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The potency and competitive ability of indigenous rhizobia population in soil to nodulate a non-native
legume host has been contentious especially in tropical Africa. This study examined the symbiotic
compatibility between the indigenous rhizobia population and a non-native legume species. Soil
samples were randomly collected with soil auger at 0 - 30 cm depth from agricultural fields southeast,
Nigeria. The control soil samples were obtained from the Badagry beach which had no previous history
of legume cultivation at the same depth. Mucuna pruriens seeds were aseptically sown in plastic pots
containing these soils kept in the greenhouse for 10 weeks. The test pots were watered with sterile
distilled water while the control pots received inorganic nitrogen (N) as source of N nutrient. The
agronomic features of the host legume were evaluated after 10 weeks and the presence of appropriate
Rhizobium inoculant contributed positively to biomass production in M. pruriens. The Mucuna
microsymbiont was found to thrive under favorable climatic and edaphic factors for effective nodulation
of the host legume. The microsymbiont was identified on yeast-extract mannitol salt agar (YEMA)
containing bromothymol blue (BTB) as Bradyrhizobium and Rhizobium species. This study convincingly
showed the importance of rhizobia to soil fertility maintenance in sustainable agricultural practice as
well as the adaptability of the legume microsymbiont to different ecological zones particularly the
tropical humid environment.
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INTRODUCTION

The challenge facing agriculture in sub-Saharan Africa is is due to excessive cultivation of farmlands which results
decreasing soil fertility and decreasing productivity. This in low fertility in most of the soils in sub-Saharan Africa
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and the limited use of fertilizers which often are not
readily available (Anonymous, 1999).

Leguminous cover crops such as in alley cropping have
the potential to contribute to soil nitrogen and increase
the yields of subsequent or associated cereal crops through
symbiotic N,-fixation. Although, it has often been wrong-
fully assumed that Mucuna pruriens will freely nodulate,
fix N, and therefore contribute to soil N. Recent findings
suggested M. pruriens failure to nodulate in some
farmer’s field in the derived Savanna in Republic of
Benin. Although, Mucuna could play an important role as
a source of N, it may also depend solely on soil N and
therefore may deplete soil N, hence behaving as non-
fixers when either not effectively nodulated or there is too
low nutrient availability particularly phosphorous (P)
(Hougnandan et al., 2000; Jemo et al., 2007).

M. pruriens has been reported to be adequately
established and well nodulated in soil in the presence of
its microsymbiont, favorable climatic and edaphic factors
which enhances its establishment in soil within the humid
and moist savanna zone of Nigeria (Ojo, 2001; Jemo et
al., 2007).

The severity of the spear grass (Imperata cylindrical)
problem, the decline of the traditional fallow system as a
means of soil fertility management and lack of inorganic
fertilizer, necessitated the adoption of M. pruriens
technology by small holders in some areas in the derived
Savanna of West Africa (Akobundu and Okigbo, 1984;
Versteeg and Koudokpon, 1993; Sanginga et al., 1996).
In West Africa, crop productivity declines rapidly when
the fallow period is shortened below a minimal period of
time needed to restore soil fertility to a level accepted for
sustainable agricultural practice. Hence, soils are degrading
rapidly and nutrient balances are negative (Van der Pol et
al., 1993). In order to tackle this problem in West Africa,
the development of cropping systems that enhances
sustainable crop production at an economically accepted
level with minimal external inputs has long been
proposed. Alley cropping systems (Kang et al., 1981) and
other soil fertility regenerating techniques such as
intercropping of maize and Pigeon pea (Cajanus cajan),
relay planting of M. pruriens one month after planting
maize or planting tree fallows of Acacia auriculiformis on
severely degraded soils have since been tested in the
Mono province of Benin Republic by Versteeg and
Koudokpon (1993). In alley cropping systems, trees are
intercropped with crops and cut back regularly to avoid
tree-crop competition for water, light or nutrients. The tree
pruning is subsequently applied to soil surface thereby
supplying nutrients. Although, alley cropping systems
have proven to sustain crop productivity on soils of high
base saturation with minimal supplies of mineral fertilizer
(Kang et al., 1995), the use of M. pruriens as green
manure for intensive maize (Zea mays L.) production in
West Africa has given much positive yield effect to
suggest its integration into sustainable agriculture
practice within the region (Hauser and Nolte, 2002). The

socio-economic conditions of the peasant farmers have
prevented the absolute adoption of this system as well as
reports that N, released from decomposing residues is
poorly recovered by food crops (Vanlauwe et al., 1996b,
1998).

