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Abstract: Seedlings of two Acacia species; Acacia ehrenbergiana (Hayne.) and Acacia fortilis (Forssk.),
grown in Dirab Valley (N.24° 24' 337, E.46° 39" 40, South Riyadh, KSA, were inoculated with four Rhizobium
strains; (AER), solated from nodulated roots of Acacia ehrenbergiana, (ASR) strain 1solated from Acacia
saligna, (ATR) strain, isolated from Acacia tortilis and (LLR) strain isolated from Leucaena letcocephala to
evaluate growth response and ability of such species to form root nodules under salt stress and to obtain an
indication of nitrogen fixation potential during two successive seasons. Results demonstrated that, salt
concentration affects growth parameters of seedling, root nodulation and nitrogen fixation of Acacia
ehrenbergiana (Hayne.) and Acacia tortilis (Forssk.). Increasing of salt concentration led to decrease growth,
nodulation and nitrogen fixation. The harmful concentration of salt was 3% NaCl, since Rhizobium strains were
affected by salt stress in the soil, yet the most salimty-tolerant strain was AER followed by strain ASR and the
least tolerant strain of salinity was LLR. Acacia ehrenbergiana displayed the highest tolerance of salt stress
than Acacia tortilis. Our experiment suggested that the inoculated legume trees with salinity-tolerant
Rhizobium strains in the nursery should establish an effective mtrogen fixing symbiosis, which may be more
tolerant of salimty after outplanting. It has been emphasized that the selection of legume host from ughly saline
or non saline habitats appeared to be the most mmportant factor governing compatible Rhizobium strains to
nodulation and N, fixation under salinity hazards.
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INTRODUCTION

Several environmental conditions are considered as
limiting factors which may inhibit growth and activity of
Ny-fixing plants. Salinity is the major environmental factor
limiting plant growth and its productivity; it may act as a
water stress factor which may affect photosynthesis or
directly inhibits nodule metabolism [1]. In the case of
Rhizobium-legume symbioses, the process of N,-fixation
1s strongly related to the physiological status of the host
plant. Root nodules are the site of a beneficial symbiotic
association between legume plants and soil bacteria
commonly denominated as Rhizobia. Plant supplies
bacteria with an energy source, malate or succinate. In
turn, bacteria fix the atmospheric N, gas to NH,,
providing the later to plant for assimilation into amino
acids, protein and other nitrogenous
compounds. Typical environmental stresses faced by
legumes and their symbiotic partner (Rhizobium) may
mclude photosynthetic deprivation, water stress, salimty

essential

and temperature [2]. Salinity constrains seriously the
production in irrigated agriculture throughout the world.
Nearly one third of the world's irrigated agricultural land
is saline and current estimates put forwards as a salt-
affected. The relationship between soil moisture, growth
of legumes and theiwr potential for nodulation and N,-
fixation has long been recognized, increasing the salimty
of soils results m decreased productivity of most
economic crops. The physiological features of ‘salt-
stress’ and responses of plants m adapting to and
surviving under saline conditions have been extensively
studied. Although a limited number of legume species
have been assessed, most have been relatively sensitive
to salt [3]. Some salt-tolerant lines of certain legumes have
been reported by Abdel Wahab and Zahran [4] and
Cordovilla et al. [5]. Other legumes are salt tolerant, but
legume hosts are less tolerant of salt than their RAizobia
[6, 7]. Legumes and woody legumes have been ranked as
appropriate crops for the enhancement of bioproductivity
and the reclamation of marginal lands because these
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plants not only yield nutritive fodder, protein-rich seeds
and fruits, but they enrich soil nitrogen in symbiotic
assoclation with Rhizobium as well. Nodulation and
nitrogen fixation m legume-Rhizobial associations are
adversely affected by salinity, which can preclude legume
establishment and growth, or reduce crop yield [8].
Unsuccessful symbiosis under salt-stress may be due to
failure in the mfection process because of the effect of
salinity on the establishment of Rhizobia [9]. Nodulation
and nitrogen fixation are more sensitive to osmotic stress
than are Rhizobia itself. The effects of salt stress on
nitrogen fixation have been examined by Lauter ef al. [10],
Rai and Prasad [11] and Velagaleti and Marsh [12], but
have responded
differently to salimty. Some woody legumes, e.g.

