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Competitiveness among Rhizobia for
Nodulation of Introduced Leguminous Tree
Gliricidia sepium in a Sub-Saharan Sandy Soil

ABSTRACT

Agroforestry systems are progressively integrated by small farmerholder to mitigate
agricultural production charge and contribute to sustainable agriculture by restoring and
maintaining sandy soil fertility. A greenhouse experiment was carried out to test the
nodulation level of introduced Gliricidia sepium tree with foreign rhizobial reference strains
TAL1769 and TAL1770 against native rhizobial community using PCR/RFLP techniques.
Restriction patterns of the two inoculated reference strains obtained for 16S — 23S rDNA -
IGS were different to those of indigenous rhizobia detected in all remained nodules collected
from root plants regarding the restriction enzymes Haelll and Mspl. Nodule occupancy rates
of the reference strains and native rhizobial strains of profile F ranged from 18.36 to 22.45
and were higher compared to others rhizobial strains detected in gliricidia rhizosphere.
Therefore, regarding its high competitiveness level, the native rhizobial strain may be
considered as a good candidate to inoculate the introduced legume tree gliricidia.
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1. INTRODUCTION

Agro-ecological zone named Niayes in Senegal is an off-season cultivation area of the
country where agriculture is mainly seasonal and rain-fed. Long-term agricultural practices in
this zone are detrimental to the sandy soil structure. Thus, the physico-chemical properties
of soils are affected. Furthermore declining soil fertility is one of the main causes of the poor
performance of agricultural production. On soil nutrients, nitrogen is one of the most
influential on crop growth and productivity [1]. Unfortunately, to overcome this problem, the
use of expensive chemical fertilizers contributes to the pollution of groundwater and
constitute a real public health problem. Thereby, improving soil fertility has been a major joint
concern for policy makers and local farmers. From then on, agroforestry systems based on
legume plants are increasingly being developed. In addition, successful legume inoculation
is known to raise the amount of N fixed and improve agrosystem management. There has
been increasing evidence that the rhizobial inoculation biotechnology have an important role
in the development of sustainable agriculture.

The legume tree Gliricidia sepium, native to Central America and Mexico [2], is introduced in
Senegal with rhizobial reference strains. This fast-growing perennial tree is integrated into
farming multipurpose cropping system for soil nutrient enrichment through N,-fixation. For
playing its expected role, plant seedlings have to be inoculated with effective rhizobia. This
biotechnology is widely experimented in the agro-ecological zones for cultivation of different
legume crops. However presence of indigenous rhizobia population may limit rhizobial
inoculation efficiency. Rhizobial bioinoculants fail to nodulate their host mainly because of
highly competitive indigenous rhizobia capable of nodulating the same legume species.




Indeed, depending on the environment, a legume could select its preferential rhizobial
partner in order to establish symbiosis. Thus, Acosta-Duran and Martinez-Romero [3]
detecte in G. sepium nodules diverse rhizobial strains, in this case Sinorhizobium spp.,
Rhizobium tropici and Rhizobium etli, depending on the soil sampled. Previous studies
describded the presence of these rhizobial species in Senegalese soils [4,5]. Giller and
Cadisch [6] reporte that if large populations of compatible effective rhizobia are present, then
responses to inoculation will often not be found using standard available inocula. According
to Toro [7] the success of artificial inoculation depends on the competitive capacity of the
newly introduced strain to colonize nodulation sites in the presence of native strains of the
same host spectrum of the legume. Triplett [8] indicated that a high competitiveness of
inoculation strains in comparison with native rhizobia strains is as important as the
effectiveness of symbiotic N2 fixation itself. The objective of this study is to evaluate the
nodulation ability of introduced foreign strains relative to the native rhizobial population in
order to produce inoculum for growing legumes gliricidia.