The selection of adequately adapted inoculants strains
and understanding of changes in rhizobia population as
well as the factors precipitating such changes would
enhance the application of appropriate indigenous rhizobial
strains in the desired low-input farming system and
subsequently enhance both M. pruriens biomass and N
uptake (Sanginga et al., 1994; Jemo et al., 2007). The
challenge of decreasing agricultural productivity in
tropical Africa would be eradicated by synchronization of
low-input systems such as Rhizobium/legume association
into farming systems under favorable climatic and edaphic
factors, whichare notonly sustainable butalso economically
viable (Anonymous, 1991). The potency and competitive
ability of introduced rhizobia inoculants in soil for over 10
years have been reported (Ojo and Fagade, 2002).
However, in many soils adequate nodulation and N,-
fixation by legumes require inoculation with the
appropriate and specific rhizobia inoculants particularly
where such legumes has not been previously cultivated
(Sanginga et al., 1988; Jemo et al., 2007).

The objectives of the current study were to assess the
ability of promiscuous native rhizobia population in a
humid tropical environment to adequately nodulate M.
pruriens as well as their potential to produce biomass in
spite of the prevailing climatic and edaphic factors in the
environment under investigation.

MATERIALS AND METHODS
Soils

Soil samples were randomly collected from agricultural field in Aba,
Calabar, Enugu, Onitsha, Lokoja, Owerri and Benin within the
tropical humid zone, Southeast of Nigeria at a depth of 0-30 cm
using a soil auger (5 cm diameter). Ten core soil samples were
randomly collected with the soil auger from each of the agricultural
fields. Soil samples with no previous history of being inoculated with
Mucuna microsymbiont as well as not having been cultivated with
legumes were collected at same depth from another location
(Badagry beach) to serve as the control. The composite soil
samples from each of the experimental fields sampled in each of
the ecological zones were then used for the pot experiment in the
green house using the randomized complete block design.

Seeds

Legume seeds were obtained from the Genetic Resources Unit
(GRU), International Institute of Tropical Agriculture (IITA) Ibadan,
Nigeria.

Media and plant nutrients

Yeast-extract mannitol agar (YEMA), Jensen’s Nutrient solution and
potassium nitrate (KNOs) solution at 0.05% N were used (Vincent,



1970).

Soil analysis procedures
Preparation of the soil samples

The composite soil sample from each location was passed through
a 6-mm mesh sieve and mix thoroughly (Ocio and Brookes, 1990b).
Then, three portions of the soil were weighed out, 15-50 g, one
portion into a weighing container for water content determination
and two portions into 100 ml glass bottles, one sample to be
fumigated for 24 h and then extracted as well as one control sample
to be extracted immediately.

Extraction of microbial biomass C and N

The fumigation was carried out using CHCls. The bottles containing
the unfumigated control and fumigated subsamples had 0.5 M
K>SO, dispensed into them using the equivalent oven-dry soil weigh
(9): extractant volume (ml) ratio 1:2 to 1:5. The jars with their caps
tightened were placed on a rotatory shaker for 1 h. After shaking,
the soil suspension was pass through the Whatman No.5 filter
paper; excessive evaporation was avoided during the filtration
process. Thereafter, measurements of organic C and total N were
done using 20 ml of extracts in each case. Then, the filtrate was
capped and stored at 4°C for not more than 2 -3 days (Voroney et
al., 1993).

Determination of organic C, organic N and exchangeable NH,"
in the extract

Organic C, organic N and exchangeable NH,* dissolved in the
K2SO, extracts were determined colorimetrically using automated
equipment as described by Voroney et al. (1993).

Nodulation experiment

The composite soil samples were tested with scarified M. pruriens
seeds to evaluate their potential at nodulating with promiscuous
native rhizobia population in the soils. Seven plastic pots, 20 mm
diameter were used to cultivate the legume and replicated twice.
Two plastic pots of the same diameter were used for the control
experiment and this was replicated twice. A total of sixteen plastic
pots were used for the experiment, randomly arranged on a
platform in the greenhouse. Four scarified M. pruriens seeds were
sown aseptically into each pot and later thinned to two plants per
pot with sterile forceps 2 weeks after planting (WAP). Each of the
pot for the test experiment was watered with sterile distilled water
while one pair of the control pot received Jensen’s nutrient solution
and the other pair 0.05% KNO3 solution (Vincent, 1970).

