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Rhizobium galegae LMG 6214T reference strain 75.0%. Subcluster 13e consisted

of nine isolates. Seven isolates [18BE (ES), 19AH (ES), 19AJ (ES), 26BC and

26BBV (A. mearnsii); 10BC and 10BB (A. dealbata)] formed a cluster at 88.0%

similarity and were 86.1% similar to isolate 16BAnol (A. dealbata) and 78.4%

similar to isolate 26BAV (A. mearnsii). The two members of subcluster 13f,

31BAV (A. dealbata) and 43no1BGrootAV (A. mearnsii), showed 75.3%

similarity.

Cluster 14

This cluster consisted of two isolates, 25BCV and 25BEV, from the same nodule ofanA.

mearnsii specimen, with 77.0% similarity.

Cluster 15

The two members of this cluster (45ACV and 40BDroogAV) with 69.5% similarity, were

isolated from two different A. mearnsii specimens from Mpumalanga and Kwazulu-

Natal, respectively.

Cluster 16

This cluster consisted of three isolates, one Sinorhizobium reference strain and two

Rhizobium reference strains with 67.3% similarity. Isolates 23BCV (A. mearnsii) and

1AAV (A. decurrens) (with 87.0% similarity) were 70.9% similar to the Sinorhizobium

terangae USDA 4894T reference strain and isolate 13BCV (A. dealbata), which were

78.8% similar. The Rhizobium sp. USDA 2947 and Rhizobium giardinii bv giardinii

H152T reference strains were 75.2% similar.

Cluster 17

Cluster 17 consisted often isolates with 63.0% similarity. Six isolates formed a cluster at

82.6% similarity: 20BHn02 (Oranje) and 20BBV (pienk), isolated from the same nodule

ofanA. dealbata specimen, 34DGrootBn02 (A. decurrens), 45BB (A. mearnsii), 5BBWit

(A. dealbata) and 45BCV (A. mearnsii). Isolate 31AAV (A. dealbata) showed 72.3%

similarity to this cluster and isolate 39AEV (A. mearnsii) 70.9% similarity. Isolates

 
 
 



20BBV (Oranje) and 22AV (A. meamsii) with 72.5% similarity, were isolated from

Acacia spp. collected from different locations in Gauteng with the soil pH within the 7.0

t07.9 range.

Cluster 18

Cluster 18 consisted of six isolates and one Sinorhizobium reference strain with 62.2%

similarity. Four isolates clustered at 77.9% similarity: llBAV and 16BC (A. dealbata),

26ABV (A. mearnsii) and 34CGrootA V (A. decurrens). The Sinorhizobium meliloti LMG

6133T reference strain showed 68.9% similarity to this cluster. Isolates 46BCV and

46ABV, collected from different nodules of the sameA. meamsii specimen, were 79.6%

similar.

Cluster 19

This cluster consisted of three Sinorhizobium reference strains. The SinorhizobiumJredii

LMG 6219 and LMG 6217T reference strains were 91.2% similar to each other and

66.9% similar to the Sinorhizobium kostiense LMG 19227T reference strain.

Cluster 20

This cluster consisted of two isolates and two Mesorhizobium reference strains. The

Mesorhizobium tianshanense USDA 3592T and LMG 18976T reference strains, which

were 93.2% similar, showed 72.6% similarity to isolate 13AD (A. dealbata) and 56.8%

similarity to isolate 16BD (ES) (A. dealbata).

The two loosely associated clusters and single loosely associated isolate

The two loosely associated clusters (clusters 21 and 22) joined the clusters of Sections I,

IT and ill at a similarity of 43.3%. Cluster 21 contained Agrobacterium and

Sinorhizobium reference strains and was joined by cluster 22 at 35.1% similarity. The

single loosely associated isolate, 20BGVnol (A. dealbata), joined all the isolates and

reference strains at a similarity of 6.8%.

 
 
 



Cluster 21

The 12 isolates and four Sino rhizobium and one Agrobacterium reference strains

comprising this cluster clustered at 47.3% similarity. Four subclusters could be

distinguished: Subclusters 21a and 21b showed 71.2% similarity and was joined by

subcluster 21c at 67.6% similarity. Isolate 34CGrootBV (A. decurrens) showed 58.5%

similarity to subclusters 21a to c and isolate 42AAV (A. meamsii) showed 51.1%

similarity. Subcluster 21d joined at 47.3% similarity.

