The coastal sand dune habitat in Egypt is very important because it
contains many of medicinal and range plants. This habitat is very sensitive 1o

the human interactions such as the overgrazing and the construction of

summer resorls, 11 is uselul 1o study the behavior and development of root
system of some dominant plant species in this habitat and its relation with
microorganisms inhabit the rhizosphere of these roots (o conserve and
sustain  their economic resources,  Generally, The studies of  root
microorganisms in relation with the rool system development and the
environmental factor in the deserts are very few in Egypl.

The objectives of this study were 1) quantify root length and density
distribution by depth in the soil profile; 2) evaluate the effect of soil
composition and (exture on the root system development; 3) deseribe the
relationship between root system development and depth for each species; 4)
determine and identily the microorganisms inhabit the rhizosphere of these
plants; and 5) describe the relationship between the microorganisms, the root
system development and the soil condition.

MATERIALS AND METHODS

The field studies were carried out in the habitat of coastal sand dunes
ol the Northwestwern Mediterrarian coast of Egypt. Eight dominant species
in this habitat were selected: four shrub species represent the deep-rooted
species and four grasses and forbs species represent the shallow-rooted
species, The deep-rooted species were Echium sericum, Ononis vaginalis,
Euphorbia paralias and Jasonia maritima. The shallow-rooled species were
Pancratium — maritima,  Lotus — polvphyllus, — Ammophyla — arenaria and
Aelhwropus lagopoides. The investigation was carried out during spring
season ol 2003. Ten randomly individual plants represent cach species were
selected from different random locations. The root characteristics of each
individual was investigated in each soil depth including root length, number
of lateral roots, fresh and dry weight (oven dry at 70 °C for 24 hr) and the
waler content of the root were estimated, The ratio of length o dry weight,
specilic root length (SRL) was caleulated according to Fitter (1985), the
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root'shoot ratio (RSR) was measured using root length : shoot length
according to Bray (1963) and root'shoot biomass (RSB) was deteremined
using drv weight of root : dry weight of shoot according to Crawely (1997)
were calculated. The fresh and dry weight of the shoots of each plant were
estimated. Three replicates from the soil supporting each individual plant
represents specific species were sampled from different successive depths
from the base of the plant into the end of the root. The soil samples of each
soil depths were analyzed physicaly and chemicaly according Jackson
(1967) and Piper (1947).

To isolate, count and identify the microorganisms of the rhizosphere
of each plant species selected. three replicate samples from each depth of the
rhizospere of each plant were collected. Each sample was cultivated in four
different media by serial dilution methods. These media were nutrient agar.
starch nitrate agar. subouraud agar and malt peptone agar. The plates were
incubated at 25, 30 and 35 “C for two and four days. The grown colonies are
counted in different media afier incubation period. Representative colonies
were isolated from colonies that appeared on cultivated media in different
depths. The isolated colonies were purified by streaking for several times on
the same media and subjected for characerization and primary identificatin
according to Sneath er.al.(1986). Kreger-Van (1984), Krieg and Holt (1984),
Holt er.al.(1994) and Mac Cartney (1996). The correlation between the root
prameters and rhizosphere microflora counts with soil prameters were
evaluated by using t-test according Steel and Torrie (1960). The data
analysed by using the data analysis in Excel program of windows 2003.

RESULTS
Root Length

The roots of most deep and shallow-rooted species studied usually get
longer at 13-30 cm excluding Echium sericum and Ammophylla arenaria
(Fig.1). The primary root of E sericum was the longest root (198.3 cm) in
the deep-rooted species followed by the root of Jasonia maritima (198.0cm),
while the root of Ononis vaginalis was the shortest (183.0cm). In the
shallow-rooted species the primary root of Lotus polphyvllus is the longest
(39.0cm). while the shortest root was that of Aeluropus lagopoides (12.0cm)
(Fig.3).