The experiment was monitored for 10 weeks. The above-ground
plant materials were harvested with sterile surgical blades and then
oven-dried at 65°C for 48 h. Roots were carefully removed and
examined for nodulation. Fresh nodules were counted, cleaned of
soil particles and then used for strain identification (Sanginga et al.,
1994).

Nodule-typing on YEMA

Aseptic procedures were practiced in typing the harvested nodules
on YEMA containing bromothymol blue (BTB). The nodules were
crushed with sterile glass rods in sterile Petri dishes and then
inoculated on YEMA containing BTB (0.0005%) incubated at 28°C
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for 48 h. Pure cultures were prepared from the isolates and used for
plant re-infection experiment as well as for biochemical
characterization (Somasegaran and Hoben, 1994; Ojo, 2001).

Morphological and biochemical tests

The morphological and biochemical characterization of rhizobia
from harvested nodules of M. pruriens were executed following the
methods described by Somasegaran and Hoben (1994) and
Gerhardt et al. (1981).

Gram reaction

A thin film of each of the isolate was prepared on a grease-free
slide and it was air-dried as well as heat-fixed by passing it
horizontally over the Bunsen flame. The smear was stained with
crystal violet for 60 s and rinsed off under slow running tap water.
The resulting smear was thereafter stained with Gram’s iodine and
left for 30 s. This was rinsed off with tap water. The decolorizing
agent (75% Ethanol) was used to flush the smear on the slide and
was immediately rinsed with water. Thereafter, few drops of the
counter stain Safranine was applied on the smear for 30 s and then
rinsed with tap water. The slide was left to dry and later examined
under oil immersion lens (100x) of the microscope. Gram positive
organisms appear purple in color while Gram negative organisms
appear pink or red under the microscope (Gerhardt et al., 1981).

Catalase test

This was perfected by adding 3% hydrogen peroxide to 18-24 h
culture on agar slant or glass slide. The culture was observed for
immediate appearance of bubbles (Alexander and Strete, 2001).
Presence of bubbles is considered a positive test.

Oxidase test

This was performed by adding oxidase reagent (tetramethyl-p—
phenylenediamine dihydrochloride) to a bacterial growth on agar
plate. Color change was observed for up to 60 s (Alexander and
Strete, 2001). A dark purple color represents a positive test.

Indole test

Suspected isolates were inoculated into test-tubes containing
peptone water with a sterile transfer needle. Test-tubes were
incubated at 28+2°C for 24 - 48 h. Thereatfter, five drops of Kovac’'s
reagent (p-dimethylaminobenzaldehyde) was added to the medium
(Alexander and Strete, 2001). A red color on medium represents a
positive test for indole production.

Growth on YEMA supplemented with BTB

The growth reactions in the standard yeast-extract medium (YM)
containing bromthymol blue (BTB) acted as pH indicator. Fast-
growing rhizobia produce an acid reaction in the YM medium
(yellow color) containing BTB (pH 6.8) while slow-growing rhizobia
produce an alkaline reaction (blue or purple color) (Somasegaran
and Hoben, 1994).

Motility test

This was used to detect the presence of flagella. Suspected



178 Afr. J. Plant Sci.

Table 1. Selected physico-chemical properties of the soils.

Location (I[-)IZHO) N?;O;N N'E'O“/O_) ) Org(e;/z)lc ¢ CEC PO (%)
Enugu 5.9 72 17 4.0 1.0 47.7
Owerri 6.28 253 12.4 1.00 1.0 49.8
Onitsha 6.20 39.00 12.36 2.15 1.0 52.52
Benin 6.30 10.32 8.60 0.50 1.0 9.40
Lokoja 7.70 36.38 24.00 0.27 1.0 21.78
Aba 8.60 23.65 17.00 1.71 1.0 16.48
Calabar 7.30 23.63 14.00 0.67 1.0 23.30
Control 7.80 23.60 12.00 0.34 1.0 4.89

isolates were inoculated into nutrient agar slant with a sterile
transfer needle inserted and withdrawn in a straight line in the
centre. The inoculated slants were incubated at 28+2°C for 24 - 48
h (Alexander and Strete, 2001). Growth away from line of
inoculation indicates the organism is motile.