leguminous woody tree species
Prosopus spp., Acacia spp. and Leucaena purpureus
produce indeterminate (meristematic) nodules which are
more salt tolerant than determinate (non-meristematic)
nodules formed by other legumes [13]. Only the
mndeterminate nodules have the potential to regenerate
activity and structure distorted by stress treatments, while
Rhizobia might be able to withstand and successfully
multiply under severe salimity, their nfectibility and
nodulating ability may change [14]. The formation of
effective N,-fixing nodules under salt stress depends on
the presence of effective strains of Rhizobia and
leguminous plants, which have the ability to form early
nodules. Abdel-Wahab ef al. [15], Sprent [16], Vance and
Heichel [17], Drevon et al. [18], Gonza'lez et al. [19] and
Serraj et al. [20] concluded that exposure to salt or
drought stresses decreased nodule permeability. This
decrease is associated with a contraction of nedule inner-
cortex cells and an increase in abscisic acid content of
nodule [9, 21, 22, 23] Salt induced inhibition of
nodule
compensated by raising PO, in the nodulated-root
rhizosphere [24]. The specific sensitivity of the symbiotic

nitrogenase  activity and respiration  1s

nitrogen fixation (SNF)-dependent legumes to salinity is
well documented for imtiation, development and function
of nodules. Abiotic stress such as salimity or drought led
to decreases nodule permeability [25, 26].

Saudi Arabia (Tat. 32°34'N-16° 83 N, Long. 34° 36 E-
56' E) is a vast arid desert with an area of about 2250,000
sq kms covering the major part of the Arabian Peninsula
[27], which subjected to dry wind. Drought, scarce of
precipitation and extreme high temperature are the most
common characters of this region within the country.
Under these conditions soils are affected by salimzation
and drought. Nonetheless the importance of Acacia
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species in Saudi Arabia, no attention has been given to
their root-nodule symbiosis especially under salinity,
drought and high temperature. The objectives of this
study were to evaluate growth response and ability of two
local woody legume trees, Acacia ehrenbergiana
(Hayne.) and Acacia tortilis (Forssk.) to form nodules
when planted under salt stress in Riyadh region; and to
obtain an indication of the nitrogen fixation potential of
the species.

MATERIALS AND METHODS

Site and Woody Legume Trees Used in the Study: The

experiment was conducted in Forest Physiology
Laboratory and Greenhouse Facilities, Unmversity of King
Saud at Dirab Valley, (N.24% 42 33", E 46" 44 40",
Alt.600m), Scuth Riyadh, KSA. The climate in this part
has been classified as arid environment with cold winter
and hot summer. Mean, maximum and minimumn
temperature and maximum relative humidity during two
successive seasons (2009-2011) are shown in Table 1. The
aims of the study were to evaluate growth response and
ability of two woody legume trees namely;, Acacia
ehrenbergiana (Hayne.) and Acacia tortilis (Forssk.)
to form nodules when planted under salt stress in
Rivadh region and to obtain an indication of the nitrogen
fixation potential of the species. Physical and chemical

characteristics of soil are given m Table 2.

Bacteriological Studies: Bacteria were chosen and
1solated from the roots of the two woody legume trees
(mentioned below). were named by an
abbreviation of the host tree followed by the name of

Isolates

Rhizobium strains. Nodules were sampled from roots
of young trees and seedlings. Strains were abbreviated
as AER, ASR, ATR and LLR for isolates from, Acacia
ehrenbergiana  (Hayne.), Adcacia tortilis (Forssk.),
Acacia saligna (Labill.) and Leucaena letcocephala
(Lam.), respectively. Root nodules were mnmersed in
95% ethanol for 10 seconds and 0.1% mercuric chloride
for 5 min to disinfect the surface, then rinsed several
time with sterilized water. Each nodule was crushed on
plates contaming yeast extract mannitol agar (YEMA)
with 0.0025% (w/v) Congo red [28]. After incubation for
3 days at 28 °C single colonies were selected and
transferred several times on YEMA plates to ascertain
purity of Rhizobia strams 1solated and kept n YEMB
(yeast extract-manmtol broth) liquid with 20% glycerol
at-20°C for further processing.
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Table 1: Mean, maximum and minimum temperature and maximum relative humidity during two seasons of study

