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Some Tree-Legume-Rhizobia Are Meagerly Arising in Egyptian Soil
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Abstract: Some native rhizobia nodulating Acacia seyal, Acacia saligna, Dalbergia sisso, Macarium
tipu, Leucaena leucocephala and Sesbania sesban were isolated from 10 different soil types along the
Nile valley, North and South Sinai. While virgin soil samples of South Sinai showed no specific
rhizobia nodulating D. sisso, M. tipu, L. leucocephala, and A. seyal, profuse nodulation was recorded
with S. sesban and A. saligna in almost all soils. Nodule shape differed according to the host tree
from globose to semi globose except L. leucocephala which formed elongated branched nodules.
Slow-growing alkaline, producing rhizobia nodulating D. sisso, M. tipu and A. seyal formed small
colonies of 1-2 mm diameter. On the other hand, rhizobia isolated from L. leucocephala, A. saligna
and S. sesban were fast-growing acid producing candidates forming large-sized colonies of up to 4
mm in diameter. Rhizobia nodulating M. tipu as well as the reference strains R. leguminosarum bv.
Viceae (441) and R. meliloti (ARC and A2) showed a minimum inhibitory Na-azide concentration of
15μg/ml. In addition, MIC of around 35 μg/ml Na-azide was recorded for rhizobia nodulating S.
sesban and A. saligna as well as the reference strains R. leguminosarum bv. Trifoli (TAL and
ARC100) and bv. Phaseoli (1899 and ARC305). However, D. sisso and A. seyal rhizobia were highly
sensitive to the presence of 5μg/ml Na-azide in their growth medium. The legume tree rhizobia
slightly varied in their resistance to four examined antibiotics and displayed scanty growth at 40oC.
Salt (NaCl) concentration up to 4% in the growth medium of the isolates substantially retarded their
growth and elongated their mean generation time.  The examined tree legume rhizobia displayed high
levels of host specificity where D. sisso and M. tipu profusely nodulated merely when inoculated with
their specific rhizobial isolates.
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INTRODUCTION

Over the last three decades, a large newly-reclaimed desert area of >1.5 million feddan has been added
to the total cultivated area in Egypt. Cultivating such area is one of the most important objectives of the
Egyptian Ministry of Agriculture and Land Reclamation. Many species of Sesbania, Leucaena and Acacia are
being used as green manures for soil improvement. Dalbergia sisso and M. tipu as well are economically
important trees for their value in forestry, agroforestry, and horticulture. Being members of the family
leguminoseae, they can symbiotically fix atmospheric nitrogen in association with their root nodule bacteria
(Masutha et al., 1997 and Singh and Pokhriyal, 2002) and improve soil fertility. Dalbergia sisso and M. tipu
are extensively used as ornamental trees and for shading, erosion control as well as for soil fertility restoration.
The two tree genotypes can provide timber for manufacturing furniture, Musical instruments, and boats,
fuelwood, fodder for cattle and sheep (Duke, 1983). They have long taproots and extensive lateral roots system,
often at the soil surface (PIER, 2006). They can survive up to six months in areas which have periods of
drought and temperature hardiness and can grow well  in a vast array of soil types (Sharma et al., 2002).
These trees reach maturity around 19-21 years of age (Mohamed, Mona, 2007) with a natural rotation of about
60 years. These trees are valued for their ability to increase soil fertility through nitrogen fixation and are
intercropped for these reasons as well. Recently, they have been introduced to many African countries as
Benin, Cameroon, Ethiopia, Gabon, Ghana, Kenya, Mauritius, Nigeria, Senegal, South Africa, Sudan, Tanzania,
Togo, Zimbabwe (USDA-NRCS, 2007; Duke, 1983; PIER, 2006 and GBIF, 2007). Giller (2001) stated that
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little is known on the rhizobia that associate with these agriculturally important host species in terms of their
distribution, diversity, ecology or taxonomic status. Native population of rhizobia is generally poor in nitrogen
fixation efficiency (Vlassak and Vanderleyden, 1997). Hence, there is a need for the screening of inoculants
for rhizobial strains with better effectiveness.

There is no clear idea about nodulation ability and the native rhizobia nodulating leguminous trees under
Egyptian conditions.  The present study aimed to surveying, characterizing and identifying some native rhizobia
nodulating leguminous trees.