Statistics

Statistical Package for Social Sciences (SPSS) software model
(Version 16) was used for the statistical analysis and analysis of
variance (ANOVA).

RESULTS

The mean physico-chemical properties of the soil
samples showed that all the locations had some level of
fertility that could support sustainable agricultural
practice. The soil samples from Benin, Enugu, Owerri
and Onitsha were slightly acidic while other locations
were slightly alkaline (Table 1). The general presentation
of soil pH from the southeast ecological zone was neutral
(7.01) (P> 0.05) as shown in Table 4. The mean nitrogen
(N) content showed that the soil had more NO3;—N than
NH4,—N (Tables 1 and 4). Generally, with the quantity of
soil N in the sall, it is expected that N,- fixation should
complement the soil N to facilitate the establishment of
the legume host.

The mean PO, nutrient was low (28.2%) (P>0.05) but
this is adequate for M. pruriens establishment in the soil
(Tables 1 and 4). Phosphorus (P) and nitrogen are
essential mineral nutrient for the survival of rhizobia
population in soil which had been provided by the soail
samples. The mean organic carbon (C) content (1.33%)
though extremely low, the CEC property of the soils were
expected to support the proliferation of M. pruriens
microsymbiont as well as cation exchange in the soail
(Tables 1 and 4). The control soil samples had mineral
nutrient in them but they were sterile soils hence no M.
pruriens microsymbiont in them. The rhizobia count using
yeast-extract mannitol salt agar (YEMA) was above 300
cells/g of soil at the commencement of this study from
each location. The mean agronomic features of M.

pruriens var cochinensis 10 weeks after planting (WAP)
showed that the legume was established in all soil
samples. The moisture accumulation was relatively high
in all pots, this was as a result of quantity of watering
process applied in the greenhouse and the experiment
was conducted during rainy season. It was obvious that
nodulation failed with soil samples from Onitsha despite
the firm establishment of the legume host and its biomass
production. The nodule number (#) was highest with
Enugu, Calabar, Benin, Owerri, Lokoja and Aba in a
descending order.

Root and shoot dry weights which are pointers to the
quality of biomass production were highest in Calabar
and Lokoja, respectively (Table 2). The mean root and
shoot dry weight were 1.27 and 3.61 g, respectively while
mean nodule number (6) suggested poor nodulation 10
WAP (P> 0.05) as shown in Table 5.

Generally, nodulation of M. pruriens was relatively poor
in all locations 10 WAP because only few of the
indigenous rhizobia strains were specific for this M.
pruriens species which is of Asian origin.

The mean agronomic features of M. pruriens var utilis
showed firm establishment of the legume host but it failed
to nodulate with native rhizobia species specifically in
Onitsha soil samples (Table 3). Biomass production 10
WAP in terms of root and shoot dry weight was highest in
Calabar and Onitsha, respectively. The mean root and
shoot dry weight were 1.62 and 3.80 g, respectively with
mean nodule number 5.88 (P> 0.05) as shown in Table 6.
In both varieties of legume used, the uninoculated
controls were not comparable to the inoculated pots in
terms of biomass production. There was no nodulation in
the control pots since they were uninoculated. The
presence of Rhizobium species in the legume roots could
only have been the factor that enhanced the biomass
production in most of the inoculated pots. Furthermore,
the contents of the nodules aseptically inoculated on
YEMA containing BTB showed yellow (acidic) and blue
(alkaline) coloration which suggested the presence of
Rhizobium and Bradyrhizobium species, respectively.
The results of this experiment validates the null
hypothesis (Hg); M. pruriens microsymbiont are quite
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Root Root dry R.°°t Shoot Shoot dry Shoot Nodule Nodule
Sources fresh wt (g) moisture fresh wt (q) moisture freshwt | mber
wt (9) content (%) wt (g) content(%) (9)
Enugu 4.99 0.80 84.0 19.20 3.01 84.3 1.50 16
Calabar 12.41 2.33 81.2 11.54 3.42 70.4 1.15 12
Aba 7.91 1.36 82.8 11.13 2.92 73.8 1.03 5
Onitisha 4.70 1.46 90.2 17.29 4.42 74.4 0 0
Lokoja 7.56 1.39 81.6 16.15 4.55 71.8 0.96 5
Benin 9.30 1.84 80.2 12.76 3.98 61.5 1.18 8
Owerri 4.69 0.41 91.3 19.31 2.87 84.2 0.91
Control KNO3 4.78 1.36 71.5 71.5 3.04 75.5 0 0
Control Jensen’s 12.04 0.50 95.8 95.8 4.29 72.6 0 0
Wt = Weight.
Table 3. Mean agronomic features of M. pruriens var. utilis 10 WAP.
Root . Shoot Shoot Shoot Nodule
Sources fresh R\cl)vct)t(g)ry i%?]ttg:]'txz%e fresh dry wt moisture fresh r':{ﬂgg';
wt (g) wt (g) (9) content (%) wt (g)