Subcluster 21a consisted of one isolate and the four Sinorhizobium and one

Agrobacterium reference strains. The Sinorhizobium arboris USDA 4878 T and

LMG 14919T reference strains were 94.5% similar to each other; 89.4% similar to

the Sinorhizobium saheli USDA 4893T reference strain; 85.9% similar to isolate

12BDV (A. dealbata); 81.4% similar to the Sinorhizobium meliloti USDA 1002T

reference strain and 80.5% similar to the Agrobacterium rubi LMG 17935T

reference strain. Subcluster 21b consisted of four isolates with 76.6% similarity:

16BA(ES)n02 (A. dealbata) and 18BG (£S) (A. meamsii) were the closest related

at 95.1% similarity and showed 89.0% similarity to 29ACV (A. meamsii). Isolate

28AAV (A. dealbata) was the fourth member of this subcluster. The two members

of subcluster 21c, 35ABV (A. decurrens) and 31DsilindrBV (A. dealbata),

clustered at 78.8% similarity. Subcluster 21d consisted of three isolates: isolates

46BBV (A. meamsii) and 17CA (A. decurrens) were 64.8% similar to each other

and 60.6% similar to isolate 42ABV (A. meamsii).

Cluster 22

The two members of cluster 22, 15FV (A. dealbata) and 34AKIeinDV (A. decurrens),

clustered at 53.4% similarity.

The partial16S rDNA sequences of twenty indigenous Acacia isolates were compared to

those of members of the rhizobial genera Allorhizobium, Azorhizobium, Bradyrhizobium,

Mesorhizobium, Rhizobium and Sinorhizobium, as well as the generaAgrobacterium and

 
 
 



Phyllobacterium available from the GenBank database. A tree showing the phylogenetic

positions of the indigenous isolates is shown in Fig. 3.4. Fifteen of the sequenced isolates

(75%) grouped within the Bradyrhizobium branch of the phylogenetic tree. Two of these

isolates [18AB and 18BE (ES)] were isolated from the sameA. mearnsii specimen and

exhibited closest homology to the species B. elkanii. The remaining thirteen isolates,

obtained from all three the Acacia spp., were closely homologous to B. japonicum and B.

liaoningense. Isolate 10BAV from A. dealbata fell within the Mesorhizobium branch,

homologous to M plurifarium. Three isolates fell within the Agrobacterium-

Allorhizobium-Rhizobium branch of the tree. Within the cluster containing two isolates,

as well as R. etli, R. leguminosarum bv viciae and R. leguminosarum bv trifolii, isolate

20BCV (A. dealbata) was resolved on a separate branch, whilst isolate 23BAV (A.

mearnsii) was closely homologous to R. leguminosarum bv trifolii. Isolate 46ABV (A.

mearnsii) was resolved in the tight cluster containing R. tropici group Band A.

rhizogenes, with closest homology to the latter. Isolate 20BGVno1 (A. dealbata) was

resolved on a separate branch, with no close homology to any of the above genera. This

isolate was also only 6.8% similar to all of the indigenous isolates and reference strains in

the SDS-PAGE analysis.

A search of the NCBI's Nucleotide BLAST database, Standard nucleotide-nucleotide

BLAST/blastn, revealed the partial sequence of isolate 20BGVno1 to be closely

homologous to the 16S rRNA gene sequences of species of Xanthomonas (Class:

Gammaproteobacteria, Order: Xanthomonadales, Family: Xanthomonadaceae)

(Bergey's Manual Trust, 2001), with closest homology to X campestris. A phylogenetic

tree that included partial 16S rRNA gene sequences of species of Xanthomonas in

addition to the sequences included in the above phylogenetic tree (Fig. 3.4), confirmed

the close homology of isolate 20BGVno1 to the genus Xanthomonas, as well to the

species X campestris (data not shown). Members of this genus are plant pathogens,

causing various diseases on a variety of plants (including members of the family

Leguminosae) (Bradbury, 1984). Xanthomonads may also survive in many ways,

including with perennial hosts.

 
 
 



 
 
 



CHAPTER 4

 
 
 



CHAPTER 4

DISCUSSION

The association between indigenous rhizobial isolates and exotic Acacia spp. was

determined in this study by isolating putative rhizobial strains from the exotic species A.

meamsii, A. dealbata and A. decurrens.

In several instances more than one rhizobial type were isolated from the same nodule,

which is in accordance with previous reports indicating that diverse rhizobia were

isolated from the same leguminous host and even the same nodule (Dagutat, 1995;

Dreyfus and Dommergues, 1981; Kruger, 1998).

Several species have been described for isolates from Acacia spp .. De Lajudie et al.