2. MATERIAL AND METHODS
2.1. Experimental design

The experiment was carried out at Dakar Research Station located at Bel Air (latitude
14°44'N, longitude 17°30'W). The sandy soil type used in this study was collected from
Niayes agro-ecological zone which presented the main following characteristics: 7.0 pH,
0.025% N, 0.04% C and 26 ppm available P. The soil sampled from the 5 - 30 cm topsoil
was sieved (1 mm), and homogenized. Unsterilized soil portions (1.6 kg) containing
approximately 10° rhizobia/g were weighed into pots for plant cultivation. Seeds of G.
sepium were surface scarified and sterilized for 15 min immersion in sulphuric acid (95%)
and washed vigorously in sterile distilled water. They were germinated at 30°C in Petri
dishes containing water-agar medium (0.8%). Plant seedlings were transferred into pots
containing unsterilized soil and watered daily at field capacity with tap water. Rhizobial
foreign strains TAL1769 and TAL1770 provided by the NifTAL (Nitrogen Fixation for Tropical
Agriculture Legumes) collection of American University of Hawaii were used for inoculation
of seedlings grown on non-sterile potted soil. The inoculum containing approximately 10°
cells/ml is supplied in liquid form at the rate of 1 ml per plant. A non-inoculated treatment
was also set up. Each treatment was repeated 4 times.

2.2. Rhizobial molecular identification

Height nodules per plant were randomly collected from gliricidia root systems, 45 days after
planting. PCR amplification of 16S — 23S rDNA Intergenic Transcribed Spacer region of the
rhizobium which has induced nodulation was performed on nodules. In order to detect the
rhizobium strain, RFLP techniques was applied on nodules and thereby determine
indigenous rhizobial diversity. Fresh nodules collected from roots were surface sterilized with
calcium hypochlorite (5%, 5 min) followed by pure ethanol (96%, 5 min) and thoroughly
rinsed with sterile water. Sterilized nodules were peeled and individually crushed in an
extraction buffer. For each nodule, 150 pl of ground material were extracted in micro-tube
and added to 150 pl of CTAB/PVPP2X buffer (0.2 M Tris-HCI, pH 8 ; 0.04 M EDTA pH 8;
2.8 M NaCl ; CTAB 4% w/v ; PVPP 2% w/v (Sigma)). The tubes were incubated (65°C, 60
min) for bacterial cell lysis. A series of centrifugations (15 min, 13000 x g) was performed to
recover the supernatant aqueous phase containing bacterial DNA. The DNA was then
precipitated (13,000 x g, 4 °C, 30 min) and subsequently washed and dissolved in 20 pl of
ultrapure water. The purity and amount of DNA suspension obtained from each nodule were
evaluated by nucleic acid spectrum scanning spectrophotometry (Pharmacia Biotech ; 200 -
350 nm) and by agarose gel control 1% (w/v).

Primers FGPS 1490-72 (5-TGCGGCTGGATCCCCTCCTT-3") defined by Navarro et al. [9]
and FGPL 132°-38 (5-CCGGGTTTCCCCATTCGG-3') by Ponsonnet and Nesme [10] were



used for PCR amplification. PCR reaction tube contained a Ready To Go PCR beads
(Pharmacia Biotech) mixed with 2.5 yl of each the primers, 18 pl of bidistilled water and 2 pl
of rhizobial DNA suspension. Each Ready-To-Go beads contained for 25 pl volume reaction:
2.5 U Taq ADN polymerase, 10 mM Tris HCI (9.0 pH), 50 mM KCI, 1.5 mM MgCl,, 200 uM
of each dNTP (dATP, dCTP, dGTP et dTTP).

DNA amplification was done with a Perkin-Elmer thermocycler (GeneAmp Syst 2400). The
following temperature cycle was used : initial denaturation at 95°C for 5 min ; 35
amplification cycles (denaturation at 95°C for 30 s, primer annealing at 50 °C for 30 s and
extension at 72 °C for 30 s), final extension at 72°C for 5 min. An excess of restriction
enzymes (5 U/reaction) was used to digest a 7 or 10 pl aliquot of PCR product. Restricted
DNAs with Haelll (Amersham) and Mspl (Boehringer Mannheim) were analysed by
horizontal agarose (metaPhor, 2.5%) gel electrophoresis carried out at 80 V for 3 h. Gels
were stained in an aqueous solution of ethidium bromide (1 mg/ml) and photographed under
UV illumination with a Gel Doc 1000 Bio Rad.