Enugu 6.80 0.96 85.9 20.40 4.00 80.39 2.07 18

Calabar 7.06 2.98 57.8 16.54 3.46 79.08 1.08 12

Aba 8.01 2.00 75.03 11.13 2.92 73.77 0.76 5

Onitisha 6.06 1.16 82.51 17.29 4.72 76.17 - -

Lokoja 8.06 2.05 74.57 18.15 4.65 74.93 0.99 5

Benin 9.80 1.46 80.0 12.77 3.19 75.02 0.90 8

Owerri 7.69 141 81.66 10.98 3.96 63.93 0.86 5

Control KNO3 5.01 1.01 79.8 12.41 3.04 75.50 - -

Control Jensen’s 10.98 1.56 85.79 15.65 4.29 72.59 - -

Wt = Weight.

scanty in population southeast, Nigeria while the
native rhizobia population are incompatible and
non-specific for M. pruriens varieties cultivated.
The alternative hypothesis (H;); the native

rhizobia population in soils southeast, Nigeria is
compatible and specific for the introduced M.

pruriens varieties.
Therefore, statistical analysis results

showed that native rhizobia species specific for
nodulation of M. pruriens in southeast Nigeria
are scanty, however, the legume host was well
established.
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Table 4. ANOVA: Two-factor with replication.

Summary pH (H20) NO3—N (%) NHs—N (%) Organic C (%) CEC PO.% (%) Total
Enugu
Count 8 8 8 8 8 8 48
Sum 56.08 253.88 117.36 10.64 8 225.87 835.86
Average 7.01 31.735 14.67 1.33 1 28.23375 13.9965
Variance 0.948228571  341.8392 21.8312 1.611828571 0 362.5205982 204.276
Total
Count 8 8 8 8 8 8
Sum 56.08 253.88 117.36 10.64 8 225.87
Average 7.01 31.735 14.67 1.33 1 28.23375
Variance 0.948228571  341.8392 21.8312 1.611828571 0 362.5205982
ANOVA
Source of Variation SS Df MS F P-value F crit
Sample 0 0 65535 65535
Columns 2015.525038 5 403.1050076  3.331292325  1.35508E-03 2.178155558
Interaction 0 0 65535 65535
Within 5082.234963 42 121.0055943
Total 7097.76 47
DISCUSSION 1994; Correa and Barneix, 1997). This observation

The root-nodule bacteria have been studied for long but
little of its potential contribution to organic farming as well
as sustainable agriculture has been explored. The detection
of nodules showed presence of indigenous promiscuous
M. pruriens microsymbiont with the competitive edge over
other rhizobia strains in the soil hence its ability to
nodulate M. pruriens. The absence of nodulation of M.
pruriens in control pots showed the effectiveness of
sterilization procedures applied to control soils as well as
the fact that rhizobia species specific for M. pruriens were
absent in the control pots.

M. pruriens varieties planted were well established in
all the ecological zones. The two varieties (M. pruriens
var. utilis and M. pruriens var. cochinensis) failed to
nodulate with native rhizobia population in soil samples
from Onitsha, Southeast Nigeria. Soils from Onitsha,
Owerri, Benin and Enugu were acidic (Table 1). Compara-
tively, Onitsha soil was the best in terms of root moisture
retention while in terms of shoot biomass production,
Lokoja soil was the best. The percentage (%) moisture in
the root/shoot showed that more water absorption
occurred in the soils from the core east (Enugu, Aba,
Onitsha and Owerri) due to the soil texture (Table 2). The
presence of rhizobia species as biological N fertilizer
contributed to the improvement of soil fertility thus
enhancing the establishment of M. pruriens in the soil
environment southeast, Nigeria; although, soil acidity has
been reported to adversely affect agricultural production
and limits legume productivity (Bordeleau and Prevost,

suggested that certain environmental stress may be
responsible for the absence of nodulation in Onitsha soil.
In this case, indigenous strains were unable to adapt to
acid stress and probably some other environmental
stress not investigated. While this same soil samples had
relatively adequate N and P nutrient supply as well as
organic C, these findings corroborated earlier report by
Walsh (1995) and Zahran (1999).