The longest part of the root in the deep-rooted species was 97.0cm
observed in the root of Euphorbia paralias followed by 81.0cm in E sericum
and Jmaretima in the depth of 15-30cm. The shortest part of the root was
recorded in the roots of O.vaginalis and E sericum were 15cm and 17.3¢cm.
respectively oocupied the depth of 0-15cm.while in £ paralias was 14em at
the depth of 43-60cm, meanwhile in Jmaritima was 25cm at depth whether
30-45¢m and 43-60cm (Fig.1). In the shallow-rooted species the longest part
of the root was 22.0cm in the root of lotus polyphyllus in the depth of 15-
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30em, while the shortest part was 10em in the root of A arenaria in the
depth ol 15-30 cm .
Lateral Roots

Figure (2) showed that most of the lateral roots were concertrated in
the surface depths of the soil in each of deep and shallow roots. In the deep
roots the lateral roots ol E paralias and Jmaritima increased in the surface
depths of soil versus in Qovaginalis and E sericum , which increase in the
deep depth. The highest number of the lateral roots in the soil depths of the
deep roots was 69.0/depth in O vagmalis in the depth of 60-75¢m . while the
lowest number was 1.0/depth in £ sericum in the depths of 15-30cm and 50-
45 cm.

In the shallow roots. the number of the lateral roots increased in the
depth of 0-20 cm excluding in Pancrativm maritima . in which the lateral
roots concenterated at the end of the root bulb. Pancratium maritima which
have the highest number of lateral roots (76.0 lateral root/depth ) recorded in
the soil depth of 15-30cm (Fig.2) in the shallow- rooted species. while the
lowest number was 5.2 lateral root/depth occurred in the depth of 15-30cm
in the root of L polyphyllus.

Figure (3) showed that there was no relation between the length of the
root per soil depth and the number of the lateral rools in the same depth.
Mostly. the total number of the lateral roots in the deep roots was more than
in the shallow roots .

The total number of the lateral roots in O.vaginalis (108.0/root) was
the highest number in the deep-rooted species. Echium sericum have the
lowesl total number of the lateral rools (10.0/root) in each deep or shallow-
rooted species. The lowest (otal number of the lateral roots in the shallow-
rooted species was | 1.8/root in L polyphllus ( Fig.3).

Fresh and Dry Weights of Roots

The fresh and dry weights of the roots decreased with the increase of
soil depth in the deep roots versus in the shallow roots, the weights increase
with the increase of soil depth (Fig.4). The maximum fresh and dry weights
per depth in the deep roots were observed in Q. vaginalis (131.8 and 94.6 gm,
repectively) at the depth of 0-15c¢m, also the minimum weights (0.9 an 0.6
gm. respectively )were observed in the same species at the depth of 60-75
cm .

The maximum of the fresh and dry weights per depth in the shallow
roots were 1215.0 and 905.1gm | respectively at the depth of [5-30cm of P.
maritima rool . While the minimum weights were observed in L polvphvilus
(6.0 and 4.4 gm, respectively ) at the depth of 0-15¢m .

Most of the total fresh and dry weights ol the deep roots were higher
than in the shallow roots excluding in Panaritima . wherease this plant have
the highest value ol total fresh and dry weights (608.9 and 466.8 gm.
respectively) in all root species investigated ( Fig.5 ) . Ammophyla arenaria
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have the lowest value of total fresh and dry weights of the roots (15.0 and
14.7 gm. respectively) . Jasonia maritima have the highest value of the fresh
and dry weights (96.8 and 44.1 gm. respectively) in deep roots , while
E paralias have the lowest value (23.5 and 21.4 gm. respectively).
Water Content of the Roots

The water content percentages of the deep roots were relatively fixed
at all depths of soil, but increased in the bottom depth of soil. In the shallow
roots most ol water content percentages were relatively equal between the

first and second depth. So, there is no relation between the water conten of

the root and the soil depth (Fig.6).