(1994, 1998b) described two species, S. terangae and M plurifarium, for strains isolated

from several Acacia spp. in Senegal (West Africa). Two other species in the genus

Sinorhizobium, S. arb oris and S. kostiense, were also described for fast-growing isolates

from A. senegal and Prosopis chilensis in Sudan and Northern Kenya (Nick et al.,

1999b). The remainder of the isolates from A. senegal and Prosopis chilensis belonged to

the genus Sinorhizobium (Haukka et aI., 1996; Nick et aI., 1999b). In general, Acacia

spp. in African countries are nodulated by members of the genera Rhizobium,

Mesorhizobium, Sinorhizobium and Bradyrhizobium (Dreyfus and Dommergues, 1981;

De Lajudie et al., 1994, 1998b; Dupuy and Dreyfus, 1992; Dupuy et aI., 1994; Haukka et

aI., 1996; Nick et al., 1999b; Odee et aI., 1997; Zhang et aI., 1991). Agrobacterium

biovar 1 strains have also been isolated from root nodules of Acacia spp. in Africa (De

Lajudie et al., 1999). In South Africa the symbionts ofAcacia spp. are diverse, belonging

to the genera Bradyrhizobium, Rhizobium and Sinorhizobium (Dagutat, 1995; Kruger,

1998).

In this study, the indigenous isolates associated with the exotic Acacia species were

predominantly members of the genus Bradyrhizobium (clusters 1, 2a, 2b, 3b, 3c, 8a, 8c,

 
 
 



lOa, l3a, l3e), whilst others showed close similarity to the genera Agrobacterium

(clusters 8d, l3c), Mesorhizobium (clusters 7a, l3b) and Rhizobium (clusters 2a, 7b, 9b,

13b, l3c). Only one isolate with close similarity to Sinorhizobium (cluster 21a) was

found, whilst none of the isolates showed any similarity to Allorhizobium (cluster 7c) and

Azorhizobium (cluster 4). Earlier South African studies also indicated a predominance of

Bradyrhizobium strains among tree legume symbionts, as well as the absence of

indigenous strains similar to Azorhizobium (Dagutat, 1995; Kruger, 1998).

No correlation was evident between the protein electrophoretic groupings and the Acacia

host species, geographic origin or soil pH. However, Australian authors (Lafay and

Burdon, 1998, 2001; Marsudi et aI., 1999) have suggested that Bradyrhizobium species

may be the most common species in acid or near-neutral soil. In this study, as well as

previous South African studies (Dagutat, 1995; Kruger, 1998), Bradyrhizobium strains

were predominant among the isolates. The upper limit of the soil pH range from which

the isolates were isolated in this study was near neutral pH, i.e. pH 7.64. Thus, the

correlation between the distribution ofBrady rhizobium strains and the soil pH may be the

same as in Australia and should be investigated in future studies.

Both fast- and slow-growing strains were isolated from A. dealbata, A. mearnsii and A.

decurrens, although few fast-growing strains (less than 30%) were isolated from A.

decurrens. The same nodulation responses were indicated forA. dealbata andA. mearnsii

in southeastern Australia (Lafay and Burdon, 2001). Dreyfus and Dommergues (1981),

however, indicated that African A. mearnsii is nodulated by slow-growing strains only

(something not found in clusters 2a, 7b, 8d, 9b, l3c).

The higher similarity observed between the slow-growing isolates compared with the

fast-growing isolates was the direct result of the lower quality (less distinct and sharp

bands) of the protein profiles of the former (Dagutat, 1995; Dupuy et aI., 1994; Kruger,

1998; Moreira et aI., 1993). Dupuy et a1. (1994) indicated that numerical analyses in

which r values are used for profiles of this type oflow quality are influenced more by the

specific selection of strains. AFLP fingerprinting, direct sequencing of the IGS region

 
 
 



and IGS ARDRA may be more suitable methods for the initial screemng of

bradyrhizobial strains (Doignon-Bourcier et aI., 2000; Willems et aI., 2000, 2001 b,

2001c).

Different rhizobial species or groups were separated well below the similarity level of

91% in the SDS-PAGE analysis, with the exception of R. tropici group Band A.

rhizogenes (Agrobacterium biovar 2) which had a similarity of 91.6% (cluster 13c).

ARDRA analysis of the 16S rRNA genes of the genus Rhizobium and other genera

indicated that the variation observed between the 16S rRNA gene sequences was

sufficient to permit the identification of the individual species, except for R. tropici and

A. rhizogenes (Laguerre et a!., 1994). These findings are also consistent with

phylogenetic data based on 16S rRNA gene sequencing showing that R. tropici group A,

R. tropici group Band A. rhizogenes are intermixed in a tight cluster (Arnarger et aI.,

1997; Chen et al., 1997; De Lajudie et a!., 1994, 1998a, 1998b; Dupuy et al., 1994;

Sawada eta!., 1993; Van Berkum etal., 1998; Vehizquez eta!., 2001; Wang eta!., 1998;

Willems and Collins, 1993; Yanagi and Yamasato, 1993; Young etal., 2001).

