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Abstract  

Phosphorus (P) is one of the important plant macronutrients in the soil.  Low soil P affects rhizobia-legume symbiosis. P content and 
uptake of three soybean varieties (TGx1448-2E, TGx1908-1F and TGx1910-2F) inoculated with four indigenous rhizobial isolates 
(TRC2, IDC8, OISa-6e, R25B+ IRj1280A) and control was studied in three locations (the University of Ibadan Teaching and Re-
search Farm (UITRF), Idi-Ayunre (IA) and Orile-Ilugun (OI)) in a randomized complete block design. The available P of the three 
locations ranged between 0.06 – 0.42 (mg/kg) and no P fertilizer was applied in the experiment. Rhizobial inoculation had no signifi-
cant (P<0.05) effect on the shoot and  P content (% dry matter), shoot P uptake (kg/ha) and arbuscular mycorrhizal colonization (%) 
of the soybean. However, grain P uptake (kg/ha) was significantly (P<0.05) higher in OISa-6e and R25B+ IRj1280A inoculated 
plants compared to other inoculation treatments (TRC2 and IDC8). There was about a 25% increase in the grain P uptake of the two 
isolates (OISa-6e and R25B+ IRj1280A) when compared to the control. The study revealed the minimal effect of rhizobial inocula-
tion on P accumulation in soybean under low P soils of the studied area. 
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1.0 Introduction 

 Phosphorus is one of the major plant nutrients in the soil. 
Some of the key functions of P in the plant include energy 
transfer, photosynthesis, transformation of sugars and 
starches, nutrient movement within the plant and transfer 
of genetic characteristics from one generation to the other. 
It is an essential ingredient for rhizobium to convert atmos-
pheric atmosphere to N, N2 to NH3. It constitutes about 0.2 
% of plant dry weight (Schactman et al., 1998).  However, 
P is a major limiting nutrient for plant growth, the least 
mobile and least available to plants in the soil (Ahmed et 
al., 1996) due to reactivations of phosphate ions with nu-
merous soil constituents such as clay lattices which result 
in strong retention of P in most soils and thus limit plant P 
uptake. Vesicular arbuscular mycorrhizal is known to be 
helpful in the absorption of P in the soil.   

 Soybean (Glycine max (L.) Merill) is an important grain 
legume and a major source of dietary protein and oil in 
Nigeria (Nwosu et al 2019). The crop was introduced into 
the country in the early 70s and it has become one of the 
important staple foods in the country. It is well established 
that soybean fix N thereby reducing the cost of fertilizer in 
the smallholder agricultural setting in Nigeria.   

P has been identified as one of the most important nutrients 
for legume production. Research has proved that yield of 
soybean is greatly reduced if the soil available P is below 
the threshold level of 10-15 mg/kg (Vanlauwe 2019) indi-
cating that P is an essential nutrient required for the produc-
tion of soybean. Inoculation of soybean is important for N 
fixation and grain yield. However, for N fixation a lot of P 
is required. Biological nitrogen fixation is dependent on the 
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P source and rate of P applied. The research process in leg-
umes has shown that P enhances the symbiotic N fixation 
process in legumes, hence P is an important nutrient required 
for most legumes.   Chien et al. (1993) reported the effect of 
phosphate rock source on soybean BNF and showed that all 
the P treatments applied significantly increased BNF in soy-
bean.  Watkin et al. (1997) reported that the amount of P 
needed by some rhizobial strains is less than 0.5µ mole P and 
where the concentration is high in the external environment 
the growth can be affected.  Contrary to this, Ibibijen et al. 
(1996) and Vazquenz et al. (2002) reported that rhizobium 
symbiosis depends greatly on high P concentration, hence an 
increase in plant phosphorus uptake as a result of AM  colo-
nization can lead to an increase in nodulation and the rate at 
which N is fixed. 

Role of P in Symbiotic N fixation include increase top and 
root growth, decrease the time needed for the development of 
nodules to become active and benefit to the host legume, 
increase the number and size of nodules and the amount of N 
assimilated, per weight of nodule, increasing the percentage 
of total N accumulated in the harvested portion of the host 
plant. Improving of the density of rhizobia bacteria in the soil 
surrounding the root. Inoculant has always been advised even 
for the promiscuous soybean varieties (Abaidoo et al., 2007; 
Giller et al., 2011). Brockwell et al. (1995) expatiated fur-
ther, by reporting that the introduced rhizobial strain must be 
able to compete, establish and persist with other microflora 
to form effective nodules in the introduced environment. This 
study, therefore, investigated the effect of inoculation on the 
P concentration, P uptake (shoot and grain), grain yield, re-
sidual soil P and vam  colonization.  