Jasonia maritima charactarized by the highest value of water content
of the root reached 54.5 % at depth of soil from 30 to 45 cm in the deep
rooted species, while L polyphyllus have the highest percentage of water
content of the root (27.0%) at the depth of 15-30cm of the shallow roots
(Fig.6). The lowest percentage of water content of the deep roots was 4.1 %
oberved in the root of E. paralias at the depth of 30-45cm, while in the
shallow-rooted species was 1.2% in the root of A.arenaria at the depth of
15-30cm.
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Fig (1). Relationship between soil depth and root length of deep - rooted
species (A) and shallow-rooted species (B).
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Fig (4). Relationship between soil depth with fresh & dry weight of the
roots in deep — rooted species (A) and shallow roofed species
(B).

The relation between water content of the root and soil moisture content
was diferentiated from one species to the other. For example the soil
supporting E.paralias have the highest percentages of soil moisture
nevertheless , the precentage of water content of the root was the lowest in
the deep-rooted species versus in jmaritima , where the soil moisture
content was low, while the water content of root was high .The same case
repeated in the shallow-rooted species with A.arenaria (high soil moisture
and low water content of the root ) versus in L.polyphyllus (low soil moisture
and high water content of the root ).

Specific Root Length ; Root/Shoot Ratio and Root/Shoot Biomass

The highest value of specific root length (SRL) in the deep-rooted
species was 5.3 in E.paralias . while the lowest value was 1.8 in Jmaritima.
In the shallow-rooted species the highest value was 4.5 in L.polyphyllus,
while the lowest value was 0.05 in P.onaritima (Fig.7). The values of root
length/shoot length (RSR) were high in most of the deep-rooted species.
The higest value was 5.2 in E.sericum follwed by 4.5 in Jmaritima, while
the lowest value was 2.3 in E.paralias. In the shallow-rooted species
L.polvphyllus have the highest value (5.5) of RSR, while A.lagopoides have
the lowest value (0.7).

Figuer (7) showed that the values of root biomass/shool biomass
(RSB) were very low in all the deep and shallow-rooted species excluding
P.martitima having very high value (19.1). The highest value of RSB in the
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The Rhizosphere Microflora

In most of rhizosphere of the plant species invistigated the total of
bacterial counts was the highest, while the total number of fungal counts was
the lowest (Fig.8). There were clear variations between the total number of
microbical types among the rhizosphere of the test eight species. The total
of microbial counts decreased with the increase of soil depth in most species
of rhizosphere investigated execluding the total count of actionomycetes
which increased with the increase of soil depth.

In the deep-rooted species , the highest value of bacterial plate count
was 298+10"gm fresh rhizosphere recorded in the rhizosphere of J.
maritima at the depth of 15-30cm. The rhizosphere of E. sericum had the
highest value of actionomycetes and fungal count 157~10%gm and
[4<10%/gm. respectively recorded at the depths of 75-90 ¢cm and 0-15 cm
respectively. The lowest values of bacterial count were recorded in the
rhizosphere of  E sericum (124<10%/gm) at the depth of 75-90cm. while the
lowest value of actinomyceles was 84+ 10° /gm detected on rhizosphere of
O.vaginalis in the depth of 15-30cm. The values of fungal counts reach to
1=10%gm or dissappeared on the rhizosphere of E. sericum, O.vaginalis and
E paralias in the last depthes of soils (Fig.8). The highest value of yeast
count was recorded in rhizosphere of Q.vaginalis (39=107/gm) in the depths
of 0-15. while the lowest value was 2+<10%gm recorded in rhizosphere of
E paralias at the depth of 60-75¢m.

Most of total microbial count detected on rhizospheres of shalow-
rooted species were less than those in the deep-rooted species excluding in
A arcnaria. The rhizosphere of A arenarta characterized by the highest value
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of bacterial and actinomycetes  count l257--’|(f'/g|n and l(‘dfl()‘f'gm.

respectively) at the depths of 0-15 and 15-30cm and the lowest values of
yeast and fungi (118~ 10%gm and 77-10%gm, respectively) at the depths of

15-30 and 0-15 respectively, The highest values of fungi and yeast were
recorded in - rhizosphere ol A lagopoides (9= 107gm and 22~ 10%/gm,
respectively) at the depth of 0-15¢m (Fig.8). Nineteens microbial were
isolated [rom rhizospheres of eighteen plant species.