Therefore, strains that clustered in groups having 92% or more similarity was considered

as having potential species status, whilst strains sharing 94% or more similarity were

considered as being identical (based upon the accepted 94% limit for reproducibility).

Two isolates fromA. dealbata in cluster la, as well as three isolates fromA. meamsii and

one isolate from A. decurrens in cluster 1b were considered to belong to the species B.

japonicum. In several instances isolates from different specimens of the same Acacia sp.

shared 94% or more similarity, for example: (i) Isolates 3AA and 6AA from differentA.

dealbata specimens from Gauteng shared 96.2% similarity (cluster 1a); (ii) Isolates

19AG (ES) and 18AC (ES) from differentA. meamsii specimens from Evaton, Gauteng,

shared 94.2% similarity (cluster 2c); and (iii) Isolates 34DGrootBno1 and 35ACn02 from

different A. decurrens specimens from Centurion, Gauteng, shared 97.4% similarity

(cluster 9a). Isolates from different Acacia spp. were also 94% or more similar: (i)

Isolates 31CKleinwitCV (A. dealbata) and 47aAV (A. meamsii), which were isolated

from specimens that were collected from different regions in South Africa, shared 94.2%

 
 
 



similarity (cluster lc); (ii) Isolates 31BKleinwitBV and 31DsilindrDV, isolated from a

single A. dealbata specimen, were 94.8% or closer related to one or more of the A.

meamsii isolates in cluster 2b (the isolates in this cluster originated from three different

locations in Gauteng); (iii) Isolates 42BAV (A. meamsii) and 34DGrootBno 1 (A.

decurrens), originating from different regions in South Africa, shared 100% similarity

(cluster 9a); and (iv) Isolates 16BA(ES)no2 (A. dealbata) and 18BG(ES) (A. meamsii)

also originated from different regions in South Africa and shared 95.1% similarity

(cluster 21b).

Clusters 12 and 14 consisted of isolates that were isolated from the same nodule of A.

dealbata andA. meamsii specimens, respectively. Two of the isolates in cluster 12 were

closely related to each other, but were relatively unrelated to S. medicae and the third

isolate. The two isolates of cluster 14 were relatively unrelated. In contrast, clusters 7a,

8c and lOb included isolates that were closely related even though they were isolated

from different nodules of the same Acacia specimen, respectively.

The two type strains of each of nine species (A. caulinodans, B. elkanii, B. japonicum, B.

liaoningense, M loti, M tianshanense, R. leguminosarum bv viciae, R. mongolense and

S. meliloti) obtained from the Laboratorium voor Microbiologie Gent Culture Collection

(State University Gent, Belgium) and the United States Department of Agriculture-ARS

National Rhizobium Culture Collection (USA), respectively, did not share 94% or more

similarity in the SDS-PAGE analysis as expected and in some instances were recovered

in different clusters. The different reference strains ofM loti (LMG 4264, LMG 4268t1,

LMG 6123, LMG 6125T and USDA 3471T), R. leguminosarum (LMG 4260, LMG

6294t2, LMG 8820T
, LMG 14904T and LMG 2370\ S. fredii (LMG 6217T and LMG

6219) and S. medicae (LMG 18864 and USDA 1037T), respectively, were also either

recovered in different clusters or shared less than 92% similarity. These strains will have

to be characterized further using genotypic methods in order to explain their relationships

in the SDS-PAGE analysis. Possible explanations for the relationships between the M.

loti type and reference strains, as well as between the S. meliloti type strains are given

later in the text.

 
 
 



B. liaoningense USDA 3622T clustered in cluster 1 together with B. japonicum LMG

6138T and USDA 6T (showing 88.7% similarity to the latter), whilst B. liaoningense

LMG 18230T was recovered in cluster lOa in the SDS-PAGE analysis. B. elkanii USDA

76T and LMG 6134T were recovered in cluster 13a. DNA-DNA hybridization analyses of

the three Bradyrhizobium species indicated that B. liaoningense is genotypically highly

related to B. japonicum, whereas B. elkanii is more distantly related to these two species

(Willems et al., 2001a). The genospecies representing the former two species were

recovered in the same subgeneric group, being more closely related to each other (>40%

DNA hybridization) than to the genospecies representing B. elkanii «40% DNA

hybridization), which was recovered in a separate subgeneric group (Willems et aI.,

2001 b, 2001c).