2.0 Materials and Methods 
Location, climates and soils of the experimental sites   
Multilocational trial was conducted in three different loca-
tions 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.  The 
coordinates and soil characteristics of the location are as de-
scribed in Table 1. The rhizobial population count of the 
three locations was determined using the Most Probable 
Number (MPN) (Somasegaran and Hoben, 1994). Two soy-
bean varieties, TGx1448–2E and TGx 1456-2E, and one 
cowpea variety IT89KD-288 seeds were sterilized, pre-
germinated and transplanted into sterilized growth pouches 
containing modified Jensen’s N-free nutrient solution 
(Roughley, 1984). A 5-fold dilution series (5-1 – 5-6) with 
four replicates was used to inoculate each plant in the growth 
pouch one week after planting. 

Rhizobial Isolates 

Rhizobial strains IDC8, OISa-6e and TRC2 were highly in-
fective indigenous rhizobia isolated from the soils of loca-
tions (Ojo et al., 2014). Rhizobial strain R25B and 
IRj2180A, used as reference strains, were collected from 
IITA and termed exotic in this study. Rhizobial strain R25B 
and IRj2180A were isolated in Zaria (Sanginga 1996)  

Soybean varieties 

The three soybean varieties were promiscuous types. Varie-
ties TGx 1448 – 2E and TGx 1910 – 2F are late maturing 
varieties that mature at about 105 – 120 Days while TGx 
1908 – 1F are early maturing ones that mature in less than 95 
DAP.  Records have shown that TGx 1448 – 2E and TGx 
1456 – 2E are very efficient in nitrogen fixation (Sanginga et 
al. 2000). 

Characteristics Idi Ayunre Orile Ilugun UITRF 

Latitude and Longitude 7o26´N and 3o54´E 7o13´N and 3o31´E 7o30´N and 3o45´E 

Soil Classification1 Nitosol Luvisol Alfisol 

Soil Series2 Olorunda Apomu Egbeda 

pH (KCl)  6.55 6.09 5.76 

Total N (g/kg)3 0.23 0.17 0.08 

Available P (mg/kg)4 0.42 0.06 0.13 

CEC (cmol/kg)5 11.73 10.42 7.77 

Sand (g/kg)5 645 675    812.5 

Clay (g/kg) 5 185 185 100 

Silt (g/kg) 5 170 140 87.5 

Rhizobial count (cell g-1 soil)6 3.8 7.81 13.54 

Table 1. Geographical and soil characteristics of the study sites 

1 USDA 2006 2 Smyth and Montgomery 1962 3 Bremmer 1982 4  Bray and Kurtz 1945  5 Okalebo 1993 6 Somasegaran and Hoben, 
1994 

Table 2. Effect of rhizobial inoculation on the shoot and grain P accumulation across the three locations in the study (Main effect of 
Rhizobial Strains inoculation) 

Strain 

% Dry matter of P  in 

Shoot/ P concentra-

Shoot P uptake(Kg/

Ha) 

% Dry matter of P in 

Grain /P conc in Grain Grain P uptake(Kg/Ha) 

 OISa-6e, 0.27 9.24 0.61 11.19 b  

IDC8 0.25 7.18 0.60 10.53 b  

Control (0) 0.26 7.06 0.60 8.29 c  
R25B+IRJ21

80A 0.25 8.11 0.56 13.67 a  

TRC2 0.26 6.58 0.60 9.51 bc  

      
LSD ns ns Ns ***  
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train AM Total P uptake 

OISa-6e, 71.44 20.43ab 

IDC8 65.33 17.72bc 

Control (0) 64.41 15.34c 

R25B+IRj2180A 67.52 21.78a 

TRC2 65.06 16.09c 

LSD ns *** 

Table 3: Effect of rhizobial inoculation on the arbuscular mycorrhizal  (AM) colonization and total P uptake in two soybean varieties 
across the three locations in the study  

Fig 1. Total P uptake of soybean varieties in response to rhizobial inoculation across three locations  

Rhizobial 

Inoculation 

Grain yield (kg/ha)    

Shoot dry weight (kg/

ha)   

Location     Location    

IA OI UITRF Meanb  IA OI UITRF Meanb   

OISa-6e, 2.21 1.25 1.94 1.80  4.38 2.23 3.21 3.27 

IDC8 2.04 1.31 1.86 1.74  2.97 1.97 3.29 2.75 

Control (O) 1.30 1.36 1.53 1.40  3.30 2.03 2.84 2.72 

R25B+IRj218

0A 3.58 1.36 2.21 2.38  4.92 1.88 2.64 3.15 

TRC2 1.60 1.27 1.90 1.59  2.51 1.93 2.74 2.39 

          

Mean 2.15 1.31 1.89   3.62 2.01 2.95  

                    

SEa 0.19     0.45    

Tables4: Shoot and grain P uptake of the soybean varieties in response to rhizobial inoculation in three locations (IA, OI and 
UITRF). 

aMultiply SE by 3 to compare the interactions. bThe mean values are the values for main effects and can be separated by LSD or 
alphabets.  