Lighteen microbial isolates isolated from the rhizospher of deep-
rooted species.while seventeen  microbial isolates isolated from  the
rhizosphere of shallow-rooted species. The highest number of microbial
isolates was 13 genera recorded in rhizosphere of £ paralias and Jmaritima,
while the lowest number (6 genera) recorde on rhizosphere of A lugopdides
(Table 1). The bacterial isolates represented by 46.4% from total microbial
isolates isolated from the rhizosphere of deep and shallow- rooted species.
These isolates were found to belong to eight genera, Agrobacterinm,
Bactllus, Coryvnebacterium, Micrococus, Pseudomonas,  Streptococens,
Azotobacter, and Rhizobium. The bacillus sp. and Pseudomonas sp. recorded
on deep and shallow roots in dilerent depths. The fungal isolates represented
by five genera Asperigullus, Pemicillivm, Mucor, Fusarium and Trichoderma
with ratio of 23.2% from total’ microbial isolates. The recorded
actinomyeeles isolates  found belong 1o three genera,  Strepiomyees,
Thermoactinomyces, and Nocardia represented by rectangle 16.2% from
total microbial isolates. The yeast group represented by three genera,
Candida. Rhodotorula and Sporobolomyces with low percentage of 15.1%
from total microbial isolales. Two bacterial genera and one  genus
actinomycctes have the highest presence (100%) in all rhizospheres plants
investigated, These genera were Bacillus, Pseudomonas, and Streptonyees.
Trichoderma has the lowest percent (12.5%) from all rhizospheres plants
investigated.

In the deep-rooted species the highest presence (100%) of microbial
genera recorded were in Bacillus, Pseudomonas, Asperigullus, Rhizobtim
and Streptomyees Four microbial genera had the lowest precence,these were
Azotobacter,  Penicillium, Nocardia and Sporobolomyces. Tricoderma was
not recorded on deep roots. Five microbial genera had the highest presence
(100%) recorded on the shallow roots, these were Bacillus, Pscudomonas,
Mucor, Streptomyces and Candida. Seven genera had the lowest presence
(25%) recorded on the shallow roots, these genera were Corvachacterium,
Micrococus,  Streptococcus,  Penicillium,  Fusarium,  Trichoderma  and
Rhodotorular. Two genera are not isolated from rhizosphere of the shallow
rools, Rhizobim and Thermoactinomyces.
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TABLE (1). Presence (P%) of microorganisms species isolated from the
rhizosphere of deep and shallow-rooted species.

= Deep-tooted species Shallow-rooted species
g —
S |l =] 9l s g | =] 3| General
g Species solated 3 ;‘; SIS p | S| 2| 5|8 p | Presence
& A HEEHE IR
2 IR <| 5| =3
=
[grobacterium sp - | + | 4 + 75 - - |+ |- 30 625
Azobacter sp + | - - - 25 -+ |+ =] 50 375
Bacillus sp + |+ | 4 + 100 [+ |+ |+ [+] 100 100
g Conaebacteruum sp - -+ ]+ 50 |+ | - - [~ 25 375
g Micrococcus sp + + - - 50 + -+ |- 30 50
Psendomonas sp + |+ |+ | + 00 | + | 4+ | + |+ 100 100
Rluzopium sp + |+ |+ | 4 100 | - & = | = - 50
Streptocaccus sp + |+ |+ = 75 = + - |- 25 50
Aspergillus sp + |+ |+ |+ 100 | - |+ |+ |[+] T 875
_ Fusartnum sp + | + - + 75 - 4 - |- 25 50
g Mucor sp ST+ o[+ ]+ [+ «[rwo] 75
a Pemciliinm sp - - |4 - 25 + .. - -] 25 25
Tricoderin sp - - - - - - - + -] 25 12.5
: Nocurda sp - - - + 25 B + |+ -] 75 50
i Strepronnces sp 4 + | + + 100 | + + + [+ | 100 100
’ Thermooctmomyeessp | - | - | + | + [ 30 = e | -] = 25
_ Candida sp 4 -+ ]+ 75 + |+ |+ [+] 100 875
é Rhodotornlar sp + |+ | - | 4 35 1+ -]-1]-1 2 50
- Sporobolomyces sp - -+ - 25 -+ - J= | A5 25
Total number of species 11313 i1 ge
Soil of the Root