MATERIALS AND METHODS

Soil and Plant Materials:
A total of 10 surface soil samples (0-30 cm depth) were collected from 10 different locations in Sinai and

the Egyptian Delta, Middle and Upper Egypt governorates. Plastic pots (30 x 50 cm) filled with the different
soils were used for studying the incidence of indigenous rhizobia nodulating the examined tree legumes. Seeds
of Dalbergia sisso, Macarium tipu, Acacia saligna, Acacia seyal, Leucaena leucocepfala and Sesbania sesban
were kindly supplied by the Department of Woody Trees, Institute of Horticulture, Agricultural Research Center
(ARC), Giza, Egypt. Seeds of Sesbania sesban were scarified with boiling water while concentrated H2SO4 was
used for seed scarification (soaking for 10 min) of the other tree legume species. Seeds were washed several
times with sterile distilled water and sown in the plastic pots. Three months later, seedlings were gently
uprooted, washed with tap water and examined for nodulation status and shape of nodules formed on the
examined host tree legume roots by indigenous rhizobia occurring in the examined soil.

Isolation and Characterization of Rhizobia:
Nodules formed on roots of legume trees were detached and the specific rhizobia were isolated according

to Somasegran and Hoben (1994) on Yeast Extract Mannitol agar (YMA) (Vincent, 1970). Purity of the
isolates was checked by Gram staining and repeated streaking on YMA containing 25�gml-1 Congo red,
Glucose Peptone agar containing 100�g ml-1 bromo cresol purple (BCB) and YMA-containing 25�g ml-1 bromo
thymol blue (BTB). Acid or alkaline reaction of rhizobial growth on YMA-BTB at 30oC was indicated by color
change of the growth culture from green to either yellow or blue, respectively. Pure rhizobial cultures were
maintained on YMA slants at 4oC.

Reference Strains:
R. leguminosarum bv. Trifolii (TAL 380 and ARC-100); R. leguminosarum bv. Phaseoli (1899 and ARC-

305); R. leguminosarum bv. Viceae (441 and ARC-207), R. meliloti (A2 and ARC-1) and Bradyrhizobium
elkanai (3407 and ARC-500) from the Culture Collection of the Biofertilizeres Lab., Department of
Microbiology, ARC, Giza, Egypt were used as reference strains.

Intrinsic Na-azide and Antibiotic Resistance of Tree Legume Rhizobia:
The different tree legume rhizobia were examined for their intrinsic Na-azide resistance. Cell suspension

with ca 108 cells/ml of each isolate was streaked onto YMA medium containing 5, 10, 15, 20, 30, 40, and
50μg ml-1 sodium azide.  Plates were incubated at 30oC and visually examined for growth of rhizobia (Yadav
et al., 1999). The reference rhizobial strains were included for comparison.

Rhizobial isolates from the different legume tree hosts were examined for their ability to grow on YMA
containing different concentrations of kanamycin sulphate (30-70μg ml-1), neomycin sulphate (20-40μg ml-1),
streptomycin (100-300μg ml-1) and tetracycline (2.5-7.5μg ml-1). Plates of YMA containing the different
antibiotics were streaked with the tested rhizobial isolates and incubated at 30oC where rhizobial growth was
visually inspected throughout a 7-day period.  

Growth of Tree Legume Rhizobia at Different NaCl Concentrations and Incubation Temperatures: 
Rhizobial isolates grown in yeast extract mannitol broth (YMB) at 30oC for 3 to 7 days were streaked onto

YMA plates containing various salt concentrations ranged from 0.1% to 4% NaCl. After 10 days of incubation
at 30oC, plates were examined for bacterial growth, and the minimum inhibitory concentrations (MIC) were
recorded. To identify the thermo-tolerant isolates, plain YMA plates were streaked with log phase of rhizobial
broth cultures (109 cells ml-1). Rhizobial growth on YMA plates was visually monitored during a 10-day-
incubation period at 30oC, 35oC or 40oC.
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The mean generation time (MGT) of the salt- or heat-stressed tree legume rhizobia was determined as
described by Batzli et al. (1992). Erlenmeyer flasks (250 m) containing 100 ml YMB with different NaCl
concentrations i.e. 0.01, 0.5, 1.0, 1.5, 2.0, 2.5 or 3.0% were inoculated in triplicates with 1 ml aliquots of a
3- to 7-day-old culture (ca 109 cells) of each isolate. Flasks were incubated at 30oC on a rotary shaker at 160
rpm for 10 days where the optical density of the broth cultures were measured at 600 nm (OD600) at 6 h
intervals for the first 24 h, at 12-h intervals for the next 24 h and every 24 h. 