Temperature (°C)

Maximum Relative

Experimental season Maximum Minimum Mean Humidity (%6)
2009/2010 25.78 11.75 18.77 65.26

2010/ 2011 28.38 12.20 20.29 58.80

Table 2: Physical and chemical analyses of soil used

Particle size distribution (%6) Soluble cations (meg/T) Soluble anions (meq/1)

Sand Silt Clay Soil texture  pH EC (dS/m) Na* Kt Ca"™ Mg HCO;  COs SO Co
62.92 22.32 14.76 Sandy loam  7.86 6.53 3043 2.47 25.0 7.40 2.16 - 7.20  30.60

Seedlings Production and Incubation with Rhizebium
To break mechanical
dormancy owing to seed coat, seeds
ehrenbergiana and Acacia tortilis were surface-sterilized
and treated with hot water then soaked for two days and
germinated i sterilized mixture soil of sand and
vermiculite 1: 1(V/V) in the greenhouse maintained at day

Strains and Salt Treatments:

of Acacia

/might temperatures of approximately 25°C. Two weeks
after germination, the seedlings were transplanted to pots
of 16 cm diameter containing approximately 3 kg soil and
watered manually with tap water. After six weeks,
seedlings growing in pots were inoculated with 20 ml
(approximately 10° bacterial cells ml/plant) of Rhizobia
straing grown in YEM broth incubated for 3 days with
shakmg (200 rpm) at 28°C. Seedlings were allowed to
establish for 15 days after which time the salt (NaCl)
started. Afterwards, seedlings were
separated into four groups (three plants per treatment)
and 1wrigated with nutrient solution supplemented with
0 (control), 1, 2 and 3% of NaCl in the base of volume.
Avoidance of salinity shock, the 3% concentration was

treatment was

mcreasingly exercised m 6 applications by 0.5% salt
increase each. Seedlings were harvested at 60 days of the
artificial inoculation with Rhizobium strains. Seedlings
and Rhizobial strains were evaluated for their symbiotic
potential (nodulation) under salinity stress. The numbers
of nodules were counted, stem, root and nodule dry mass
measured for each seedling after oven-drying at 80°C for
48 hours. The height of seedlings and total N content of
the seedlings at the final harvest was measured using the
Kjeldahl method as specified by Bergersen [29].

Nitrogen Fixation Assays: Nitrogen-fixation activity in
root nodules was determined by C,H, reduction assay
(ARA) using a gas chromatograph equipped with a flame
ionization detector (Carlo ERBA strumentazione) to
measure the

nitrogenase activity of root-nodules.
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Root nodules were placed in 100 ml rubber-capped vials
containing C,H, (10% v/) in air. After an hour of
incubation, the amount of ethylene was determined by
taking 1 ml gas samples and the acetylene reduction rate
was measured as described by Ligero et al [30].

Statistical Analysis: Data were statistically analyzed in
each season for growth parameters, nodules and nitrogen
fixation using analysis of variance procedure for split-plot
design in RCBD as described by Gomez and Gomez [31].
Means of treatments were compared with the Least
Significant Difference Test (I.S.D) at 0.05 level of
probability [32].

RESULTS

Effect of Salt Concenirations on Growth, Nodulation and
Nitrogen Fixation: Data presented in Table 2 indicated
that seedling parameters were varied with the salt
concentrations within the two seasons. Highly significant
differences were found between seedling height and
total mitrogen content, while significant differences were
found between number of nodules, nodules dry weight
and nitrogen fixation. Moreover, the interaction between
species and salt concentrations were sigmficant in
seedlings height and total nitrogen content at first
season. On the other hand, m the second season, ughly
differences were found at seedlings height, total nitrogen
content, number of nodules per plant and nitrogen fixation
and significant differences was m stem dry weight. The
interaction between species and salt concentrations were
sigmificant at total mtrogen content and stem dry weight.
Seedling parameters of Acacia species in the presence of
salt concentrations are summarized in Table 2. Without
salt (control treatment), growth parameters, nodulation
and nitrogen fixation were given the highest mean values
compared with the salt treatments used in the study at
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Table 3: Mean values of growth, nodulation and nitrogen fixation as affected by Salt concentrations during two seasons