Although R. leguminosarum bv tn/olii was originally described for strains isolated from

Trifolium spp. and R. leguminosarum bv viciae for symbionts of Vicia, Pisum, Lathyrus

and Lens spp. (Jordan, 1984), indigenous rhizobial isolates from, among others, Acacia

spp. showed affinity to these biovars in previous South African studies (Dagutat, 1995;

Kruger, 1998). In this study several isolates from A. mearnsii, as well as an isolate from

A. dealbata, showed close similarity to R. leguminosarum bv trifolii (cluster 2a), whilst

isolates from A. mearnsii showed similarity to R. leguminosarum bv viciae (cluster 7b) in

the SDS-PAGE analysis. The close similarity of the indigenous isolates to these two

biovars of R. leguminosarum was confirmed by the 16S rDNA sequencing analysis.

Acacia isolates from Australia are also similar to R. leguminosarum (Lafay and Burdon,

1998; Marsudi et aI., 1999).

One of the isolates fromA. mearnsii included in cluster 2a belongs to the Bradyrhizobium

lineage as determined by 16S rDNA sequencing. This isolate, as well as several other

isolates from A. mearnsii and a single isolate from A. dealbata, were 91.1% similar to R.

leguminosarum bv tn/olii in the SDS-PAGE analysis. Another isolate from A. mearnsii,

also belonging to the Bradyrhizobium lineage as determined by 16S rDNA sequencing,

was included in cluster 2b and was 88.7% similar to R. leguminosarum bv tn/olii. These

are high percentages of similarity between strains of different genera. Therefore, the

 
 
 



relationships between the strains of clusters 2a and 2b will have to be resolved using

additional genotypic methods. Similarly, the relationships between the two A. dealbata

isolates and M loti included in cluster 7a will have to be resolved: one isolate, which was

85.2% similar to M loti and the other isolate, belonged to the Rhizobium lineage as

determined by 16S rDNA sequencing.

A. eaulinodans very specifically nodulates the stems and roots of Sesbania rostrata

(Dreyfus et aI., 1988). The bradyrhizobial stem nodule isolates of another legume genus,

Aesehynomene, produce bacteriochlorophyll and perform photosynthesis. A single isolate

from A. dealbata, belonging to the Bradyrhizobium lineage as determined by 16S rDNA

sequencing, exhibited relative close similarity to A. eaulinodans in the SDS-P AGE

analysis (cluster 4). No isolates were related to this genus in the 16S rDNA sequencing

analysis. The absence of indigenous strains similar to Azorhizobium was also indicated in

previous South African studies (Dagutat, 1995; Kruger, 1998).

Our SDS-P AGE results indicated a very high degree of relatedness between M loti LMG

6123 and M plurifarium USDA 3707T, as well as a high degree of relatedness between

these two species andM huakuii LMG 14107T and USDA 4779T (cluster 13b). The other

M. loti reference strains were dispersed throughout the dendrogram with strain LMG

6125T (showing a high degree of relatedness to M mediterraneum USDA 3392T
) in

cluster 6, strain LMG 4268t1 in cluster 7a, and strains LMG 4264 and USDA 3471 T in

cluster 13b and 13d, respectively. De Lajudie et al. (1998b) indicated that M loti LMG

6123, M huakuii and M plurifarium formed a tight cluster in a phylogenetic analysis of

16S rRNA gene sequences. M loti LMG 6125T was recovered in a separate rRNA gene

subcluster together with M cieeri and showed 23% total DNA hybridization with M loti

LMG6123. Based on these data and the fact thatM loti reference strains were recovered

in different positions in the dendrogram obtained from SDS-PAGE of whole cell

proteins, these authors suggested that this species needs further examination to define

different groups and to secure its taxonomic status. Several other studies indicating

separate positions ofM loti reference strains in SDS-PAGE analyses (De Lajudie et aI.,

1998a, 1998b; Dupuy et aI., 1994; Kruger, 1998; Moreira et aI., 1993), low DNA

 
 
 



homology between rhizobia classified as M. loti (Sullivan et aI., 1996) and divergent 16S

rRNA genes (De Lajudie et aI., 1998b; Laguerre et aI., 1994, 1997; Sullivan et aI., 1996)

support this opinion.

Strains ofAgrobacterium biovar 1 LMG 140T and LMG 187T exhibited diverse protein

patterns and were recovered in different positions in clusters 7a and 8d, respectively, in

the SDS-PAGE dendrogram. Similar observations were made previously (De Lajudie et

aI., 1998a, 1998b). Indigenous isolates from A. mearnsii and A. dealbata exhibited

similarity to Agrobacterium biovar 1 LMG 187T
. These isolates, especially isolate

29AAV (A. mearnsii) which was more than 85% similar to the reference strain, will be

characterized further in future studies (especially with regard to their nodulation status).