One hundred ml aliquots of YMB broth in 250 ml-Erlenmeyer flasks were inoculated with 1 ml of the
rhizobial starter cultures in triplicates. Flasks were incubated at 30, 35 or 40oC on a shaking incubator at 160
rpm for 10 days. The OD600 of the bacterial cultures was measured and the MGTs were calculated as
previously mentioned.

Promiscuity of D. Sisso and M. tipu Nodulation:
Nodulation of D. sisso and M. tipu by the rhizobia isolated from root nodules of D. Sisso, M. tipu, A.

saligna, A. seyal, L. leucocephala and S. sesban was examined in polyethylene bags (15 x 15 cm) filled with
washed sterilized sand. Scarified seeds thoroughly washed with sterile tap water were sown in the polyethylene
bags (5 seeds/bag) and watered with nitrogen-free nutrient solution or alternatively with sterilized tap water. 
Seedlings were thinned to 3 seedlings/bag and boost inoculated with 1 ml of (2 x 108 cells) of 3- to 7-day old
rhizobial cultures. Three months later, the nitrogenase activities (acetylene reduction assay nmol C2H4 pot-1h-1)
were measured according to Keyser et al. (1982) and the seedlings were gently uprooted, washed and nodule
numbers were recorded. 

Results:
Table (1) shows that the soil from Rafah and Kalubia quarantined nodulation of D. sisso meanwhile M.

tipu nodulated in the soils taken from Munofia and Rafah. Indigenous rhizobia nodulating the legume shrub
Sesbania sesban and those specific for nodulating A. saligna and L. leucocephala were the most abundant in
the examined soils. This was indicated by the successful nodulation of S. sesban, A. saligna and L.
leucocephala in 80, 50 and 40% of the examined soil types, respectively. In contrast, nodules of A. seyal were
scarce and formed only on the seedling roots grown in the alluvial soil from Menia Governorate. Moreover,
the soil collected from Ras Sudr and Abu-Sweira appeared free from native infective rhizobia for all the
examined legumes. Nodulation failure as well was recorded in all the seeded legumes in the soils from Quena
and Aswan, despite the nodule formation by S. sesban in such soil.  Infective Rhizobia for all the examined
legumes biotypes profusely occurred in Rafah soil, however, the infective native A. seyal rhizobia were absent. 

Table 1: Nodulation of some legume trees with native rhizobia in some Egyptian sites.
Host Locations

-----------------------------------------------------------------------------------------------------------------------------------------------
Nile valley governorates Sinai
----------------------------------------------------------------- ---------------------------------------------------------------------------
Kalubia Munofia Menia Quena Aswan Rafah Arish Ber Elabd Ras Sudr Abu-Swiera

D. sisso + - - - - + - - - -
M.  Tipu - + - - - + - - - -
A. saligna + + + - - + - + - -
A. seyal - - + - - - - - - -
L. leucocephala + - + - - + + - - -
S. sesban + + + + + + + + - -

Characterization of Tree Legume Rhizobial Isolates: 
Some characteristics of the isolated rhizobia and shape of nodules formed on the examined trees are

presented in Table (2). Nodules of L. leucocephala were elongated, lobed and branched however, other host
trees mostly formed globose or semi globose-shaped nodules. Rhizobia isolated from nodules of L.
leucocephala, A. saligna and S. sesban exhibited fast growth on YMA reaching full growth after 3 to 4 days
of incubation at 30oC and produced acid in YMA-BTB. On the other hand, rhizobia nodulating D. sisso, M.
tipu and A. seyal were slow growing acid producing ones achieved good growth within 6-7 days of incubation
at 30oC. Fast growing isolates displayed large-sized colonies of 3 or 4 mm diameter while slow growing ones
formed smaller colonies with diameters ranged between 1 and 2 mm.
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Table 2: Characteristics of native rhizobia nodulating some legume trees.
Host tree Rhizobia pH reaction Colony Nodule shape