The soils of deep and shallow roots were mainly sand (Table.2). In
soils of deep roots the percentage of sand increased relatively with the
increase of soil depth (Tables 3,4,5 and 6). The percentages of silt and clay
decreased with the increase of soil depth. The soil moisture content
increased with the increase of the soil depth in the soils of E.sericum,
O.vaginallis and E.paralias versus in soil of J. maritima it was decrease with
the increase of soil depth. The highest value of soil moistur in soils of deep
roots was 2.1% at depth of 75-90cm of E.sericum root. The soils of the deep
roots disposed to the alkalinity. The pH value defrentiated in the soil depth
and relatively decreased in the last soil depths of the deep roots excluding in
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Jmaritima root (Table.2). The highest value of pllwas 9.5 recorded in soil
ol E paralias at depth ol 15-30cm. The value of salinity (1:C) decreased
slightly with the inerease ol soil depth of all deep roots excluding J maritima
rool. The highest value of salinity was 863.0 p mohs/cm al the depth 45-
60cm ol L paralias root, while the lowest value waos 1594 p mohs/em
recorded at the depth 15-30em of Fosericun rool. The pereentage ol organic
carbon (O.C) was very low in most of soils of the deep roots, The highest
value of O.C (2.2%) was recorded at depth of 75-90cm ol o sevicum rool
The cations were increased slightly prallel with the increase ol the soil depth
ol all deep roots excluding calcium ions decreased with the increase ol soil
depth in Jmaritima root (Tables.2,3,4,5 and 6). The percentage ol CaC'0;,
increased with the increase ol soil depth of all deep roots excluding in the
soil of (). vaginallis while deercased parallel with the soil depth, The highest
value of CaCOy (28.8%) was recorded at the soil depth ol 30-45¢m ol
b= sericun rool, while the lowest percentage was 1.0% recorded in depths ol
15-30em and 60-75¢m ol Esericum rool and  depth ol 45-60cm of
O vaginallis rool,

In the soil of the shallow roots, the values of most soil propertics were
relatively similar in both soil depths of 0-15¢m and 15-30cm (Table 2). The
percentages of clay in soil depth 15-30 em were less thian in depth ol 0-15¢m
ol L polvphvllus voot. The soil of Ponaritima charecterized by the highest
percentages of clay and organic carbon (1.5% and 0.11%, respectively) in
the shallow roots specialy at depth of 15-30c¢m. The soil moisture content al
the depth 15-30em was less than at the depth O=15¢m of A arenaria and
L.polyphyllus rools, while it was at depth 0-15¢m more than depth 15-30c¢m
in soil of P.maritima rool, The highest value of soil moisture in the soils of
shallow roots was 3.2% recorded in depth 0-15¢m ol A lugopoides rool. The
pereentage of organic carbon increased with the increase of soil depth of
shallow roots (Table, 2,7.8 and 9).

The value of EC was higher at depth 15-30cm than at depth 0-15¢m
ol P.maritima root,while in the soils ol L polyphyllus and A arenaria rools it
was less in depth 15-30em  than in depth 0-15em. The highest value of
salinity in soils of shallow roots was 640.6pmohs/cim recorded in soil depth
0-15¢em ol A lagopoides rool.