Although one of the isolates from A. mearnsii included in cluster 7b in the SDS-PAGE

analysis was less than 85% similar to R. leguminosarum bv viciae, this isolate belonged

to the Rhizobium lineage, with closest homology to R. leguminosarum bv trifolii

according to the 16S rDNA sequencing analysis. Therefore the relationships within this

cluster will also have to be resolved using different techniques. Similarly, an isolate from

A. dealbata that was homologous to M plurifarium in the 16S rDNA sequencing

analysis, exhibited less than 85% similarity to M plurifarium in the SDS-PAGE analysis

(cluster l3b).

Allorhizobium undicola was described for the strains that effectively nodulate Neptunia

natans, a stem-nodulated tropical legume found in waterlogged areas of Senegal (De

Lajudie et aI., 1998a). M plurifarium strains, isolated from Acacia spp., can nodulate N

natans (De Lajudie et aI., 1998b). However, no indigenous isolates showed similarity to

A. undicola in the SDS-PAGE (cluster 7c) or 16S rDNA sequencing analyses.

Several studies indicated that R. etli strains are not restricted to the Americas and that

these strains are able to nodulate host legumes other than common bean (Amarger et al.,

1997; Dagutat, 1995; Diouf et aI., 2000). In the study by Dagutat (1995) R. etli strains

were isolated from the tree legume Acacia melanoxylon. Although none of the indigenous

 
 
 



strains characterized in the present study showed close similarity to R. etli bv phaseoli in

the SDS-PAGE analysis (cluster 11), a single isolate from A. dealbata did exhibit close

similarity to this species in the 16S rDNA sequencing analysis.

A single indigenous isolate from A. dealbata exhibited close similarity to M loti and M

plurifarium in the SDS-P AGE analysis (cluster 13b). M loti (Jarvis et aI., 1982, 1997)

forms effective nodules on Lotus, Lupinus and/or Anthyllis spp., whereas M plurifarium

(De Lajudie et al., 1998b) was described for strains isolated from several Acacia spp. in

Senegal (West Africa). In the 168 rDNA sequencing analysis none of the sequenced

indigenous isolates exhibited similarity to M loti, whereas a different single isolate from

A. dealbata was closely related to M plurifarium.

In this study the species R. hainanense exhibited close similarity to R. tropici group B

andA. rhizogenes (Agrobacterium biovar2) in both the SDS-PAGE (cluster 13c) and 16S

rDNA sequencing analyses. Two different indigenous isolates from A. meamsii also

exhibited similarity to this cluster of rhizobial species in the SDS-P AGE analysis and 16S

rDNA sequencing analysis, respectively. Isolates related to R. tropici were isolated from

A. meamsii andA. dealbata in southeastern Australia (Lafay and Burdon, 2001).

S. meliloti strains could be subdivided into two subgroups (AI and A2) based on MLEE

(Eardly et aI., 1990) and PCR (De Bruijn, 1992) data. Although both S. meliloti strains

LMG 6133 and USDA 1002 are derivatives of the type strain ATCC 9930 belonging to

subgroup AI, these strains clustered in separate positions in the SDS-PAGE dendrogram

in this study. However, in the study by Dagutat (1995) these strains also exhibited low

affinity to each other, compelling the author to question the status of strain USDA 1002

as a representative of S. meliloti. In contrast to previous studies (Dagutat, 1995; Kruger,

1998), none of the indigenous isolates showed similarity to S. meliloti (clusters 18 and

21a).

Based on their protein profiles alone, some of the isolates are clearly differentiated and

cannot be assigned to any of the previously recognized species. The taxonomic position

 
 
 



and identity of these isolates that clustered in groups linked to known species or in

distinct groups with no specific relationship should be clarified by further genotypic

studies. Some of these isolates may represent new species within the rhizobial group or

may belong to taxa outside this group (for example isolate 20BGV no 1).

The 16S rDNA sequencing analysis gave results comparable to those of the SDS-PAGE

analysis: Most of the sequenced isolates were resolved within the bradyrhizobial branch

of the phylogenetic tree, whilst a few were resolved within the branches containing the

fast-growing rhizobial genera. The relationships within the Bradyrhizobium branch

containing B. japonicum and B. liaoningense will have to be resolved using RFLP

analysis. It was proposed that all species of Agrobacterium, as well as Allorhizobium

undicola, be included in the genus Rhizobium (Young et aI., 2001) and therefore the

specific relationships within the Agrobacterium-Allorhizobium-Rhizobium branch of the

phylogenetic tree should be resolved using additional techniques. Isolate 20BGVnol (A.

dealbata), belonging to the Xanthomonas lineage, may have infected the Acacia

specimen from which it was isolated (though no Acacia spp. are reported as hosts for

these pathogens), or may have been in a state of survival in the plant tissue. Originally,

all bacteria considered capable of nodulating legumes were included within the 0.-

subdivision of Proteobacteria. However, bacteria belonging to the genus Burkholderia

within the p-subdivision of Proteobacteria are also capable of nodulating leguminous

plants (M. M. Kock, unpublished data; M. Lindeque, unpublished data; Moulin et al.,

2001). Therefore, the possibility of isolate 20BGVnol being capable of nodulating

legumes should not be ignored and should be investigated in future studies.

