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Abstract 
Mud crabs, belonging to the genus Scylla, are prized edible crustaceans found in the tropical Indo-West 
Pacific region. They include species like Scylla serrata, Scylla tranquebarica, Scylla olivacea, and Scylla 
paramamosain, each distinct in its own right. These crabs are not only known for their delicious flavor 
but also for their nutritional value, boasting essential amino acids, proteins, polyunsaturated fatty 
acids, and vital minerals like calcium, iron, zinc, potassium, and phosphorus. Mud crab aquaculture is 
crucial for small-scale fisheries in the Indo-Pacific region, contributing to commercial demand. One 
method employed is crab fattening, which involves rapidly increasing the crab's weight and size. This 
process can take anywhere from 15 to 60 days and is carried out in various enclosures, including earthen 
ponds, bamboo enclosures, net cages, floating cages, and plastic boxes. Successful crab fattening relies 
on factors such as providing essential crab nutrition, maintaining water flow and quality, monitoring 
soil quality, and managing crab density within the ponds. Proper attention to these variables ensures 
that "water crabs" or "empty crabs" can attain the desired size and meet market demand. 

 Keywords: Mud crabs, Scylla species, crab fattening, aquaculture, nutritional value 
  
Introduction  
Soyabean (Glycine max (L.) Merill) is an important legume crop grown in many parts of Nigeria where 
it is a major source of protein. The importance of soyabean is not limited to dietary benefits but also 
soil productivity enhancement. Soyabean plays a key role in agricultural systems that help to improve 
soil fertility in the sub Saharan Africa (Sanginga et al., 2000b). This is achieved through rotation of 
soyabean with other crops because of its ability to fix atmospheric N into soil through its symbiotic 
association with rhizobia. Rhizobia are soil free living bacteria infecting the root of leguminous plants 
and forming nodules which help to fix N in the soil. Despite the free existence of rhizobia in soil, most 
soyabean production systems prefer inoculation of seeds before planting with rhizobial inoculants that 
have been proved to be efficient in N-fixation and yield improvement of soyabean. In the case of Nigeria 
and other parts of Africa where soyabean was not an indigenous crop, inoculation with rhizobial 
inoculant has always been advised even for the promiscuous varieties (Abaidoo et al., 2007; Giller et 
al., 2011).    
The indigenous rhizobia are capable of infecting plant roots and therefore can play a significant role in 
symbiotic biological nitrogen fixation and growth and yield of most leguminous crops. Sanginga et al. 
(2000a) reported that symbiotic performance of indigenous rhizobial strains depends on their 
population size, survival and effectiveness. The search for indigenous rhizobial strains capable of 
inducing efficient nodulation in Nigerian soils has been on-going for a while. Ranga-Rao et al. (1984) 
reported that some indigenous rhizobial strains from Southwestern Nigeria nodulated and fixed 
atmospheric nitrogen better with Indonesian soyabean cultivar (Orba) than American cultivars TGm 



Research Journal of Agriculture and Rural Development 
Volume 11 Issue 1, January-March 2023 
ISSN: 2995-4126 

Impact Factor: 7.00 

https://kloverjournals.org/journals/index.php/ard 

 

 