Salt concentration (%o)

First Season

Second Season

Seedling parameters Control 1 2 3 L.8D Control 1 2 3 L.8.D
Height (cm) 38.54 29.83 28.71 27.13 340 38.04 3l.6l 27.67 2592 4.17
Total nitrogen content /plant 18.99 1688 15.14 13.61 0.99 18.31 16.94 14.98 12.92 0.01
Number of nodules 45.67 3346 2379 19.29 15.84 3302 21.35 11.92 517 851
Nodules dry weight (mg) 0.61 0.28 0.23 0.18 0.29 0.32 0.72 0.09 0.26 0.73
Root dry weight (gm) 2.72 2.51 2.88 3.09 0.80 304 3.25 2.54 2.48 0.91
Stem dry weight (gm) 6.37 5.23 0.22 5.61 1.47 6.05 5.60 411 4.10 1.20
Nitrogen fixation (wml/1) 1.05 1.03 0.82 0.57 0.33 1.31 1.25 0.84 0.36 032
Table 4: Effect of salt concentrations on Acacia species, growth pararmneters, nodulation and nitrogen fixation as affected by salt concentrations during two seasons
Salt concentrations (%4
First season Second season
Seedling Parameters Species control 1 2 3 L.8D interaction  control 1 2 3 L.3 Dinteraction
Height (crmm) Acaciz ehrenbergiana 4325 31.08 2733 26.92 4.80 45.25 3975 3258 3175 589
Acaciz tortilis 33.83 28.58 2733 3075 3075 2378 2278 20,08
Total nitrogen content (ng/plant)  Acacia ehrenbergiana 19.38 16.75 15.50 13.90 0.007 1855 16.73 1570 12.90 0.008
Acaciz tortilis 18.60 17.00 1478 13.33 1808 17.15 14.25 12.94
Nurnber of nodule plant— Acaciz ehrenbergiana 3233 26.58 1825 11.75 22.39 3975 21.53 14.58 6.50 12.03
Acaciz tortilis 59.00 40.33 2533 2683 23.08 2117 8.00 383
Nodule dry weight (mg) Acaciz ehrenbergiana 0.77 0.20 016 0.10 042 0.37 0.26 013 0.02 1.04
Acaciz tortilis 044 0.37 01e 0.36 027 118 0.05 0.03
Root dry weight (gr) Acaciz ehrenbergiana 2.54 3.01 292 3.30 1.13 3.67 3.01 267 2.61 1.28
Acaciz tortilis 240 1.9 283 2.89 242 3.4% 229 246
Stem dry weight (grm) Acaciz ehrenbergiana 5.66 4.87 470 4.39 2.08 722 4.88 4.36 4.47 1.69
Acaciz tortilis 7.08 5.5¢ 773 6.83 4.89 6.45 385 376
Nitrogenase activity qunolimin/g)  Acacia ehrenbergiana 1.12 1.01 0.85 0.67 046 1.19 1.03 091 0.41 0.46
Acaciz tortilis 0.93 1.03 07e 0.47 143 143 077 0.31
two seasons. Only root dry weight in the salt  Effect of Rhizobium Strains on Growth, Nodulation and

concentration 3% gave the highest mean average
than control treatment m the first season, while in
the second season salt concentration 1% gave the
highest mean average at nodule dry weight than
the control treatment (Table 3). Acacia ehrenbergiana
was the most tolerant of salt concentrations than
Acacia tortilis and the most effective salt concentration

was varied from 2-3% between the species in the
first season, while it was 3% in the second one
(Table 4). Results demonstrated that, salt

concentration affects growth, nodulation and nitrogen
fixation of two Acacia species used in this study. With
increasing salt concentrations, growth and nodulation
and nitrogen fixation were decreased. The most harmful
concentration of salt was 3% under condition of Riyadh
region (Fig. 1).

