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Abstract-A study was conducted to determine the effect of inoculation on the growth of soybeans (Glycine max). Soil 
samples were collected from seven locations namely; Albasu, Bichi, Garko, Gaya (Sudan savanna), Giwa, Soba and Z/kataf 
(northern guinea savanna). The result showed that across treatments there was no significant difference in the height of 
soybeans at two, four and eight weeks of planting. The results also showed that; the mean number of nodules was found to 
be higher in soybeans inoculated with rhizobin inoculants (9.39) followed by the soybeans inoculated with nitrogen (2.96) 
and control (2.67). However, there was no significant difference between the nitrogen and the control treatments at P < 0.05. 
The soybeans inoculated with nitrogen have the higher mean root dry weight (2.98g) followed by those inoculated with the 
rhizobin inoculants (1.39g), and the control has the least mean root dry weight (0.58g). From the result the mean spad value 
of soybeans across treatments showed that; at fourth week of planting the soybeans inoculated with nitrogen has the highest 
mean spad value (31.31) followed by the soybeans inoculated with rhizobin inoculants and the control (29.59 and 28.63 
respectively). At eighth week the mean spad value of the soybeans inoculated with nitrogen has the highest mean spad value 
(31.03) followed by those inoculated with rhizobin inoculants (29.73) and the control has the least mean spad value (27.83), 
and the higher the spad value the higher the nitrogen content of the soybeans. There is need to inoculate the soils since there 
was significant difference between the treatments. 
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I. INTRODUCTION 
 
Legumes are very significant not only ecologically 
but also agriculturally because they are responsible 
for major change of nitrogen from atmospheric N2 to 
ammonia (Angelini et al., 2003). The rhizobia widely 
used in agricultural systems, are represented by 
approximately 40 species in seven genera including: 
Allorhizobium, Azorhizobium, Bradyrhizobium, 
Mesorhizobium, Rhizobium, Sinorhizobium (Wei et 
al., 2002) and a species in the genus of 
Methylobacterium (Giraud et al., 2001). 
 
Legumes have been used in agriculture since ancient 
time and legume seeds or pulses were among the first 
source of human food and their domestication. 
Legume plant posses a unique ability to establish 
symbiosis with nitrogen fixing bacteria of the family 
Rhizobiaceae. The bacteria belonging to the genera 
Rhizobium, Bradyrhizobium, Allorhizobium, 
Sinorhizobium and Mesorhizobium (Martinez 
Romero, 2003; Willems, 2006) which are collectively 
referred to as rhizobia, are able to form nodules on 
their host plants inside of which they fix-
nitrogen.This symbiotic relationship reduces the 
requirements for nitrogenous fertilizers during the 
growth of leguminous crops and also enrich soil with 
nitrogen. Leguminous plants are also of crucial 
importance as animal feed. Alfaalfa and clovers are 
grown over extensive areas as forage crops for 
grazing or as dry hay, and they furnish not only high 
quality protein but also a variety of biologically 

active molecules such as vitamins, minerals and other 
nutrients (Burris and Roberts, 1993).  
The formation of effective (functional) nodules in 
soybean [Glycine max (L.) Merr.] when inoculated 
with compatible rhizobia leads to fixation of 
atmospheric nitrogen (N2) making nitrogenous 
fertilization of the soybean unnecessary. Symbiotic 
N2-fixation is a complex physiological process 
influenced by the interaction of genetic elements in 
the higher plant species and rhizobia (Gwata et’ al., 
2003).  
 
MATERIALS AND METHODS 
Collection of Soil Samples:  
Soil samples were collected from farm land that 
legumes were previously planted. Twenty soils were 
used for the research; the soils were collected from 
seven local government areas, four from Kano state 
and three from Kaduna state. The soils are Garko I, II 
and III, Bichi I, II and III, Gaya I, II and III, Albasu I, 
II and III, Giwa I, II and III, Soba I, II and III, and 
Z/kataf I and II. The GPS of the sites were also taken 
and recorded (Somasegaran, and Hoben, 1985).  
 
Determination of the effects of inoculation on the 
performance of soybeans.   
 