Research Journal of Agriculture and Rural Development 
28 | P a g e  

80 (Bossier) and TGm 294 – 4. Okereke and Onochie (1996) reported poor nitrogen fixing ability of the 
native Bradyrhizobium species in Nigerian soils when screening the native and foreign Bradyrhizobium 
japonicum strains for high nitrogen fixation in soyabean.   Okogun and Sanginga (2003) reported that 
tropical soil rhizobial strains were not effective in fixing enough biological nitrogen to sustain soybean 
growth and thus, the need for a starter dose of nitrogen fertilizer or a search for more effective rhizobial 
strains.  
Selection for effective rhizobia for N fixation in soyabean should include processes that screen 
indigenous rhizobia and it may take considerable time to achieve. Soybean inoculation and N fixation 
was successful in Brazil due to selection program that took place in over half a century (Hungria et al., 
2006; Hungria and Mendes, 2015).  Selection should also be tailored to a specific context based on the 
evidence that biological N fixation is affected by the source of inoculant, crop varieties, management 
practices across countries, soil and climatic conditions (Ronner et al., 2016; Hardadson, 1993). Studies 
on indigenous rhizobia for N fixing efficiency in soyabean in the forest transition zone of Nigeria are at 
best scanty. Ojo et al. (2015) selected three indigenous rhizobial strains that are highly infective on 
soybean in the forest transition zone of Nigeria but information on their N fixation efficacy was lacking.   
Forest transition zone of Nigeria is generally known for its heavy rainfall, high relative humidity, 
aggressive vegetation growth and high organic matter. This zone is characterized by smallholder and 
low input agriculture. The practice of seed inoculation before planting is a challenge to most local 
soyabean farmers because of the scarcity and cost of purchasing exotic inoculants.  To increase 
soyabean inoculation and N fixation in the zone, it is imperative to search for efficient indigenous 
rhizobial strains in the soil that could fix N better than or comparable to the available exotic strains. 
These effective indigenous rhizobia can be produced as cheap inoculants to farmers to improve and 
harness the benefits of biological nitrogen fixation for sustainable agricultural production in Nigeria. 
Therefore, the aim of the study was to evaluate the performance of three indigenous rhizobial isolates 
for N fixation in soybean in the forest transition zone of Nigeria.   

  Methods  
   Location, climates and soils of the experimental sites     

Field trials were conducted in three different locations namely: Idi-Ayunre (IA), Orile-Ilugun (OI) and 
the University of Ibadan Teaching and Research Farm (UITRF) within the rainforest-savanna 
transition zone of Nigeria.  Soils from the three locations were also collected and used for the 
greenhouse study. Idi-Ayunre in Oluyole Local Government area of Oyo State lies within latitude 
7o26´N and longitude 3o54´E.  Idi Ayunre’s soil is derived from metamorphic basement complex rocks 
and it is classified as Nitosol (USDA, 2006). The soil is predominantly Olorunda Soil series (Smyth and 
Montgomery, 1962). Orile-Ilugun in Odeda Local Government area of Ogun State lies within latitude 
7o13´N and longitude 3o31´E. The soil belongs to Apomu Soil series (Smyth and Montgomery, 1962), 
derived from metamorphic rock and classified as Luvisols (USDA, 2006).  The UITRF is within latitude 
7o30´N and longitude 3o45´. The soil of UITRF is classified as Alfisols (USDA, 2006) and it belongs to 
Egbeda soil series which is derived from basement complex of rocks granite (Smyth and Montegomery 
1962). None of the fields had been cultivated to cowpea or soyabean in the last ten years nor had history 
of rhizobial inoculation.  
Soil samples were analysed for pH in water (1:1) as outlined in IITA (1982), soil organic matter using 
wet dichromate acid oxidation method (Nelson and Sommers, 1982), total nitrogen using Kjeldahl 
analytical method (Bremmer and Mulvaney, 1982), available phosphorus using Bray-1 method (Bray 
and Kurtz, 1945), particle size using Bouyoucus hydrometer method (Okalebo et al., 1993), 
exchangeable Mg, Ca, K and Na extracted using neutral 1M ammonium acetate and determined with 
spectrophotometer (Okalebo et al., 1993). The rhizobial population count of the three locations was 
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determined as described Ojo et al. (2015). The soil biological, chemical and physical characteristics of 
the three locations are presented in Table 1.   