DISCUSSION

The smilarities and the differences in the rool system ol species were
studied based upon the quantitative analysis of the environmental conditions
ol these roots. The deep roots of the studied plants were distributed n the
shape of triangle except ol £ sericum ool distributed i the shape ol vertical,
The shallow roots of the studied plants were concentrated near the soil
surface in the shape ol rectmple. The concentration ol roots near the soil
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surface Tor most species in all grasslands types may be important for plant
survival. The differences in the shape ol roots of the grasses resulting from
the adventitious roots, which limit the ability of the change of the rool
distribution with the change in the recources (Sun ¢f al. [ 1997).

The distribution ol absorbing roots determines the location of water
extraction in the soil. As a general rule plants have their higher root densities
in the top soil, however important changes in rool distribution occur across
species. The most conspicuous are those between grasses, shrubs, and trees
(Jackson ¢r /.. 1996 and 1997). The results indicated that the deep roots
clongate due to the increase of the percentages ol sand, soil moisture,
organic carbon and the value of pll in the trend of alkalinity, while the
increase of salinity reduces the root clongation (Tables 34,5 and 6). For
these reasons, the root of E.sericim had the highest elongation at the depth
of 15-30c¢m, while £ paralias had the lowest elongation at depth of 45-60em.
Kramer and Boyer (1995) found that the rale of rool elongation varies
widely among species, with the season, with variation in such soil conditions
as water content, acration and temperature. In deep. well-aerated soil, roots
penetrate to great depths and spread widely. Vartanian (1981) reported that
drying soil reduced root elongation but increased the number of new lateral
rools in Sinapis alba.

Greacen and Oh (1972) found that wet soil had less resistance to root
growth than the same soil at a lower water content and that root growth was
more rapid in the witter soil. The roots are the most sensetive organ and
affected first under salt stress (Levitt, 1980 ; Okusanya and Unger, 1984).
Zidan ¢r «l.(1990) found that inhibition of root growth in maize under
salinity is due to reduction in the length of root tip elongation zone and
decline in cell division rate. Accumulation of proline of roots under stress
condition is clearly associated with the reduction in root growth and decrease
in mitotic index with increase in NaCl condition (Hossain ¢f al., 2004). In
the shallow roots. the root elongation was increased parallel with the
increase of soil moisture, organic carbon of soil and pH value, while it was
injured due to the increase of clay percentage (Tables 7,8 and 9). Kramer
(1983) found that the clay soil had inhibitory effect on root penetration of
maize

The data analysis (Tables 3,4,5,6,7.8 and 9) indicates that the major
reasons causing the increase of lateral roots number in the deep roots were
the increase of soil salinity. sand percentage, CaCOs and the length of root.
In the shallow roots the number of lateral roots increased with the increase
of soil moisture and salinity. The increase of soil alkainity caused decrease
in number of lateral roots in both deep and shallow roots. Sun ef al.(1997)
found that the concentration of roots near the surface is a critical feature that
allows for acquistion of below-ground resources and, consequently, plant
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survival, because both soil water and nitrogen are concentrated near (he soil
surface (Hayes and Scastedt, 1989 ; Sala er al.,1992).

The fresh and dry weights of the deep roots were increased as a result
of the increase of clay percentages and pH value and decreases parallel to the
decrcase of soil depth, soil moisture and sand percentage. Montasir and
Selim (1956) observed that when the relative saturation of soil water content
increase or decrease above or below 60%, the fresh and dry weight of
Helianthemum luteum root decrease. In the shallow roots the fresh and dry
weights were increased due to the increase of soil depth, organic carbon and
root length and the decrease of CaCOs. So, the root of P.maritima had the
highest value of fresh and dry weights. The root of this plant is a huge bulb.
Most of the roots of the plants grown in low nutrient soil charecterized by
storage tissues (Crawely, 1997). On the other hand the increase of fresh and
dry weights of P.maritima and J.maritina may be due 1o the increase of
water content of these roots as a result of increase of lateral roots, which
absorbing a high quantity of water from the soil.