RFLP analysis for the two restriction enzymes Haelll and Mspl led to determine of the
genetic relationships of the different isolates. The profiles of the inoculated reference strains
were thus monitored among the strains that induced nodulation of plants’ root system. The
DNA digestion profiles of PCR product of native nodule-inducing rhizobia were compared
with inoculated reference strains. Analysis of the IGS profiles was made by comparing the
calculated band size with the Gel Analyst software. The representativity of the different strain
profiles allowed to evaluate their nodule occupancy rate, which expresses the
competitiveness of the strain under consideration.

3. RESULTS

Restriction patterns of 16S-23S IGS of the reference strains TAL1769 and TAL1770 were
distinct for the two Haelll and Mspl enzymes used (Figure 1). These profiles were also
different to those detected in nodules collected from non-inoculated plants. For inoculated
gliricidia plants, the restriction profiles of the two reference strains are obviously found. In
addition, new profiles was observed corresponding to indigenous rhizobial strains that could
induce nodulation of gliricidia. Thus whatever the enzyme considered, six different profiles
were reveled corresponding to divers rhizobia population able to nodulate gliricidia plants in
the soil of Niayes zone.



Figure 1 : Restriction patterns of moculaed reference strains TAL 1769 (A) and TAL
1770 (B) revealed by RFLP analysis of IGS PCR products digested with Haelll and
Mspl.

Gliricidia plants grown on non-sterilized soil were inoculated with reference strains TAL 1769
and TAL 1770. PCR products of 16S-23S intergen obtained from all nodules sampled were
treated separately with both restriction enzymes. The different profiles detected are
presented in Figure 2 for Haelll restriction enzyme. The restriction fragment length
polymorphisms of both enzymes are compared between the inoculated and native strains
that induced the nodulation of gliricidia.
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Figure 2 : Restriction patterns of PCR products digested by Haelll from nodules of
gliricidia inoculated with reference strains TAL 1769 (A) and TAL1770 (B) in
unsterilized soil.

A et B for inoculated strains TAL1769 and TAL1770.



C, D, E, F, G and H for new profiles from nodules.

The different profiles identified were analysis. Thus, according to their similarity, 8 types of
profiles noted from A to H have been listed (Figure 2, Table 1). For the two restriction
enzymes applied in this study, the profile groups identified were the same for all analyzed
nodules. The occupancy rate of the nodules for each strain were determined when
compared the number each profile to the total number of profiles. Thus, nodule occupancy
rates are highly variable and ranged from 22.45 to 4.08% (Table 1). The two reference
strains did not have the same behavior compared to the native rhizobial population. When
inoculated, the strain TAL1769 was more efficient than TAL 1770 for the induction of nodules
with respectively an occupation rate of 22.45 against 18.36. However, the inoculated
reference strains and the native rhizobium of profile F showed the highest occupancy rates.

Table 1 : Nodule occupancy of the reference and native strains according to the IGS
patterns of the analyzed nodules.

Rhizobial Percentages of restriction pattern of IGS genes

strains A B C D E F G H
TAL 1769 22.45 -

TAL 1770 - 18.36 -

Native strains - 14.29 6.12 10.20 18.36 4.08 6.12

The native rhizobial populations classified according to their restriction patterns are
distributed unequally in six groups corresponding to the different profiles. Among these
strains, those with the F profile performed better in nodule occupancy with 18.36%. At the
same time, the lowest percentage of nodule occupancy was encountered with the G profile
(4.08%). The percentages of nodule occupancy are globally important for indigenous strains.
In fact, these strains distributed in the 6 profiles dominated the foreign strains with 59.19%
against 40.81% respectively.

4. DISCUSSION ET CONCLUSION

Domestication of foreign legume species into a new geographical area is generally
made with effective nodulating rhizobia strains. This practice has been observed for several
species of agronomic or forest interests. Thus, two rhizobial strains from the Hawaii NifTAL
collection (Hawai/USA) were available to the collection of the Dakar laboratory of
microbiology (LCM) for inoculation of G. sepium plants from America.