   Pot experiments  
Three separate experiments were conducted to determine nodulation in three soyabean varieties using 
topsoils (0-15 cm) that were collected from the three selected locations for field experiments, UITRF, 
OI and IA..  The soils were sterilized using direct flaming method with the aid of a Terraforce sterilizing 
machine (IITA fabricated sterilizing machine), air-dried and sieved with 2 mm sieve. Two kilograms 
soil was weighed into each pot for planting. Each experiment was a factorial combination of soil 
sterilization, sterile and non-sterile; three varieties of soyabean, TGx 1448–2E, TGx 1908–1F, TGx 
1910–2F and six rhizobial inoculation treatments, control, OISa-6e, IDC8, TRC2, R25B and IRj2180A, 
laid in completely randomized design. Rhizobial strains IDC8, OISa-6e and TRC2 were highly infective 
indigenous rhizobia isolated from the soils of locations used in the field trials (Ojo et al., 2015). 
Rhizobial strain R25B and IRj2180A, used as reference strains, were collected from IITA and termed 
exotic in this study. Each treatment was replicated three times. A total of 108 pots were planted per 
experiment or location  
Four seeds were planted per pot and thinned to two plants per pot at five days after planting (DAP). 
Inoculation was done one week after planting using direct broth culture inoculation method 
(Somasegaran and Hoben, 1994). With the aid of dispenser, the two plants in each pot were inoculated 
with 2 ml Yeast Mannitol Broth (YMB) culture of each rhizobial strain. Pots were water with distilled 
water on daily basis.   
At 8 weeks after planting (WAP), the shoots of the plants were cut at the soil level and weighed for fresh 
shoot weight/pot. The leaves and petioles were detached from the stems. The samples were air-dried 
for 72 hours and oven-dried at 78oC to constant dry weights. Soils were washed off the roots and nodules 
on the roots and those detached were picked and counted together and expressed in number/pot. Fresh 
weights of nodules and roots were determined. Dry weights of nodules were determined by oven-drying 
at 78oC to constant weights.    
 Table 1. Soil properties of the study sites 

 
Soil properties   Idi Ayunre   Orile Ilugun   UITRF   

pH (KCl)   6.55   6.09   5.76   

Total N (g/kg)   0.23   0.17   0.08   

Available P (mg/kg)   0.42   0.06   0.13   

Ca (cmol/kg)   7.87   7.48   4.84   

Mg (cmol/kg)   2.59   1.88   1.65   

K (cmol/kg)   0.83   0.67   0.85   

Na (cmol/kg)   0.44   0.39   0.43   
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Fe (mg/kg)   25.34   31.45   26.29   

Mn (mg/kg)   14.74   17.41   12.38   

Sand (g/kg)   645.0   675.0   812.5   

Clay (g/kg)   185.0   185.0   100.0   

Silt (g/kg)   170.0   140.0   87.5   

Rhizobial count (cell g-1 soil)   3.80   7.81   13.54   

   Field trials 
Field experiments were set up in a two-factorial arrangement with rhizobial strain and soyabean variety 
implemented in a split block design with three replicates of 4 m × 4 m each. The rhizobial strains were 
IDC8, TRC2, OISa-6e, R25B+IRj2180A and the control and soybean varieties were TGx 1448-2E, TGx 
1908–IF and TGx 1910-2F. Strains R25B and IRj2180A were exotic strains used separately in the 
greenhouse experiments but combined together for the field experiment. One kilogramme of seeds of 
each soyabean variety was inoculated with 10 grammes peat culture of each rhizobial strain. The 
procedure followed was as outlined by Somasegaran and Hoben (1994). The YMB cultures of each 
strains were aseptically injected into different peat package carriers using manually operated syringes 
at ratio 1 : 1 (ml/wt in g) broth culture to peat.  Inoculated peats were incubated for 2 weeks at 28 oC to 
gain excess of 108 - 109 cells g-1.  Fifty peat-inoculated seeds were randomly sampled from each legume 
planted and kept in a cool container for enumeration of viable rhizobia on the seeds in the laboratory 
using spread plate method of estimation as outlined by Somasegaran and Hoben (1994). Planting was 
done at the three locations between July and early August, being the beginning of the second growing 
season, and the recommended planting period for soybean in the rainforest zone of Nigeria.    
Soyabean was planted 4 - 5 cm deep by drilling and thinned five DAP to 75 cm × 5 cm 1 plant / stand, 
to give a total population of 266,666 plants/hectare. Weed control was done manually using hoe.   
1)   Data collection   