Although, at the commencement of this study, the
mean indigenous rhizobia population was found to be
above 300 cells/g of soil for these locations, the presence
of these rhizobia species was confirmed using standard
and conventional methods as reported by Vincent (1970).

Typical environmental stress earlier discovered by
previous researcher include photosynthetic deprivation,
water stress, poor water-holding capacity (Bottomley,
1991), salinity, soil nitrate, temperature, presence of
heavy metals, acidic soil and biocides to militate against
the legume-microsymbiont systems in soil which further
corroborated the deductions of Walsh (1995). More so,
the population of Rhizobium and Bradyrhizobium species
vary in their level of tolerance to adverse environmental
changes. However, Enugu soil which is the most acidic
(Table 1) had the highest nodulation. One physico-
chemical factor that was outstanding with this location
was the relatively high NOs—N and PO, nutrient in this
location. The tolerance of the M. pruriens microsymbiont
(Rhizobium sp.) to the prevailing climatic and edaphic
factors might have enhanced the success of the
symbiotic association in Enugu soil as well as its water-



Table 5. ANOVA: Two-factor with replication.

Ojo-Omoniyi et al. 181

Root fresh wt Root dry wt R.°°t Shoot fresh ~ Shoot dry wt ShOOt Nodule fresh  Nodule
Summary moisture moisture Total
© ©) content (%) wt (g) @ content (%) wt (g) number
Enugu
Count 9 9 9 9 9 9 9 9 72
Sum 68.38 11.45 758.6 274.68 325 668.5 6.73 54 1874.84
Average 7.597777778 1.272222222  84.28888889 30.52 3.611111111  74.27777778 0.747777778 6 26.03944
Variance 9.684994444 0.383569444  51.99361111 953.47565 0.485461111  48.48694444 0.342869444 31.75 1167.789
Total
Count 9 9 9 9 9 9 9 9
Sum 68.38 11.45 758.6 274.68 325 668.5 6.73 54
Average 7.59777 1.272222 84.28888 30.52 3.61111 74.27777 0.74777 6
Variance 9.68499 0.38356 51.99361 953.47565 0.48546 48.48694 0.34286 31.75
ANOVA
Source of ss df MS F P-value F crit
Sample 0 0 65535 65535
Columns 74140.18378 7 10591.4548  77.26737103 9.24509 2.156423973
Interaction 1.81899 0 65535 65535
Within 8772.8248 64 137.075387
Total 82913.008 71
Wt = Weight.
Table 6. ANOVA: Two-factor with replication.
Root fresh oot Root mixture Shoot fresh  Shoot dry Shoot Nodule Nodule
Summary wt (g) dry wt content (%) wi(g) wt (g) moisture fresh wt number Total
(9) content% (9)

Enugu

Count 9 9 9 9 9 9 72

Sum 69.47 14.59 703.06 135.32 34.23 671.38 6.66 1687.71

Average 7.7188888  1.62111  78.1177777 15.0355555 3.8033333  74.5977777 0.74 5.88888 23.44042

Variance 3.3170361  0.40893  74.0713444 11.2409527  0.464275 21.966569 0.453775 36.8611 981.3565
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Table 6. Contd.

Total

Count 9 9
Sum 69.47 14.59
Average 7.7188888 1.62111
Variance 3.3170361 0.40893
ANOVA

Source of

VARIATION SS df
Sample 0 0
Columns 68486.0 7
Interaction -3.18323 0
Within 1190.272 64
Total 69676.309 71

9 9 9 9
703.06 135.32 34.23
78.1177777 15.0355555 3.8033333
74.071344 11.240952 0.464275
MS F P-value
65535 65535
9783.71964 526.06299 5.28103
65535 65535
18.598

671.38
74597777
21.966569

F crit

2.156423

9 9
6.66 53
0.74 5.88888

0.453775 36.8611

Table 7. Micromorphology and biochemical characterization of M. pruriens.