Growth rate on YBA- Morphology
BTB

L. leucocephala Fast Acidic Shiny, creamy colored with translucent margins, around 4mm. Elongated, lobed,
 branched

D. sisso Slow Alkaline Domed, white colored, around 1-2mm. Semi globose
M. tipu Slow Alkaline Domed, white colored, around 1-2mm.
A. seyal Slow Acidic Domed, white colored, around 1-2mm.
A. saligna Fast Alkaline Domed, creamy colored with translucent margins

 around 3-4mm
S. sesban Fast Acidic Shiny, domed, white colored and opaque, around 4mm. Globose

The examined tree legume rhizobial isolates and the reference strains varied in their resistance to the
presence of Na-azide in their growth medium in a concentration ranged from 5 to 50μg ml-1 (Table 3). A. seyal
and D. sisso isolates appeared highly Na-azide-sensitive rhizobia and failed to grow on YMA containing as
low as 5μg ml-1. Neverthless, S. sesban and A. saligna rhizobia exhibited high intrinsic Na-azide resistance
and could withstand the presence of as high as 30μg ml-1 in their growth medium. The reference strains R.
leguminosarum bv. Trifolii and R. leguminosarum bv. Phaseoli showed a similar level of resistance towards
Na-azide. On the other hand, rhizobia nodulating L. leucocephala and M. tipu as well as the reference strains
R. leguminosarum bv. Viceae 441, R. meliloti ARC 1 and A2 and B. elkanai 3407 and ARC 500 tolerated up
to 10μgml-1 Na-azide. An extraordinary level of Na-azide resistance was achieved by R. leguminosarum bv.
Viceae ARC 207. This locally isolated strain tolerated a maximal azide concentration in excess of 50μg ml-1.
For all examined rhizobia except with those isolated from root nodules of A. seyal, the obtained results (Table
4) refer to a considerable level of resistance against kanamycin concentrations up to 60μg ml-1. Rhizobia of
D. sisso and A. saligna had identical IAR patterns against neomycin, streptomycin and tetracycline meanwhile
those isolated from A. seyal were similar to those isolated from L. leucocephala in this regard. The
microsymbionts of S. sesban were tetracycline-sensitive rhizobia meanwhile those of L. leucocephala and A.
seyal were streptomycin-sensitive isolates.  

Table 3: Intrinsic Na-azide resistance of native rhizobia nodulating some leguminous trees compared to rhizobial traditional crops.
Rhizobia Na-azide concentration (μg/ml)
Isolate/ strain ------------------------------------------------------------------------------------------------------------------------------

5 10 15 20 30 40 50
Native isolates
D. sisso - - - - - - -
M. tipu + + - - - - -
A. saligna + + + + + - -
A. seyal - - - - - - -
L. leucocephala + + - - - - -
S. sesban + + + + + - -
References strains
R. leguminosarum:
bv. trifolii TAL (380) + + + + + - -
ARC-100 + + + + + - -
bv. phaseoli, 1899 + + + + + - -
ARC-305 + + + + + - -
bv. viceae, 441 + + - - - - -
ARC-207 + + + + + + +
R. meliloti, A2 + + - - - - -
ARC-1 + + - - - - -
B. elkanai, 3407 + + - - - - -
ARC-500 + + - - - - -

Growth of Tree Legume Rhizobia at Different Incubation Temperatures and NaCl Concentrations: 
For all isolates, NaCl application to the growth medium of rhizobia delayed their propagation and

prolonged their MGT. Growth inhibition due to NaCl was a concentration dependent. None of the examined
rhizobial isolates grew on YMA or in YMB containing > 3% NaCl (Table 5). A. seyal rhizobia were the
lowest salt tolerant isolates while those of A. saligna and S. sesban were relatively NaCl-tolerant rhizobia could
grow in YMB containing up to 3% NaCl. Growth of the other three isolates of M. tipu, L. leucocephala and
D. sisso was inhibited at NaCl concentrations in excess of 1.5, 2.0 and 2.5 %, respectively. Isolates of M. tipu
and D. sisso failed to grow in YMB containing 2 % and 3 % NaCl, respectively. 
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The tested rhizobia display good growth on YMA and in YMB at 30oC and 35oC; however; they could
be differentiated into two groups according to their ability growth at 40oC. M. tipu and A. seyal failed to grow
at all, either on YEMA or in YEMB.  On the Other hand, the rest of the isolates showed growth at
temperature up to 40oC in both media (YEMA and YEMB). Accordingly, MGTs of them were lengthened to
around two-fold or a little bit more by the elevation of temperature from 30oC to 40oC.