Nitrogen Fixation: Data presented m Table 5 revealed
that there are lghly sigmficant differences between
Rhizobium strains 1n both seasons. Seedlings height, total
nitrogen content, number of nodules, nodules dry weight
showed Iughly

differences, while no significant was found of root and

and mtrogen fixation significant
stem dry weights in two studied seasons. The interaction

between species and Rhizobium strains were not
significant in two seasons, except the total nitrogen
content (Table 5). Rhizobium strain AER excelled in
growth parameters, nodulation and nitrogen fixation than
the strains ASR and LLR. Studied Rhizobium strains were
able to cause sigmficant responses for seedling
parameters in the both seasons moreover, nodulation and
nitrogen fixation (Table 5). The most species response to

Rhizobium strain was Acacia ehrenbergiana followed by
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Fig. 1: Nodules isolated from seedlings of Acacia ehrenbergiana (A and B) and Acacia tortilis (C and D) under salt

concentration 3% NaCl.

Table 5: Mean values of growth, nodulation and nitrogen fixation as affected by Rhizobium strains during two seasons

Rhizobium strains

First Season

Second Season

Seedling parameters AER ASR ATR LLR LSD AER ASR ATR LLR LSD
Height (cm) 3467 32.04 30.50 27.00 340 35.96 3361 28.25 2542 4.17
Total Nitrogen content /plant 1785 17.40 15.75 13.63 0.30 17.70 15.53 15.01 14.91 0.006
Number of nodules 57.04 41.80 12.46 10.92 15.84 33.83 2018 12.33 5.83 8§51
Nodules dry weight (mg) 0.70 0.38 0.11 0.10 0.29 0.28 025 0.08 0.55 0.73
Root dry weight (em) 3.07 2.92 2.91 2.30 03 .93 2.93 241 3.03 091
Stem dry weight (gm) 6.52 540 522 6.27 1.47 4.84 440 4.88 527 1.92
Nitrogen fixation (nmol/min/g)  1.26 1.06 0.45 0.69 0.33 1.57 0.86 0.70 0.63 032
Table 6: Mean values of growth, nodulation and nitrogen fixation as affected by tress species during two seasons

Tree species

First Season Second season
Seedling parameters Acacia ehrenbergiana Acacia tortilis L.SD Acacia ehrenbergiana Acacia tortilis LSD.
Height (cm) 3283 29.27 5.99 37.35 24.26 4.21
Total nitrogen content /plant 16.38 15.92 0.37 15.97 15.60 0.01
Number of nodules 22.30 38.88 20.87 20.59 15.27 16.87
Nodules dry weight (mg) 031 0.34 0.21 0.20 0.38 1.25
Root dry weight (em) 305 255 0.99 299 2.66 a0
Stem dry weight (gm) 4.90 631 3382 5123 4.74 1.23
Nitrogen fixation (nmol/min/g) 091 0.81 0.21 0.88 0.99 0.57

Acacia tortilis and the most effective strain was AER
followed by ASR and ATR. The least strain was LLR
reacted on 4cacia species (Fig. 1).

Strain isolated from dcacia ehrenbergiana (AER),
strain isolated from Acacia safigna (ASR), strain isolated
from Acacia tortilis (ATR) and strain isolated from
Leucaena leucocephala(LLR).
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Effect of Acacia Species on Growth, Nodulation and
Nitrogen Fixation under Salt Concentration: The
statistical analysis of the results indicated that the
differences between species were not significant as well
as interaction among species, salt concentrations and
Rhizobium strains for all seedling parameters (Table 6).
Results demeonstrated that, 4cacia ehrenbergiana had



World Appl. Sci. J., 13 (2): 256-265, 2011

50 O First season @ Second season| | First season # Second s — 164
45
40 T — 1162 §
i
£ > 4 é% “les  $F
S - . S g3
3 2  IFlss EE
15 7 %/% e 2=
. . 3
'Z/ / ] R b4
10 i 7 L 15.4 s
; ] / 1 a | 150
Acacia Acacia tortifis Acacia tortilis Acacia
efirenbergiana ehrenbergiana
Tree species Tree species
O First season B Second season -2
OFirst season D Second season
35,
5 2
= 2
Do
g 3_/ g £
= o =
g L. £
z c o
g 2517 §’ E
3 —t05 =
x -4
2
Acacia Acacia tortilis ]
ehrenbergiana ) Acacia tortilis Acacia
Tree species efirenhergiana

Fig. 2: Response of two Acacia species to growth, nodulation and nitrogen fixation under salt stress

the highest mean values of height, total nitrogen content,
root dry weight and nitrogen fixation, while Acacia tortilis
had the highest mean values of number of nodules,
nodules dry weight and stem dry weight in the first
season. In the second season, the same results were
found except for nodules dry weight and nitrogen fixation,
since Acacia tortilis was higher significantly than Acacia
ehrenbergiana in such parameters (Table 6).