The comparison of the SDS-PAGE and 16S rDNA sequencing data confirmed that

identification above the species level is not possible based on SDS-PAGE data alone:

clusters containing potential Bradyrhizobium strains can be found among clusters

containing only Rhizobium species (Dupuy et aI., 1994) and in some clusters a high

similarity was observed between strains belonging to different genera (clusters 2a, 2b and

7a). SDS-PAGE is therefore only useful for the initial grouping of large numbers of

highly related strains into clusters having potential species status. Genotypic data,

 
 
 



including chromosomal DNA-DNA hybridizations, DNA-rRNA hybridizations and

rDNA sequencing, are necessary to determine the taxonomic status of the different

clusters (Dupuy et aI., 1994; Moreira etal., 1993).

Although both fast- and slow-growing strains were isolated from the three studied Acacia

spp., they exhibited a predominant association with the slow-growing strains of the genus

Bradyrhizobium. Ideally, plants used to trap rhizobia for application in the inoculant

industry should be promiscuous and nodulated by a wide range of rhizobial strains.

Therefore the legume species A. meamsii, A. dealbata and A. decurrens would not playa

significant role to trap rhizobia for application in the inoculant industry in South Africa,

but nonetheless should not be ignored as trap plants.

The establishment of successful plantations ofA. meamsii, an important commercial tree

in South Africa, is often limited by marginal growing conditions (Yobo, 1998). The

collection of strains obtained in this study would provide an invaluable source of

potential inoculant strains for A. meamsii which might be better adapted to the local

climatic and soil conditions. However, these strains will also be tested with regard to their

symbiotic effectiveness with agriculturally important legumes. In South Africa there is

especially a need for better inoculant strains for beans (Phaseolus spp.) (Ian Law,

personal communication), leading to collaborations between SA and INRA-Laboratoire

de Microbiologie des Sols (France), as well as between SA and the group ofMonique

Gillis (State University Gent, Belgium). Presently strains of R. leguminosarum bv trifolii

are used as inoculants for clover (Trifolium spp.), R. leguminosarum bv vidae strains as

inoculants for peas (Pisum spp.) and vetch (Vida spp.), R. leguminosarum bv phaseoli

strains as inoculants for beans (Phaseolus spp.) and B.japonicum strains as inoculants for

soy bean (Glycine max). B. liaoningense, B. elkanii and S.fredii also nodulate soy bean

and may be considered as inoculant strains for this legume species. The same applies to

R. etli bv phaseoli, R. gallicum, R. giardinii and R. tropid, which may be considered as

inoculant strains for bean. In the SDS-PAGE analysis several strains exhibited 90% or

more similarity to the B.japonicum (clusters la and Ib), B. elkanii (cluster 13a) and R.

leguminosarum bv trifolii (cluster 2a) reference strains. These strains will receive special

 
 
 



consideration when screening the collection for potential inoculant strains for soybean

and clover.

 
 
 



CHAPTERS

 
 
 



CHAPTER 5

CONCLUDING REMARKS

SDS-PAGE analysis of whole cell proteins is a useful tool for the initial grouping of a

large collection of closely related strains into groups having potential species status and

provides differentiation at intraspecies level. SDS-PAGE data should not, however, be

used alone, but should rather form part of a polyphasic approach in order to make useful

conclusions regarding the strains investigated. SDS-PAGE data should especially be

supplemented by genotypic data to determine the exact taxonomic status of the different

SDS-PAGE clusters above the species level.

Both fast-and slow-growing rhizobial strains were isolated from A. mearnsii, A. dealbata

andA. decurrens.

The majority of the isolates associated with the exotic Australian Acacia spp. were slow-

growing strains belonging to the genus Bradyrhizobium. Some of the other isolates

exhibited close relationships to the genera Agrobacterium, Mesorhizobium, Rhizobium

and Sinorhizobium.

Isolates related to the genera Agrobacterium and Xanthomonas should especially be

investigated regarding their nodulation status in order to determine whether

microorganisms other than rhizobia may nodulate Acacia spp.

The taxonomic position and identity of the isolates that were clearly differentiated and

could not be assigned to any of the previously recognised species based on the protein

data alone should be clarified by further genotypic studies.

 
 
 



The legume species A. mearnsii, A. dealbata and A. decurrens would not play a

significant role to trap rhizobia for application in the inoculant industry in South Africa.