Table 4: Intrinsic antibiotic resistance (IAR) of native rhizobia nodulating leguminous trees.
Native isolates Antibiotic concentration (μg/ml)

----------------------------------------------------------------------------------------------------------------------------------------
Kanamycin Neomycin Streptomycin Tetracycline
------------------------ -------------------- ------------------- ----------------------
40  50  60 70 20  30  40 100  150  200 2.5  5.0  7.5

D. sisso +    +   +    - +   +    + +     +    + +     +     + 
M. tipu +    +   +    - +   -     - +     +    - +      -      -
A. saligna +    +   +    - +   +    + +     +    + +      +     +
A. seyal +    +   -     - +   +    -  -     -     - +      +     +
L. leucocephala +    +   +    - +   +    -  -     -     - +      +     +
S. sesban +    +   +    - +   +    -  +     +    - -       -      -

Host Specificity of D. sisso and M. tipu Rhizobia:
Table (6) shows that D. sisso formed >30 nodules bag-1 when inoculated with its specific rhizobia or the

rhizobial candidates from A. saligna. Nodulation failure occurred when D. sisso was inoculated with rhizobia
isolated from root nodules of either A. seyal or L. leucocephala. Inoculation of D. sisso with a rhizobial
isolates from S. sesban or from M. tipu resulted in the formation of as low as 12 and 4 nodules bag-1,
respectively.  The ARA activities in excess of 213, 189 and 107 nmol C2H4 pot-1h-1 were recorded with
seedlings of D. sisso inoculated with its own rhizobia, A. saligna and S. sesban rhizobia, respectively.
Seedlings of D. sisso inoculated with other rhizobial genotypes exhibited no ARA activities. As for M. tipu,
seedlings showed no nodule formation and no ARA activities when inoculated with rhizobia isolated from
either D. sisso or L. leucocephala. However profuse nodulation and high ARA activity were recorded with
seedlings inoculated with their specific rhizobia, or with S. sesban rhizobia. Nodules were formed as well on
M. tipu seedlings received rhizobia isolated from A. saligna and A. seyal.

Table 5: Effect of increasing NaCl concentrations and elevated temperature on growth and MGTs of some tree legume rhizobia.
Host M G T at temperature / h Maximum resistance M G T at NaCl /h MIC of NaCl %

----------------------------------- Degree (oC) ------------------------------------
30oC Elevated to O% Maximum

max. resistance tolerance
D. sisso 7 14 40 7 16 2.50
M. tipu 6 11 35 6 13 1.50
A. saligna 4 8 40 4 9 3.00
A. seyal 7 14 35 7 20 0.75
L.leucocephala 3 8 40 3 9 2.00
S. sesban 3 8 40 3 10 3.00
*Mean Generation Time (MGT); **Minimum inhibitory concentration (MIC).

Table 6: Efficiency of legume trees native rhizobial isolates with D. sisso and M. tipu plant hosts. 
Rhizobial isolates Plant host

--------------------------------------------------------------------------------------------------------------------------------------------
D. sisso M. tipu
-------------------------------------------------------------- -----------------------------------------------------------------------
Nodule number* Nitrogenase activity** Nodule number* Nitrogenase activity**

D. sisso 33 213 - -
M. tipu 4 - 41 249
A. saligna 30 189 18 105
A. seyal - - 29 218
L. leucocephala - - - -
S. sesban 12 107 34 231
* Nodule number / pot.; ** Nitrogenase activity (nmol C2H4 pot-1 h-1)

Discussion:
The high frequency of nodulation failure recorded in the various soils with the examined tree species, in

particular A. seyal, might indicate a lack of infective rhizobia specific for these tree genotypes in the examined
soils. Harsh conditions e.g. high soil temperature, salinity, drought and low levels available nutrients in some
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locations might lower population density of indigenous rhizobia below the critical threshold needed for
successful root infection and nodule formation by native rhizobia. In contrast, profuse nodulation of some trees,
S. sesban and A. saligna in the majority of the examined soils might refer to the abundance of their specific
rhizobia in the examined soils (Bala et al., 2003). This is most probably because these shrubs are widely
cultivated in a vast array of soil types in Egypt as shade trees and for their vigorous vegetative growth mostly
along River Nile banks and canal boarders as well as around water springs in desert lands. 