Fig 2: Shoot and grain P uptake of the soybean varieties in response to rhizobial inoculation in three locations (IA, OI and UITRF). 
Bars represent standard error bar 
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3.0 Results and Discussion  

3.1 Analysis of variance 

 The analysis of variance revealed that rhizobial inoculation 
had a significant effect on the yield and P accumulation of the 
three soybean varieties across the three locations (Table 2).  
There was no significant difference in shoot % P Dry matter 
(P concentration in the shoot), Shoot P uptake (Kg/Ha) and %  
P  concentration in Grain, however,  P uptake in grain (Kg/
Ha) was significant (P < 0.05) across the locations, despite 
the available low  P  across the locations R25B + IRj,  inocu-
lated soybean varieties was significantly higher in  P uptake 
in grain than other soybean varieties inoculated with other 
rhizobial strains. Soybean inoculated with Isolates TRC2, 
IDC8 and OISa-6e were not significantly different in P up-
take in grain. (Table 2).  Rhizobial inoculation has no signifi-
cant effect on arbuscular mycorrhizal colonization, even 
though the highest % colonization was obtained in soybean 
varieties inoculated with OISa-6e. (Table 3). There was a 
significant difference (P < 0.05) in the total P uptake. The 
total P uptake of soybean varieties inoculated with R25B+IRJ 
was not significantly different from that of OISa-6e but they 
were both significantly (P < 0.05) higher than that of  IDC8 
and the control  (Table 3).In other words, OISa-6e and 
R25B+IRJ were about 25% higher in total P uptake than that 
of the IDC8 and the control. In Fig 1, the total P uptake of 
R25B+IRJ was significantly (P < 0.05) higher than that of the 
IDC8 and that of the control across the locations. The interac-
tive effect shows that the total P uptake in shoot and grain of 
inoculated soybean varieties in AI and  UIT&RF were both 
significantly (P < 0.05) higher than that of OI.     

Soybean response to rhizobial inoculation is influenced by 
soil chemical and biological properties which include 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 Mchaugh-
ing, 1985, Sanginga, 2000a) and response of crops to inocula-
tion is likely to occur when the 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, soybean 
response to inoculation varied across locations. Even with 
low available P in all the study sites, IA had the highest con-
tent 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 ac-
tivities (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.  

Compatibility of strains with legume varieties and genotypes 
is an important factor that can affect the effectiveness of leg-
ume symbioses (Bulland et al., 2005). It is important to note 
the effectiveness of inoculation of R25B+IRj2180A. This 
exotic strain had outstanding adaptation across the locations 
with their influence on P uptake. Vanlauwe et al. (2019) re-
ported that most exotic strains used in inoculants have broad 
adaptability with outstanding performance in a broad range of 
soil. The outstanding performance of R25B+IRj2180A may 
also be due to the superiority of the combination of strains 
R25B and IRj2180A, an inoculant factor that has been report-

ed to increase yield in legumes (Chibeba et al., 2018; Campo 
et al., 2009). The inoculation of the two isolates showed re-
sponses that were comparable to that of the exotic strains 
R25B+IRj2180A, especially at UITRF. It is imperative to 
screen the rhizobial population for compatibility and effec-
tiveness 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 soybean often depend on soil N at the 
expense of N fixation when the soil N is at a high or moder-
ate level (Herridge and Rose, 2000; Beyan et al., 2018). The 
average % NDFA was generally low at IA (<35%), a location 
with a moderate level of soil N, compared to the other two 
locations (OI, 45% and UITRF, 57%) with the low level of 
soil N. Bender et al. (2015) also mentioned that the soil con-
tributes 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 soy-
bean 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 al,2015; Barth et al 2018). This high accumulation in the 
grain represents a large removal of N from the soil and there-
fore inoculation of seed with effective inoculants is important 
for the sustainability of soybean production even with ferti-
lizer input. 

4.0 Conclusion   

The indigenous rhizobial isolates OIa6(c3a), IDC8 and TRC2 
had the potentials for use as inoculants to increase soybean 
production in the rainforest of Nigeria. Their ability to com-
pete with the resident rhizobial population for nodule occu-
pancy and improve grain yield and N fixation of some of the 
soybean varieties even at low available P. Co-inoculation of 
R25B and IRj2180A in field trial was efficient at increasing 
the total  P uptake in grain and shoot 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 soybean. Further studies on the perfor-
mance of co-inoculation of the indigenous isolates in soil 
with the low and high rhizobial count are suggested especial-
ly where the available P in the soil is low. 
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