Sterilization of pots  
 Four hundred and fifty pots were washed with water 
and detergent. The pots were air dried and then 
sterilized by vertical pressure steam sterilizer (LS- 
B120L) at 1210C for 15 minutes. 
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Preparation of the inoculants  
One hundred grams (100g) of the legume fix 
(rhizobin) inoculants was dissolved in 400ml of 
sterile physiological solution and then mixed by using 
magnetic stirrer for twenty (20) minutes, until the 
legume fix (Rhizobin) was dissolved.  
Preparation of KNO3 solution 
A 1M solution of KNO3 was prepared in the 
laboratory by adding 101g of potassium nitrate in 
800ml of sterile distilled water; the content was then 
mixed until the powder was dissolved. Then 200ml of 
distilled water was added to make it 1Liter.  
The determination of the effects of inoculation was 
carried out in the screen house of  International 
Institute of Tropical Agriculture (IITA) Kano station. 
Four hundred (400) sterilized pots were filled with 
raw soils of twenty different sites mentioned above, 
the pots were grouped in to twenty, and each group 
was filled with one type of soil only. Seedlings of 
soybeans with good root development germinated in 
the lab were selected and one seedling was 
transplanted in to each of the pots prepared. The set 
up was watered daily and after seven days of 
transplanting fifteen pots out of each twenty pots 
were selected and grouped in to five pots each. The 
first five pots were labeled as plus Inoculants (+I), the 
second five as plus Nitrogen (+N), and the last as 
control (C). The first and the second were inoculated 
with 1ml of legume fix (Rhizobin inoculants) and 
nitrogen from KNO3 stock respectively.  
Determination of chlorophyll content 
The chlorophyll content of each plant was measured 
at 4th and 8th weeks by using SPAD 502 plus 
chlorophyll meter. The chlorophyll content of the two 
uppermost leaves of each plant were measured and in 
each leaf three readings were taken from leaflet one, 
two and three. This was done by clamping the meter 
over the leafy tissue of the plant (soybean), and 
chlorophyll content reading was received in less than 
2 seconds. The readings were then recorded in the log 
book.  
Measurement of plant height 
The plant height of each soybean plant at 2nd, 4th and 
8th weeks was measured and recorded by using a 
ruler. The set up was irrigated daily for a period of 
two months after which nodules were recovered. 
Nodule Recovery:  
The plants were transported to the washing ground of 
IITA Kano station. The soil from the root material 
was carefully removed without detaching secondary 
roots from the plant as nodules may be found on the 
lateral roots as well as the tap root. The roots were 
then washed using a gentle stream of water from the 
tap with a sieve of 1mm size underneath; in order to 
trap nodules that may detach from the roots (Bala, et 
al, 2010). The nodules number were taken and 
recorded and then preserved for further research. The 
shoots and roots of the plants were oven dried; the 
dry weights of the shoot and roots of all the plants 
were taken and recorded. 

RESULT AND DISCUSSION 
RESULT 
 

Table 1.0: Mean number of nodules per soils. 

 
P < 0.05, means of the same later are not significantly 
different by Waller separation. 
 
Table 2.0: Mean height of soybeans per treatments 

at two, four and eight weeks. 

 
P < 0.05, means of the same later are not significantly 
different by Waller separation  
Key: LSD; Least Significant Difference.  
 
Table 3.0: Mean shoot dry weights of soybeans per 

soils. 

 
P < 0.05, means of the same later are not significantly 
different by Waller separation 
 
Table 4.0: Mean root dry weights of soybeans per 

soils. 

 
P < 0.05, means of the same later are not significantly 
different by Waller separation  
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Table 5.0: The means nodules number, shoot and 
root dry weights, and spad values of the soybean 

per treatments at four and eight weeks. 

 
P < 0.05, means of the same later are not significantly 
different by Waller separation. 
Key: Spad4; Spad values at four weeks, Spad8; Spad 
value at eight weeks. 
 
Table 6.0: Mean organic carbon, Nitrogen content, 
pH, Olsen P, particle sizes and the textural classes 

of the sampled soils. 

 
Key: LOC; Location, OC; organic carbon, N; 
Nitrogen, P; phosphorus.  
 
DISCUSSION 
 
Number of nodules per soils. 
Even though there was variation in the performance 
of the plants (height, root and shoot dry weights). The 
result showed that; statistically there was no 
significant difference in the number of nodules of 
soybeans per soils. This might be because the 
performance of the plant is not affected by the nodule 
number and sizes as observed in this work. Moreover, 
soils with few number and smaller size of nodules 
may contain active and efficient rhizobia than soils 
with higher number and bigger nodules (table 1.0). 
However Abdul Jabbar and Saud (2012); reported 
that fertilization with phosphorus and bacterial 
inoculation increased the number of nodules and 
other plant parameters. Hoque and Haq (1994); also 
reported the same results when they treated several 
legumes with Rhizobium and phosphorus and they 
found an increase in the number of nodules and 
maximum growth features with inoculation and 
phosphorus. Gwata et’al. (2004); have shown that 
promiscuous genotype of soybean produced heavy 
nodule dry matter than non promiscuous. Other 
workers (Ndakidemi et al. 1998); reported significant 
improvement of common bean yields in un-

inoculated treatments following phosphorus 
supplementation, and attributed it to the presence of 
efficient indigenous rhizobia in the soil. 
Soybeans height per treatments  
Across treatments (Rhizobin, Nitrogen and control) 
statistically there was no significant difference in the 
height of soybeans at two, four and eight weeks (table 
2.0). This means that the height of the soybeans was 
not influenced by rhizobial inoculation.  This support 
the finding of (Bekere et al., 2012); who reported that 
inoculation did not significantly influence height of 
soybean when phosphorus was not applied. However, 
inoculation resulted in significantly (P < 0.05) taller 
soybeans than the uninoculated check when 60,120 
and 180 mg P kg-1 were applied. However Abdul 
jabbar and Saud (2012); reported that the height of 
plant in the inoculated treatment increases 
significantly, compared to non-inoculated treatments 
at (P≤0.01). The increase in phosphorus levels 
enhanced plant height, and the highest plants were at 
120 kg of P/ha, which gave 12.25 cm /plant compared 
with 0, 40, 80 kg of P /ha.  
 