  Nodules  
Plants were uprooted systematically at three points per plot using a 30 cm × 30 cm quadrant. Root of 
five plants and soil under the quadrant area were removed to a depth of 15 cm to determine number of 
nodules. The nodules on the root and those detached in the soil were counted and weighed to get the 
fresh nodule weight and oven-dried at 78oC to a constant dry weight.  
2.4.2.  Sampling for stem + petioles tissue extraction for ureide - N analysis  
The leaves of the five sampled plants per plot were detached fresh from stem + petioles. The stem + 
petioles were weighed fresh, air-dried for 72 hours, oven dried at 78oC to constant dry weights and 
ground. Subsamples were taken for tissue extraction (Hot water extract) for Ureide – N and NO3 – N 
analyses in the laboratory.  The procedure followed was as outlined by Herridge (1982).  Sub-samples 
were also taken from leaves, stem + petioles for shoot N analyses in the laboratory using the method of 
Herridge (1982). The relative ureide-N (RU) abundance of the samples was calculated based on the 
molar concentrations of ureides and nitrate and RU was used to determine the plant N derived from 
fixation (described as % Nitrogen Derived from Atmosphere in this study) according to Herridge et al. 
(1990). Harvesting was done at physiological maturity of each variety. Dry pods were threshed, 
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winnowed and sun-dried to obtain field grain yield. Fifty grains of each soyabean variety planted were 
taken for % N in the laboratory. 
1)  Statistical analysis  
Data were checked for normality of errors and homogeneity of variances before analysis. Number of 
nodules and NDFA (%) were transformed using logarithm to base 10 and square root transformation, 
respectively.  Data were subjected to Analysis of variance (ANOVA) using PROC GLM of Statistical 
Analysis System (SAS, 2003). Means of main effects were separated using Least Significance Difference 
(LSD) at P<0.05. Standard Errors of Mean was reported for interaction effect.  
1.  Results  
1)  Pot experiments  
The nodule formation in UITRF soil was significantly (P<0.05) reduced in sterile soil compared to 
nonsterile soil (Fig.1). Nodulation in the uninoculated plants was also significantly (P<0.05) reduced 
when compared to the inoculated plants. The exotic strain R25B had the highest number of nodules in 
all the three varieties under non-sterile soil and sterile soil and these numbers were more than twice 
higher than uninoculated plants. Nodulation in IA soil was very low, less than 10 nodules per pot, and 
more nodules were significantly (P<0.05) formed in sterile soil than in non-sterile soil unlike UITRF 
and OI soils (Fig. 1). Soyabean variety TGx1908-1F inoculated with TRC2 in sterile soil produced the 
highest number of nodules. In non-sterile soil, isolate OIa6(c3a) did not form nodules in any of the 
varieties.  No nodulation was observed in TGx1908-10F inoculated with indigenous strains IDC8 and 
TGx1910-2F inoculated with R25B. In OI experiment, nodule formation was significantly (P<0.05) 
higher in non-sterile soil compared to sterile soil (Fig. 1). The nodulation of plants in sterile soil was 
very low except in the strain IRj2180A inoculated plants. In fact, OIa6(c3a) inoculated plants did not 
form nodules in sterile soil. No nodule was also formed in the sterile control pots. 
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Figure 1. Number of nodules as affected by rhizobial inoculation and soil sterilization on three soyabean 
varieties in a pot experiment. Bars represent SE of mean   
1) Field trials   
The analysis of variance for field trials revealed that rhizobial inoculation significantly influenced the 
number of nodules/plot in each of the study sites (Table 2). While rhizobial inoculation had no effect 
on all variables in OI except the number of nodules, all the variables were significantly affected by 
rhizobial inoculation at IA. Variety had no significant effect on all variables tested at IA and UITRF 
(except number of nodules). Interaction of variety and rhizobial inoculation had significant effect on 