Generally, the results from the two seasons showed
that, the Acacia ehrenbergiana exhibited growth,
nodulation and nitrogen fixation better than those of
Acacia tortilis under salt stress (Fig. 2).

DISCUSSION

In this study, two Acacia species; Acacia
ehrenbergiana (Hayne.) and Acacia tortilis (Forssk.),
grown in Dirab Valley, South of Riyadh, KSA, were
inoculated with four Rhizobium strains; (AER), isolated
from Acacia ehrenbergiana, (ASR) strain isolated from
Acacia saligna, (ATR) strain, isolated from Acacia
tortilis and (LLR) strain isolated from Leucaena
leucocephala to evaluate growth response and ability of

this species to form root nodules when planted under salt
stress; and to obtain an indication of the nitrogen fixation
potential of the species during two successive seasons
(2009-2011).

Salt stress results in obvious stunting symptoms of
plants. The immediate response of salt stress decreased
rate of leaf surface expansion led to cease of shoot
expansion with increasing salt concentration. Salt stress
also decreased fresh and dry weights of leaves, stems and
roots. Symptoms of salinity described above have been
reported by Wang and Nil [33], Chartzoulakis and Klapaki
[34] and Parida and Das [35]. For Acacia species, seedling
height (growth) was more affected by salt stress
compared with that obtained in case of root dry and stems
weight of beans. Salinity was also reported that reduces
shoot and root weights in several legumes [24, 36].
Results indicated that salt stress caused a significant
depression in seedling growth parameters (height and dry
weight of stem as well as root parts of both studied
Acacia species and it seemed to reduce the availability of
the nutrients required for the growth and then
development of the plants comparing with the control. In
the present study, salinity affected seedling parameters,
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nodulation and nitrogen fixation in both Aeacia
ehrenbergiana and Acacia tortilis. Growth limitation
at ligh salinity may be due to depletion of energy that
15 needed for growth. These results confirm the
previous reported of Cordovilla et al. [5], Tejera ef al. [37],
Bouhmouch et al. [38] and Imada et al [39]. In fact,
under salt stress conditions of soil, chlorine icns
limit the absorption of NO,~. Antagonistic effect
between C1/ NO.-is well known in glycophytes than
halophytes plants; the latter are able to absorb efficiency
NO;-even under high salt conditions [38]. Horst and
Taylor [40] studied the effect of salinity (a2 mixture of
NaCl and CaCl,) on 44 cultivars of Kentucky bluegrass
and reported that growth reduced by 50% at a salt
concentration of 7500 ppm (about 11 dSm™), which was
higher than the value obtained in this study. Qian et al.
[41] reported that at 2 dSm™' differences in salinity
caused 50%shoot growth reduction in two Kentucky
bluegrass cultivars.

Total nitrogen content in both Aecacia species was
affected by salt concentrations. The control treatment
(no salt) had the highest total nitrogen content, while total
nitrogen content per plant was decreased with increasing
salt concentrations. Similar results were reported by
Cordovilla et al. [5]. By contrast, other studies found no
reduction in nitrogen content under salt stress [9, 42].

A favorable rhizosphere environment is Iughly
immportant to the interaction between root hairs and
Rhizobium, as it not only encourages the growth and
multiplication of Rhizobia, but also ensures the healthy
development of root hairs. Any environmental stress that
affects these processes is also likely to influence infection
and nodulation [5]. The effect of salimty was more on
nodules than on vegetative parts and N,-fixation was
more sensitive to salinity than plant growth. Qur results
showed that, nitrogen fixation were more sensitive to
salinity. The nodulation and nitrogen fixation were
significantly affected by salt concentrations for both
two studied Acacia species. Similar findings were
reported for Vigna radiata: nodulation which was
reduced by about half after exposure to low levels of
salimty. In absence of NaCl, nitrogen fertilized plants had
significantly higher dry weight accumulation in their
shoots and roots than did N-fixing plants. Other authors
observed no increase in total nodule weight [14]. Reduced
nodule formation by faba bean at low levels of salinity
could be attributed to adverse effects on the process of
nodule initiation, an event in Rhizobium-legume
symbiosis which is very sensitive to osmotic stress [43].
Also, nodule differentiation was affected by salt as
evidenced by the appearance of white nodules that must
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have been newly formed, incompletely differentiated or
senescent; consequently, the reduction m plant growth
under saline conditions can be explained by the reduction
or failure in nodulation. These results are confirmed with
those reported previously by Serraj and Dreven [20],
Tejera et al. [37] and Ashraf and Bashir [44]. In contrast
findings L taief ef al. [24] reported that salimity did not
alter nodule conductance in chickpea variety. This
tolerant variety showed no significant differences in
nodule conductance under salinity.