The value of SRL increase in the deep and shallow roots studied due
to : 1) increase the length of the root, 2) the plants grown in low nutrient
environment, 3) production of lateral roots, and 4) high soil-water utilization.
These results agreement with Christie and Moorby (1975), Robinson and
Rorison (1983), Fitter (1985), Holmes and Rice (1996) and Crawely (1997).
Kramer (1983) stated that the increased of root/shool ratio (RSR) found in
the plants subjected to water stress. In this study E.sericum and L.polphyllus
had the highest value of RSR. The aveage of soil moisture is very low
(1.55% and 0.8%, respectively)comparable with the other species.Soil water
deficits often reduce shoot growth befor root growth is reduced resulting in
increased root/shoot ratios in moderately water-stressed plants (Boyer,1970).
The mean hieght of E.sericum (13.5cm) and L.polphylius (14.8cm) consider
the lowest hieght in the deep and shallow-rooted species. The wide variation
in the range of RSR resulting from the wide variations in water suply and
other environmental factors to which plants are oflen subjected during the
growth season, as well as to genetic variations among plants such as grasses
and root crops (Kramer and Boyer, 1995). The plants grown in low nutrient
soil charecterized by small volume which causing increase in RSR
(Crawely,1997). The ratio of rool/shoot biomass (RSB) were very low in all
the deep and shallow-rooted species excluding P.martitima having very high
value (19.1). Bray (1963) reported that an average of 40% of the dry matter
of 28 species of herbaceous plants occurs in the roots, the percentage being
highest in root and tuber crops. Head (1967) found that the vigorous shoot
growth reduced the production of new roots on apple and plum because it
leaves little carbohydrate 1o be translocated to the roots. Development of
fruits and seeds sometimes reduces root growth (Kramer, 1983). The data
analysis indicated that the water content of the rool increases with the
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increase of soil moisture, Ca, K and CaCO; and decreases with the increase
ol plland dry weight.

The interaction between plants. microorganisms and soil component
can be broadly classified into biological and abiological interactions.
Biological interactions involve the growth and multiplications of plants,
microorganisms and the secretion of organic substances. Abiological
interactions involve physical and physicochemical interactions. Physical
interaction is related to geometry and cohesion and soil matrix. They include
on spore size distributon, water retention, aggregale stability and mechanism
properaties  of soil physiochmical interactions include in  sorption,
dissolution, hydrolysis, oxidation, and other prameters such as pH (Chenu
and Stotzky, 2002).

The results indicated that the total bacterial, fungal and yeast count
increased with the decrease of soil depth  versus the total count of
actinomyceles increases with the increase of soil depth, that is in agreement
with Bolton er «l.(1993) and Fritze er «l.(2000), This may be due 1o
deficiencies in the rate of oxgen and carbon dioxid ratios (Burges,1958 ;
Richaume er «l.,1993). The main [actors causing increase ol total bacterial
count in the rhizosphere of decp-rooted species were the increase of pH,
fresh and dry weight of the root and the decrease of soil depth, organic
carbon, Ca, K and Mg. Kuske e al. (2002) found that the fotal bacterial
community and the Acidobacterium division bacteria were affected by soil
depth in both the interspaces and plant rhizospheres. They stated that the
bacterial abundance affected by the limiting resources of nitrogen and water
at different depths. The low number of bacteria in acidic soil is apparently
indirect response (o (heir inability to tolerant these pH (Theng and Orchard,
1995). The total bacterial count in the rhizosphere of shallow-rooted species
increased with the increase of soil moisture and EC, while it was decreased
with the increase of pH. Anter (1976) found that the count of aeropic spore-
forming bacteria, gram negative bacteria and the count of’ Azotobacter were
affected by soil salinity level,