the grain yield and N uptake of soyabean at UITRF % NDFA and total N fixed at IA and grain N uptake 
at OI (Table 2)  
A) Number of nodules  
Soyabean varieties TGx1910-2F and TGx1908-1F formed significantly (P<0.05) higher number of 
nodules than TGx1448-2E at UITRF (Fig. 2). The exotic strains, R25B+IRj2180A, significantly 
(P<0.05) formed more nodules than other strains. Variety TGx1908-1F and TGx1910-2F inoculated 
with strain R25B+IRj2180A had over 100 nodules more than the other inoculated plants at UITRF. At 
IA, plant inoculated with R25B+IRj2180A significantly (P<0.05) had higher number of nodules than 
other plants while the uninoculated plants significantly (P<0.05) had lower number of nodules 
compared to other plants, less than 20 nodules for each variety (Fig. 2). Apart from R25B+IRj2180A 
inoculated plants, other plants with more than 100 nodules were inoculated by strain IDC8. The only 
effect of rhizobial inoculation at OI was on the number of nodules where R25B+IRj2180A and TRC 
inoculated plants had significantly (P<0.05) higher number of nodules compared to other inoculated 
and uninoculated plants.   
Table 2.  Analysis of variance from generalised linear model procedures for variables measured in the 
field trials, as influenced by variety and rhizobial inoculation in each of the study sites 
 ns = not significant  
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Figure 2. Number of nodules as affected by rhizobial inoculation of three soyabean varieties in the three 
study sites. Bars represent SE of mean  
A. Grain yields and shoot dry weights  
The interaction of TGx1908-1F and rhizobial strain R25B+IRj2180A at UITRF led to significantly 
higher grain yield when compared to other varieties with no inoculation (Table 3). The variety 
TGx1908-1F inoculated with R25B+IRj2180A is the only treatment with grain yield more than 3 t/ha 
in UITRF. (Table 3). While the average grain yield for the uninoculated plants was approximately 1.5 
t/ha, the average grain yield for plants inoculated with the indigenous isolates was 1.9 t/ha at UITRF. 
The R25B+IRj2180A inoculated plants had significantly higher grain yield and shoot dry weight than 
other plants at IA. The average grain yield for R25B+IRj2180A inoculated plants at IA was 3.6 t/ha 
compared to other inoculated plants, 2.0 t/ha, and uninoculated plants 1.3 t/ha. The highest grain yield 
(> 4.0 t/ha) in this study was observed in soyabean variety TGx1908-1F inoculated with 
R25B+IRj2180A at IA (Table 3). The shoot dry weight of OIa6(c3a) inoculated plants was also 
significantly higher than the uninoculated plants at IA. The grain yield of soyabean ranged between 0.7 
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– 1.8 t/ha at OI, values that were generally lower to those of UITRF and IA. Grain yield of TGx1908-1F 
was significantly lower compared to the other varieties. Orile Ilugun was the only study site with grain 
yield not above 2 t/ha (Table 3).  
B. Nitrogen Uptake   
The grain N uptake of TGx 1908-1F inoculated with R25B+IRj2180A was significantly higher than those 
of other treatments and the ratio of accumulation was about 5:1 when compared with the shoot N 
uptake at UITRF (Fig. 3). Nitrogen uptake was at least more than two-fold higher in the grain compared 
to the shoot in all plants at UITRF. The shoot N uptake of TGx1910-2F inoculated with TRC2 at UITRF 
was over 120 kg/ha N and all plants that accumulated above 100 kg/ha N in the shoot at UITRF were 
inoculated with the indigenous isolates. The grain N uptake in R25B+IRj2180A inoculated plants was 
significantly higher than other inoculated plants at IA, and their combined grain and shoot N uptake 
exceeded 500 N kg/ha for each variety (Fig. 3). Also, the shoot N uptake of TGx 1448-2E inoculated 
with OISa-6e and IDC8 at IA was significantly higher than other plants except R25B+IRj2180A 
inoculated plants. The grain N uptake was significantly lower in variety TGx 1908-1F compared to the 
other varieties at OI. Shoot N uptake was not significantly affected by the treatments applied at OI (Fig. 
3)   
Table 3. Grain yield and shoot dry weight of three soyabean varieties as affected by rhizobial inoculation 
in three locations  