The notable decline in ARA with low level salt
stress agrees with earlier observations for cowpea [45].
The effect of 100 mM of salt on specific mtrogenase
activity was more severe than on the nodule dry
weight; this may be attributable to a direct effect of salt
on nitrogenase. Burns et al. [46] reported that NaCl
affected directly nitrogenase purified from Azofobacter.

Results  demonstrated that nitrogenase activity of
nodules under salt stress was decreased with increasing
salt and the affected salt
concentration was 3%. Our results were in harmony
with those obtained by Tejera et al. [37], Hafeez et al. [45]
and Burns et al. [46].

In general, it was found that with increasing salt
concentrations, growth, nodulation and nitrogen fixation

concentrations most

were decreased. The most detrimental concentration of
salt was 3% under condition of Riyadh region. The
Rhizobium stram AER enhanced growth parameters,
nodulation and nitrogen fixation than ASR and LLR one
did. Studied Rhizobium
signmficant responses for seedling parameters in both
seasons moreover, nodulation and nitrogen fixation.
Results showed that local Rhizobium strain (AER) had
the superiority effect to fix and nodulate the 4cacia
ehrenbergiana and Acacia tortilis than the (ASR, ATR
and LLR) strains which was unable to compete with the
AER strain under field condition that may be due to
adaptation of the this strain to the environmental factors
and salt stress. Although, Shetta [47] found that local
Rhizobia strains had superior effect on mtrogen fixation
and nodulation in Acacia karroo than the foreign one
which was unable to compete with the native strains
under field condition that may be due to adaptation of the
native strains to the environmental habitats and site
conditions. For salt tolerance, the results indicated that
AER, AST, ATT and LLR strains are considered as
tolerant of salt concentration until 3% [48]. By contrast,
Shetta [49] reported that the nodulation and nitrogen
fixation of Rhizobium isolated from Acacia saligna was

strains were able to cause

more tolerant of salimty than that isolated from Leucaena
leucocephala and NGR234 strain.



World Appl. Sci. J, 13 (2): 256-265, 2011

In the present study, Acacia ehrenbergiana had the
highest mean values in height, total nitrogen content, root
dry weight and mtrogen fixation than 4cacia tortilis.

CONCLUSIONS

From the above mention results, it can be concluded
that, salt concentrations affected seedling parameters,
nodulation and nitrogen fixation of Acacia ehrenbergiana
(Hayne.) and Acacia tortilis (Forssk.). Increasing salt
concentrations, growth, nodulation and mtrogen fixation
were decreased. The most affect concentration of salt was
3% under condition. Although, Rhizobium strains were
affected by salt stress in the soil, the most salinity-
tolerant strain was AER followed by strain ASR and the
least strain tolerant to salt stress was LLR. Acacia
ehrenbergiana had the better tolerant to salt stress, than
Acacia tortilis under the condition of Rivadh region. CQur
experiment suggest that moculating tree legumes with
salimty-tolerant Rhizobium strains m the nursery should
establish an effective nitrogen fixing symbiosis which may
be more tolerant of salinity after outplanting. Also
selection of legume host from highly saline or non saline
habitats appeared to be the most mportant factor
govemning compatible Rhizobium strains to nodule and fix
nitrogen in conditions of high soil salinity. These findings
may be directly related to the maintenance of mtrogen
fixation and therefore to the adaptation of Acacia nodules
of salinity especially in arid region of Saudi Arabia.
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