From the large collection of indigenous rhizobia obtained in this study, there may be

some strains that can play an important role to improve nitrogen fixation in South Africa,

especially with regard to the commercial cultivation of A. mearnsii.
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The three Australian Acacia species, A. meamsii, A. dealbata and A. decurrens, are

commonly known in South Africa as black wattles (or tan wattles), silver wattles and

green wattles, respectively. TheseAcacia spp. are sometimes confused, but in most cases

they can be distinguished by the colour of their leaves and branchlets, as well as in the

details of their leaves. Therefore it was thought appropriate to include an appendix

containing descriptive information of each.

The general assumption is that A. meamsii, which is indigenous to south-eastern

Australia, was introduced in South Africa in 1864. However, records indicate that this

species occurred in the Cape Town Botanical Gardens as early as 1858. It was originally

introduced to Natal for its shade and as firewood, but by 1880 it was cultivated in

commercial plantations for its bark. From these plantations it spread to disturbed areas,

such as overgrazed and burnt areas. The black wattle is a widespread plant invader in

South Africa, especially near watercourses, and also invades grassland, forest gaps and

roadsides. It grows well in deep, well-dmined soil in regions with a high minfall, but may

also grow in shallower soil types if enough water is available. Thus, although this species

is commercially very important, it is an undesirable aggressive invader when occurring in

regions other than commercial plantations and should not be planted without great

deliberation. (Henderson, 1995; Poynton, 1973,1975; Stirton, 1978)

Black wattles are unarmed, evergreen trees growing five to ten metres high, but may

grow as high as 15 to 30 m. Bmnchlets are shallowly ridged and slightly hairy with

characteristic yellow, redbrown or golden, hairy growth tips. The leaves are dark olive

green, finely hairy and bipinnate with crowded, short (1.5 to 4 mm) leaflets (Figure AI).

In addition to the several raised glands on the upper surface of the leaf mid-rib at the

junctions of pinnae pairs, the leaf of the black wattle also has one or more glands between

 
 
 



the junction of each pinnae pair (Figure AI). The trees flower between August and

November, up to December, carrying strongly scented, pale yellow or cream flowers in

globular flowerheads that are grouped together at the tips of the branches. The dark

brown pods are flat, finely hairy and usually markedly constricted between the seeds

(Figure AI). The seeds mature within approximately 14 months, but may take up to 15

months. (Henderson, 1995; Henderson and Musil, 1987; Moll and Scott, 1981; Poynton,

1973, 1975; Stirton, 1978)

A. dealbata originates from Australia and is cultivated for shelter, shade and firewood.

However, this species is also considered a declared weed and dangerous plant invader

when occurring in areas other than commercial plantations and invades grassland,

roadsides and watercourses. (Henderson, 1995)

Silver wattles are unarmed, evergreen trees that usually grow five to ten metres high, but

may grow as high as 15 m. Branchlets are shallowly ridged, often tinged grey or purple

with growth tips that are hairy, initially yellow turning greyish or white. The leaves are

silver-grey to light/dull green, finely hairy and bipinnate (Figure AI). The crowded

leaflets are short (two to five and a half millimetres) and a raised gland occurs at each

junction of pinnae pairs on the mid-rib of the leaf (Figure AI). The trees flower between

July and August, carrying pale to bright yellow flowers in globular flowerheads that are

grouped together at the tips of the branches. The greyish or purplish-brown pods are flat

and not or only slightly constricted between the seeds (Figure AI). (Henderson, 1995;

Henderson and Musil, 1987)

A. decurrens is indigenous to East Australia and was introduced to South Africa for its

bark. Today, however, it is cultivated only for shelter, shade and as ornaments, mainly in

cool, moderately humid regions. This species also invades grassland, roadsides and

 
 
 



watercourses when occurring in areas other than commercial plantations. (Henderson,

1995;Poynton, 1973, 1975)

Green wattles are unarmed, evergreen trees growing five to ten metres high, but may

grow as high as 15 to 30 m. These trees are devoid of hairs or powdery bloom. Branchlets

are green and prominently angled with wing-like ridges (Figure AI). The leaves are

bright green, devoid of hairs, bipinnate and feathery (Figure AI). A. decurrens is readily

distinguished from A. mearnsii and A. dealbata by its longer (six to 15 mm), slender and

more openly arranged bright green leaflets. A single raised gland occurs at each junction

of pinnae pairs on the upper surface of the mid-rib of the leaf (Figure AI). The trees

flower between July and August, carrying bright yellow flowers in globular flowerheads,

which are grouped together at the tips or axils of the branches. The dark brown pods are

flat, devoid of hairs, slightly constricted and approximately seven to ten centimeters in

length (Figure AI). The seeds mature within approximately four to five months.

(Henderson, 1995; Henderson and Musil, 1987; Poynton, 1973, 1975)
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