 
Variety  Strain  Shoot dry  Grain  Shoot dry  Grain  Shoot dry  Grain  
weight  yield  weight  yield  weight  yield  
(t/ha)  (t/ha)    (t/ha)  (t/ha)    (t/ha)   

 
TGx1448-2E  OIa6(c3a)  3.9  2.0    5.7  1.9    2.7 

UITRF     IA     OI   
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Figure 3. Rhizobial inoculation effect on the grain and shoot N uptake of three soyabean varieties in 
each of the study sites. Bars represent SE of mean  
A)  Nitrogen Fixation   
The amount of N fixed by the indigenous isolates inoculated plants was comparable to that of 
R25B+IRj2180A inoculated plants at UITRF. TGx 1448-2E plants inoculated with OISa-6e and IDC8 
had above 200 kg/ha N fixed (Fig. 4). However, indigenous isolate TRC2 inoculated plants had the 
lowest total N fixed and were not significantly different when compared with uninoculated soyabean at 
IA (Fig. 4). Variety TGx1908-1F had significantly (P<0.05) lower amount of total N fixed compared to 
the other variety at OI (Fig. 4). The relationship between the total N fixed and grain yield was relatively 
strong and positive in each of the study sites (Fig. 5). Inoculation and variety had no significant effect 
(P<0.05) on % NDFA at UITRF and OI (Fig. 6). However, the % NDFA was significantly higher in IDC8 
and R25B+IRj2180A inoculated plants than other plants at IA (Fig. 6).  
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Figure 4. Total N fixed by three soyabean varieties as a result of rhizobial inoculation in the three study 
sites. Bars represents SE of mean 