Field cultivation of gliricidia in Senegal soils showed root nodulation without
inoculation [11]. This attests to the presence of a rhizobial native population able to induce
gliricidia nodulation. The rhizobial population assessment of Niayes soil showed a low
number of infective rhizobia of gliricidia. Because of the presence of indigenous rhizobia in
this soil, efficiency of introduced strains requires verification against native strains. For the
competitiveness study of rhizobia, the 16S-23S inter-gene space which constitutes a highly
variable zone of the bacterial genome was used. The PCR-RFLP technique of this intergen
has been often applied in taxonomic studies of bacterial strains [9,12,5]. The fragment sizes
obtained with the two restriction enzymes are different for the PCR products of the strains
that induced nodules. According to Bala et al. [13] isolates with the same RFLP profiles of
IGS are considered as clone of the same strain. However, when two strains have different
profiles, they are considered to be genotypically different. The use of this technique allowed
to differentiate profiles between the reference strains themselves and the native strains. In
this study, difference in profiles was also mentioned between the foreign strains and
indigenous strains. Analysis of the RFLP profiles of reference strains also showed
differences between the two strains regardless of the enzyme considered. Infectivity rates of
the different competing strains were determined. The two inoculated rhizobial strains



induced nodulation of gliricidia in the presence of native rhizobia. The six rhizobia RFLP
profiles obtained from native rhizobial population revealed to the high level of diversity. The
profiles of foreign and indigenous strains are found indifferently in nodules treated gliricidia
nodules indicating that the ability to induce nodulation of the legume for the two reference
strains was not similar. The presence of the profile of strain TAL1769 was more frequent
than that of strain TAL1770. Moreover, it is often noted the absence of restriction profiles of
the two strains inoculated into some nodules in favor of the native strains. This means a
limited degree of infectivity of the inoculated foreign strains compared to the native strains.
According to Olivares [14], native rhizobial populations, often poorly effective for symbiotic
nitrogen fixation, are well adapted to soil conditions and are able to occupy most of the
nodules formed in the presence of bacterial strains applied to seeds. So overall, the two
reference strains were not dominant in the formation of nodules of gliricidia compared to the
native rhizobial population. Given the relative weakness of the native rhizobia population
compared to the high density of the inoculum, 10° bacteria per gram of soil against 10°
bacterial cells per liter respectively, the reference strains are not more competitive than the
native strains. In the same agro-ecological area, Diouf et al. [15] reported in Phaseolus
vulgaris very high nodule occupancy ratios for a strain inoculated compared to native strains
with nodule occupancy rates for the inoculated strain often ranged from 90 to 98%. Thies et
al. [16] described as highly competitive a strain that forms more nodules despite a smaller
proportion of the population compared to other competing strains. In addition, many authors
have reported a lack of competitiveness of introduced strains compared to native strains
[17,18]. Many work have reported that native rhizobiums can be considered competitive
because the size of their population is a priori lower than that of the inoculum and they have
succeeded in inducing the formation of nodules [16,17]. The results of this work are in
contrast to those of Moawad and Bohlool [19] who showed that inoculated strain alone or in
a mixture was able to completely dominate the native rhizobia of two types of tropical soils
for the nodulation of the plant, in a competitiveness study of the infective rhizobial strains of
Leucena leucocephala. In short, even though the native rhizobial population of Niayes zone
is in low proportion compared to the inoculated reference strains, their ability to nodulate
gliricidia may be considered as very important. In fact, under natural conditions, inoculated
rhizobial strains are at a survival disadvantage as compared to indigenous strains. Naturally
occurring rhizobia are known to be more persistent in soils than introduced strains [20,21].
Nodule occupancy rates of the most favorable rhizobial strain depended on the
competitiveness of other rhizobial strains in the rhizosphere and the environmental
adaptability of the favorable rhizobial strain [22]. In sandy Sub-Saharan soil of Senegalese
Niayes agro-ecological zone, native rhizobia population shown a high level of
competitiveness able to ensure nodulation of G. sepium tree. In addition these rhizobia are
reported to be highly No-fixation efficient [23]. Thereby, these rhizobia, well adapted to
environmental conditions can represent a useful germplasm for inoculum production due to
their better competitiveness.
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