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Introduction

Nitrogen (N) is the most abundant gas in the 
atmosphere (~80%) and the most difficult for 

plants to acquire. Only plants that form a symbiotic 
relationship with the nitrogen fixing bacteria can fix 
N (Lindemann and Glover, 2003). N-fixing bacteria 
(e.g. Rhizobium spp.) are associated with N-fixing 
plants (e.g. legumes). There is a degree of specific-
ity between the legume and the bacteria. Specificity 
of R. leguminosarum biovar trifolli, is governed by 
Nod gene. The expression of nodulation genes in 
the bacteria is activated by signals from plant roots. 
The aim of this study was to determine nodulation 
efficiency of clover Rhizobium of White Clover (Trifo-
lium repens), African Clover (Trifolium africanum) and 
Rose Clover (Trifolium hirtum) growing in the soils of 
the Eastern Cape and their cross nodulation ability. 

Materials and methods
Trifolium repens, T.africanum and T.hirtum were 
planted in 10 cm pots containing soils from either 
one of the three rural villages (Roxeni, Lushington, 
Allan water) and two research centres (Mpofu Train-
ing Centre and Dohne Agricultural Research Station). 
The soils were either treated with Rhizobium legu-
minosarum strain Alosca C or untreated. After four 
weeks the clover plants were removed from soil, the 
tops were cut and dried at 60 °C for 24 hours, and 
their length was measured to determine if growth 
stimulation had occurred. The root nodule numbers 
were also observed to determine the degree of nodu-
lation. This was followed by isolation of Rhizobium on 
Yeast Mannitol Agar (YMA) plates. The root nodules 
were excised from the clover root, sterilized in 70% 
ethanol and crushed in a drop of sterile water, then 
streaked on the YMA plates. After three purification 
cycles pure rhizobial colonies were used to prepare 
a rhizobial suspension. The suspension was then 
used to inoculate seedlings of the three clover spp. 

growing in Plant Growth Nutrient Agar Slants, to de-
termine their cross nodulation efficiency. The effects 
of cross nodulation were determined by visual ob-
servation of the formation of root nodules.

Results 
The growth profiles of the untreated and treated  
clovers are as shown in Figures 1-3. 

Trifolium repens showed no growth difference 
in both the untreated and Alosca C treated soils of 
Dohne. Improvement in the growth of T. repens was 
observed following the addition of the Alosca C in-
oculant in the Lushington, Mpofu and Roxeni soil, 
while in untreated Allan water soils T. repens more 
growth was exhibited (Figure 1).

Trifolium hirtum showed no growth difference in 
both untreated and Rhizobium leguminosarum strain 
Alosca C treated soils of Lushington. Improvement 
in the growth of T. hirtum was observed following the 
addition of the inoculant (Rhizobium leguminosarum 
strain Alosca C) in Dohne, Mpofu and Roxeni soils, 
while in untreated Allan Water soils T. hirtum showed 
more growth (Figure 2).

Good growth was observed for T. africanum fol-
lowing the addition of the inoculant Rhizobium le-
guminosarum strain Alosca C in Dohne, Allan Water, 
Mpofu and Roxeni soils and in Lushington soils the 
growth in untreated soil was slightly high (Figure 3).

Discussion 
In this study, nodulation was only observed in T. af-
ricanum and no cross nodulation was observed for 
all the clover plants. Since T. africanum is a South 
African clover and T. repens and T. hirtum are exotic 
species it is likely that they did not nodulate because 
the native soil microflora did not contain any rhizobia 
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Figure 1.  Difference of shoot length between T. repens with 
Alosca C and T.repens without Alosca C.

Figure 2.  Difference of shoot length between T. hirtum with 
Alosca C and T.hirtum without Alosca C. 

Figure 3.  Difference of shoot length between T.afrianum with 
Alosca C and T.africanum without Alosca C. 
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specific for them. Soils free of the required rhizobia 
are usually encountered when a new crop is intro-
duced where indigenous related legumes are absent 
(Catroux et al. 2001). Soil samples used in this study 
were collected from abandoned arable lands which 
have not been cultivated for five to ten years, during 
which the quality or nutrients in the soil might have 
reduced (Kennedy and Smith 1995; Ndiritu 1999). 

Other unfavourable soil conditions that could 
have affected the presence of the desired Rhizo-
bia include high temperature, dryness and salinity 
(Catroux et al., 2001). All three clover species used 
in this study failed to nodulate in soils treated with 
Rhizobium leguminosarum strain Alosca C inoculant 
and this could be probably because only four weeks 
was allowed for growth. The microorganisms in the 
inoculant needs time to adjust to the new environ-
ment (Pearce et al. 2008) and based on the observa-
tion made in (Fig. 1 –3) inoculation improved growth 
dramatically in Mpofu and Roxeni soils, but did not 
form nodulation. This could mean that infection was 
still at its initial phase when the plants were harvest-
ed. Cross nodulation failure by all the clover species 
could be attributed to the restricted host range of 
T. repens and T. hirtum, with respect to the strains 
used in this study (Lesueur et al., 1996). However 
at this point it is not clear why the same strain iso-
lated from T. africanum did not cross nodulation with 
it. The ineffectiveness of cross nodulation for these 
three clover species highlights the complex nature 
of cross-nodulation relationships between diverse 
rhizobial strains and legume hosts. The effectiveness 
of cross nodulation for these groups was going to 
serve as a guide to inoculant preparation (Turk and 
Keyser, 1992). 

Conclusion
Based on the results obtained in this study it can 
be concluded that either the soil conditions were 
unfavorable for the clover species or the Rhizobia 
specific for them were absent in the soil microflora 
of the five sites. The ineffectiveness of cross nodu-
lation for these three clover species highlights the 
complex nature of cross-nodulation relationships 
between diverse rhizobial strains and legume hosts.  
To correct this introduction of relevant inoculants and 
a soil analysis in abandoned land is recommended.
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Table 1:  Nodulation of three un-inoculated clover species grown in soil from five sites 

 Key: E – effective, I – ineffective and X – no nodulation

Table 2:  Nodulation of three inoculated clover species grown in soil from five sites

 Key: X – no nodulation

Ineffective nodulation was observed for T.africanum 
grown in Dohne and Lushington soils whereas ef-
fective nodulation was observed for the same plant 
species grown in Allan water soils. No nodulation was 
observed for both T.repens and T.hirtum in the soils 
of all the five sites they were planted in (Table 1).

No nodulation was observed for all the three 
clover species in the soils of all the five sites they 
were planted in (Table 2).

Trifolium spp Site

Dohne Lushington Allan Water Mpofu Roxeni

T. repens X X X X X

T. africanum I I E X X

T. hirtum X X X X X

Trifolium spp Site

Dohne Lushington Allan Water Mpofu Roxeni

T. repens X X X X X

T. africanum X X X X X

T. hirtum X X X X X