  
Figure 5.  Relationship between grain yield and total N fixed in each of the study sites 
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Figure 6. The plant N derived from atmosphere (%NDFA) as affected by rhizobial inoculation of three 
soyabean varieties in three study sites. Bars represents SE of mean.   
Discussion  
Soyabean response to rhizobial inoculation is influenced by soil chemical and biological properties 
which includes pH, N and P availability and indigenous rhizobial population (Thies et al., 1992; Giller 
2001; Osunde et al., 2003; Ronner et al., 2016). The rhizobial count of the three locations in our study 
was generally low with the highest of 13 cells per gram soil found at UITRF. Population of indigenous 
rhizobia in most tropical soils are low ( Ahmad, 1981; Ahmad and Mchaughing, 1985, Sanginga, 2000a) 
and response of crops to inoculation is likely to occur when rhizobial count is less than 10 cells per gram 
of soil (Thies et al., 1991, 1992; Sanginga et al., 1996; Okogun and Sanginga, 2003). In our study, 
soyabean response to inoculation varied across locations.  It was very clear in the pot experiment that 
rhizobial inoculation increased the number of nodules observed, both in sterile and non-sterile soil. The 
higher number of nodules observed in plants inoculated with exotic strains over other inoculated plants 
under non-sterile condition at UITRF and IA confirms the competitiveness of exotic strains against 
native rhizobia for nodule occupancy. Giller and Wilson (1991) reported that the most significant 
environmental factor limiting nodule occupancy of an introduced strain is the size of the indigenous 
rhizobial population in the soil, which was low in all the locations in this study.   
The increased grain yield observed at IA in response to inoculation was probably due to its soil 
condition. High soil pH, total N and Ca and low rhizobial count are factors that likely complemented 
the effectiveness of inoculation in increasing soyabean yield in IA. Even with low available P in all the 
study sites, IA had highest content compared to the other study sites. The importance of adequate P for 
increased legume yield is well documented (Giller and Cadisch, 1995; Didagbé et al., 2014; Ronner et 
al., 2016). According to Vanlauwe et al. (2019), the overall mean effects of inoculation and P on grain 
yields of soybean when applied alone were often in the region of an extra 0.5t ha−1 of yield.   
Higher soil pH also improves soil bacterial activities (Sanginga and Woomer, 2010) which can lead to 
higher soil organic matter, mineralization and nutrient cycling that are ingredients for improved plant 
growth and yield. Grain yield at UITRF was also improved by inoculation of TGx1448-2E and TGx1910-
2F where rhizobial isolates TRC2, IDC8 and OISa-6e increased yield by more than 25% when compared 
to uninoculated plants. This increase was more than an average yield increase of 115kg ha–1 or 9.5% 
increase relative to the uninoculated treatments that was reported by van Heerwaarden et al. (2018).   
Compatibility of strains with legume varieties and genotypes is an important factor that can affect 
effectiveness of legume symbioses (Bulland et al., 2005). It is important to note the effectiveness of 
inoculation of R25B+IRj2180A on TGx1908-1F which produced the highest grain yields in IA and 
UITRF. This exotic strain had outstanding adaptation across the locations with their influence on 
nodulation, total N fixed and uptake and grain yield. Vanlauwe et al. (2019) reported that most exotic 
strains used in inoculants have broad adaptability with outstanding performance in broad range of soil. 
The outstanding performance of R25B+IRj2180A may also be due to the superiority of combination of 
strains R25B and IRj2180A, an inoculant factor that has been reported to increase yield in legumes 
(Chibeba et al., 2018; Campo et al., 2009). In terms of compatibility, the indigenous isolate OIa6(c3a) 
and IDC8 with variety TGx1448-2E produced promising responses on grain yield and amount of N fixed 
and it would be a good idea to test the performance of the two strains combined on several varieties of 
soybean.  The inoculation of the two isolates showed responses that were comparable to that of the 
exotic strains R25B+IRj2180A especially at UITRF.  In fact, OIa6(c3a) and IDC8 inoculated TGx1448-
2E fixed over 40 kg/ha N more than the exotic strains at UITRF. The efficacy of the inoculation of these 
two indigenous strains with TGx1448-2E in terms of N fixation and grain yield gives an insight into the 
potential use of indigenous isolates as elite strains to inoculate soybean for enhanced N fixation and 
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yield improvement. It is imperative to screen the rhizobial population for compatibility and 
effectiveness in the selection process of locally adapted strains for inoculant production for legumes.  
There are reports on the compatibility and effectiveness of some indigenous strains for the 
improvement of biological N fixation in promiscuous soybean cultivars in sub Saharan Africa (Abaidoo 
et al., 2000, 2007; Klogo et al., 2015; Gyogluu et al., 2016). Legumes including soyabean often depend 
on soil N at the expense of N fixation when the soil N is at high or moderate level (Herridge and Rose, 
2000; Beyan et al., 2018). The average % NDFA was generally low at IA (<35%), a location with 
moderate level of soil N, compared to the other two locations (OI, 45% and UITRF, 57%) with low level 
of soil N. Bender et al. (2015) also mentioned that the soil contributes a large portion of N accumulated 
in soybean despite their to fix N and this probably explains higher biomass N uptake (grain and shoot) 
at IA. The inoculation of all the soyabean varieties with R25B+IRj2180A and TGx1448-2E with 
OIa6(c3a) and IDC8 improved N uptake at IA. The total N accumulations in the grain and shoot of the 
three soybean varieties in the three locations were within the range reported by Flannery (1986). The 
high harvest index of N in the three locations corroborated previous studies on soybean (Bender et 
2015; Barth et al 2018). This high accumulation in the grain represent a large removal of N from the 
soil and therefore inoculation of seed with effective inoculants is important for the sustainability of 
soybean production even with fertilizer input.  
Conclusion  
The indigenous rhizobial isolates OIa6(c3a), IDC8 and TRC2 had potentials for use as inoculant to 
increase soyabean production in the rainforest of Nigeria. Their ability to compete with the resident 
rhizobial population for nodule occupancy and improve grain yield and N fixation of some of the 
soyabean varieties even at low available P. Co-inoculation of R25B and IRj2180A in field trial was 
efficient at increasing nodulation and grain yield of the three soybean varieties. Critical to the efficiency 
of rhizobial inoculation in this study was soil biological and chemical properties and varietal differences 
of soyabean. Further studies on the performance of coinoculation of the indigenous isolates in soil with 
low and high rhizobial count is suggested.  
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