The data analysis tabled in tables (3,4,5,6,7,8 and 9) indicated that the
main factors affecting the increase of tofal actinomyceles count on
rhizosphere ol deep roots were the increase of soil depth and the decrease of
fresh and dry weights of the root, number of lateral roots and total count of
bacteria. In the shallow roots the total count of actinomycetes increased with
the increase of soil depth, organic carbon, fresh and dry weights, while it
decreased with the incrcase of bacterial count. This may be due to the
competion between bacteria and actinomycetes. Dormaar and Faster (1991)
explained that rhizosphere zone contain high level from organic and
inorganic matter compare with ordinary soil. This organic takes many forms
such as sceretions of roots, muciluyes from root cap, epidermal cells and
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The reduction ol fungi in soil is not because most fungi are intolerant
to the acidic soil only but also probably because bacteria and actinomycetes
are elTicient comptitors and prevent establishment and proliferation of fungi.
The results indicated that the main factors causing increase of total fungal
count on the rhizosphere ol the deep roots were the increase of [resh and dry
weights, while the increase of soil depth, organic carbon and the number of
actinomycetes causing deercase in the total count of fungi. In the rhizosphere
of the shallow roots, the main reasons of the increase of fungi were the
increase ol CaCO; and the decrease of soil depth, organic carbon, and fresh
and dry weights of the rool.

The percentage of silt was the main factor causing the increase of lotal
count of yeast on rhizosphere of the deep-rooted species, while the increase
ol soil depth causing decrease ol this count. In rhizosphere of shallow-rooted
species the increase of soil moisture and the number of lateral roots causing
increase in the total count of yeast.

The result obtained from microbial isolation and identification
revealed that microorganisms on rhizosphere zones studied belong to four
groups ol bacteria species represented by high percentage (46.4%). fungi
represented by 23.2%, actinomycetes represented by 16.2% and yeast
represented by low percenlage (15.1%). The Bacillus and Pseudomonas
species represnted by high percentage from other bacterial species. Nagao er
al.(2001) obtained macrolacting antibiotic from Bacillus sp. and Lampis ef
al.(1996) isolated Karalicin a new biologically active compound from
Pseudomonas sp. On the other hand the bacterial species play important role
for fertilization of soil such as Azotobacter and Rhizobium. The Aspergillus
sp. represented high percentage from fungal isolales. Suzuki er al. (1997)
isolated novel antitumor antibiotics from Aspergillus sp.

In the actinomycetes group, Swreptomyces sp had the highest
percentage; It is known that Streptomyces genus. Only produce more than
60% from total antibiotics produce by microorganisms.

The interaction between different types of microorganisms on
rhizosphere zone may be effect on appear certain types of microorganisms
by complators processes and prevent establishment and proliferation or
stimulation of the other plants and microorganisms.

In general it is concluded that the part of the root in the soil depth of
0-30cm conseder the active and important part of the roots in both deep and
shallow-rooted species investigated in coastal sand dune habitat. This may
be due 1o the following: 1) the highest elongation of the root recorded in this
depth, 2) the highest number of lateral roots of most plant species, 3) the
highest value of fresh and dry weights ol all roots, and 4) the highest number
of bacteria. fungi and ycast isolated [rom all rhizospheres investigated. This
conclusion is in agreement with many authers e.g. Walter (1971) who

suggested that grasses with adventitious roots intensively acquire recources
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from relatively shallow layers whereas shrubs with horizontaly and vertically
spreading roots can also acquire resources [rom deep and shallow layers,
Sun ¢ al. (1997) found that the peak of root density in the grasses in North
America at depth ol <15em. Jackson ef al.(1996) reported that grasslands
had some of the shallowest rooting proliles with 80-90% ol the roots in the
upper 30cm of soil. Shrublands were reported to only have 60-70% of the
root in the upper 30cm of soil. Grasses as [unctional group had 44% of their
roots in the top 10em of the soil and shrubs had only 21% of the roots in the
same upper soil level,
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