Following the criteria adopted by Vincent (1970) and Somasegran and Hoben (1994) for characterization
of the isolated rhizobia, fast-growing isolates recovered from nodules of L. leucocephala, A. saligna and S.
sesban have the distinctive colony features and growth rate of the genus Rhizobium. Meanwhile, slow-growing
ones belonged to Bradyrhizobium were successfully recovered from nodules of D. sisso, M. tipu and A. seyal.
In conformity with these findings, previous nodulation reports by Bala et al. (2003) and Wolde-Miskel et al.
(2004) referred to the differences amongst some legume tree species in nodulation with either native rhizobia
or bradyrhizobia.

A linkage between the intrinsic resistance of rhizobia to low doses of Na-azide and their competitiveness,
effective nodulation and N2-fixation was previously drawn by several workers (Ram et al., 1978; Vashishat
et al., 1986 and Sharma et al. 2002). In this work, D. sisso rhizobia were extremely vulnerable to as low as
5μgml-1 Na-azide while the fast growing A. saligna and S. sesban rhizobia were substantially high azide-
resistant rhizobia resembling the majority of R. leguminosarum reference strains. The other tree rhizobial
isolates in addition to R. meliloti and B. elkanai reference strains were rather sensitive to the presence of >
10 μgml-1 Na-azide in their growth medium. Differences in azide-resistance might indicate a level of genetic
variability among the isolated native tree legume rhizobia (Pancholy, 1993). Highly azide-resistant slow-growing
mung bean rhizobia were reported to fix more N2 than azide- sensitive ones (Vashishat et al., 1986). 

On the other hand, A. saligna and S. sesban rhizobia isolates were the most NaCl-tolerant than other
isolates having MGT up to 10 h and MICs of ca 3 %, most likely because these isolates developed in saline
soil. However, the growth rates of these isolates were slowed two to three folds with increasing salinity from
0 to 3.0 % NaCl. These results agree with those of Steinborne and Roughly (1975) who reported lowered
growth rates of R. trifolii and R. meliloti in response to NaCl application. They indicated that two-thirds of
the studied isolates grew on both media on 40oC, but the MGTs increased twice. Two thirds of the examined
isolates could grow at 40oC which was in harmony with the previous report by Zehran (2000) indicating the
ability of 48 rhizobial isolates from Acacia species to grow at a maximum temperature between 35 and 40oC.
Similarity among some of examined native tree legume rhizobia and the reference strains with respect to IR-
azide, IAR pattern, NaCl tolerance and elevated incubation temperature might refer to a level of genetic
relatedness.

Profuse nodulation of D. sisso with native rhizobia isolated from A. saligna as well as from S. sesban
might be attributed to the fact that these legume trees are widely grown in different Egyptian soil types. On
the contrary nodulation failure recorded with D. sisso seedlings inoculated with rhizobia isolated from the other
three legume trees might indicate a narrow host range of the native rhizobial isolates. According to Trinick
(1968), Rhizobium capable of nodulating tropical legumes form either ineffective or effective symbiosis with
other legume species. In the present study, both D. sisso and M. tipu rhizobia seem to have narrow-host-range
forming effective nodules with their specific rhizobia or A. saligna or S. sesban rhizobia. Despite the
promiscuous nature of L. leucocephala rhizobia (Trinick, 1980) having wide-host-range, L. leucocephala
rhizobia isolated in the present study formed no nodules on roots of either D. sisso or M. tipu. The infective
association between Sesbania rhizobia against D. sisso or and A. saligna rhizobia against M. tipu shows that
cross-infection was often not fully compatible, thus, they responded only by forming weak nodules or swellings
or perhaps "pseudonodules" on the root (Swelim, 1996). So, based on the pattern of effective nodulation and
the results of Turk and Keyser (1992) may be legume tree rhizobia differentiated into (1) strains are
promiscuous for both nodulation and effectiveness, (2) promiscuous for nodulation, but specific for
effectiveness, or (3) strains are specific for both nodulation and effectiveness.

Conclusion:
This report focuses on the scarcity of infective rhizobia nodulating some of the examined tree species in

different Egyptian soils in particular D. sisso, M. tipu and A. seyal and the need for rhizobial inoculation of
these trees. Further studies on the biodiversity of infective tree legume rhizobia using molecular approaches
are needed.
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