Isolate code Gram reaction Cellular morphology Catalase Oxidase Indoletest YM-BTB Probable isolate
X1 - R + - Acid (yellow) Rhizobium sp.

X2 - R + - Acid (yellow) Rhizobium sp.

X3 - R + - Alkaline (blue) Bradyrhizobium sp.
X4 - R + - Alkaline (blue) Bradyrhizbium sp.

YM = Yeast extract mannitol medium; BTB = bromothymol blue; R = rod; - = negative; + = positive.

holding capacity (Table 2). Screening for the
tolerant strains of M. pruriens microsymbiont
indigenous to Onitsha and well adapted to its
climatic and edaphic conditions failed because
nodulation did not take place at this location. Poor
nodulation is also possible in soils where a viable
rhizobia population can be demonstrated (Graham
et al., 1994). However, M. pruriens microsymbiont
(Bradyrhizobium sp.) isolated from Lokoja, Aba
and Calabar soils were influenced by the alkaline
soil pH. The pH of the rhizosphere thus deter-
mines the type microsymbiont that occupies the
nodules of the host legume.

High soil temperature in tropical and sub-tropical
areas has been identified to be inhibitory or delay
nodulation (Graham, 1992), particularly in creeping
legumes nodulation which is affected by high
tropical temperatures which may be as high as
between 28 and 35°C in the January — April
period. The optimum temperature for effective
nodulation is between 25 and 30°C (Michiels et
al.,, 1994; Arayankoon et al., 1990). Furthermore,
the presence of heavy metals contaminants on
cultivated plots as a result of the use of sewage
sludge as organic fertilizer which often contains
materials potentially toxic to soil microorganisms

have been reported to have adverse effects on
nodulation and Nj-fixation in legumes (McGrath et
al., 1988). Other chemical contaminants such as
polycyclic aromatic hydrocarbons (PAHsS) which
occur as ubiquitous environmental contaminants
due to the combustion of fossil fuels can affect
nodulation and N,—fixation in legumes (Wetzel
and Werner, 1995). The presence of rhizobia as N
fertilizer contributed to the improvement of sail
fertility thus enhancing the establishment of M.
pruriens in the soil environment southeast,
Nigeria.

The nodule number profile (Table 2) suggested



the relative presence of more M. pruriens microsymbiont
in the soil from Enugu than in all other locations. Consi-
dering both the root and shoot dry weight (Table 2) which
suggested the degree of soil fertility available to the
legume particularly in collaboration with the microsymbiont,
the agronomic parameters of M. pruriens var cochinensis
showed that soils from Benin, Onitsha and Lokoja
relatively supported biomass production more than in
other locations. Although, nodulation failure was observed
on Onitsha soil, this calls for further investigation of
probable causes of this apart from climatic and edaphic
reasons. Whereas M. pruriens var utilis (Table 3) showed
excellent agronomic features with soils from Calabar,
Lokoja and Aba in terms of root dry weight. However,
considering shoot dry weight, soil from Onitsha, Lokoja,
Enugu and Owerri performed excellently (Table 3). This
performance can be attributed to the level of fertility of
these soils. These findings are in agreement with the
conclusion of Alhou et al. (1999) and Jemo et al. (2007).

The statistical analysis was critical with ANOVA using
two-factor replication. Some ecological zones in this
study have compatible and specific M. pruriens
microsymbiont which have adapted to the introduced
Mucuna varieties.

Conclusion

Biological nitrogen fixation (BNF) is an efficient source of
N for increasing agricultural productivity. However, its
success is inhibited by various adverse environmental
conditions which subsequently affect crop yields. The M.
pruriens seeds used in this study were of Asian origin but
were perfectly adapted to the tropical humid climate in
this study. The use of rhizobia as inoculants could be a
successful biological process capable of improving crop
yield while simultaneously providing biomass for other
industry use.

The Rhizobium-legume symbiosis is hereby suggested
as an ideal solution to the improvement of sail fertility as
well as the rehabilitation of adversely degraded soil and
this is worthy of priority for future research.

Natural selection of stress-tolerant rhizobia strains
would be a non-polluting and cost-effective way to
improve soil fertility as compared to other common ways
such as inorganic NPK fertilizer and sewage sludge
application. This will improve international trade volume
because the crop yield from this type of agricultural
practice would have conformed to the specifications of
the federation of international organic agriculture
standards.
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