Shoot and Root dry weights per soils. 
The soil sampled at Soba produced statistically the 
highest shoot dry weight followed by soil sampled at 
Giwa. This was followed by soil sampled at Gaya. 
There was no significant difference statistically 
between soils sampled at Bichi and Z/kataf. However 
soils sampled at Albasu and Garko produced the least 
shoot dry weights and there was no significant 
difference statistically between the two soils samples 
in the rhizobin inoculated soil. (Table3.0). The 
difference could be due to the result of the MPN of 
rhizobia and soil analysis which showed that soil 
sampled at Soba and Giwa has higher MPN/g of 
rhizobia and also high organic carbon content, higher 
nitrogen content and finer texture than the remaining 
soil samples (Table 6.0). The soil sampled at Gaya 
has higher olsen P content than all the soils, and the 
soils sampled at Soba and Giwa have higher Nitrogen 
content than the soils sampled from Sudan savanna. 
Soil sampled at Garko and Albasu has the least 
organic carbon content (Table 6.0). This finding 
opposed the work of (Bekere et ‘al., 2012); who 
reported that Inoculation and phosphorus level 
operated independently on shoot dry matter per plant 
of the soybean. Inoculated soybeans gave 
significantly higher shoot dry matter per plant than 
uninoculated ones. According to Abdul Jabbar and 
Saud (2012); the difference in increase of plant dry 
weight between inoculated and non-inoculated 
treatments was significant (P≤0.01).The interactions 
between bacterial inoculation and different levels of 
phosphorus had obvious effect in increasing the 
weight of the dry matter, whereas interaction between 
bacterial inoculation and 120 kg of P /ha showed the 
highest amount 45.75 g /plant followed by 36.54, 
38.29 and 38.83 g /plant respectively for P 
fertilization 0, 40 and 80 kg of P /ha.    
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The soil sampled at Giwa statistically produced 
soybeans with the highest root dry weight, followed 
by soil sampled at Z/kataf, Gaya and Garko (Table 
4.0). This support the finding of (Bekere et ‘al., 
2012); who reported that both factors significantly (p 
< 0.05) influenced root dry matter of soybean. In this 
regard, inoculated soybeans gave significantly higher 
root dry matter than uninoculated ones. The soils 
sampled at Albasu, Bichi, and Soba produced 
soybeans with the least root dry weight and there was 
no significant difference statistically between the 
three soils in the control treatment. In the rhizobin 
and nitrogen inoculated treatments there was no 
significant difference statistically between all the soil 
samples in the root dry weights. This could be due to 
the fact that inoculation did not significantly 
influence the root dry weight of the plant. This 
opposed the work of Abdul jabbar and Saud (2012); 
who reported that, the effect of bacterial inoculation 
and phosphorus on root dry weight was obvious as 
the root dry weight significantly increased under 
bacterial inoculation (P≤0.01), compared with non 
bacterial inoculation. The root dry weight under 
bacterial inoculation was 20.55 g /plant, whereas 
there was 10.18 g /plant in control. 
 
Nodule number per treatments  
In terms of nodule number across treatments, the 
nodules number of the soybeans inoculated with 
rhizobin inoculants statistically was the highest, 
followed by the soybeans inoculated with nitrogen 
and control. However, statistically there was no 
significant difference between the mean nodule 
numbers of the soybeans treated with nitrogen and the 
control (table 5.0).This means that the nitrogen 
treatment has no effect on the number of nodules. 
This finding opposed the work of (Bekere et al., 
2012) that reported; nodules were not generally 
observed in uninoculated treatment. Phosphorus level 
significantly (P < 0.05) affected nodule number per 
plant. However, (Chowdhury et al., 1983; Peoples et 
al., 1995; Ndakidemi et al., 1998 and 2006; Teymur 
et al., 2012; Gicharu et al., 2013); have reported the 
significant increase in grain yield, number of nodules, 
and nodule fresh weight in legumes following 
inoculation with rhizobium. However, in the current 
study nodules were observed in the control treatments 
which signify that there were native rhizobia in the 
soils which nodulated the soybeans. This so signifies 
that the soybeans were promiscuous variety which 
can be nodulated by any indigenous rhizobia in the 
soil.  
 
According to Abdul Jabbar and Saud (2012) 
fertilization with phosphorus and bacterial 
inoculation increased the number of nodules and 
other plant parameters. Hoque and Haq (1994); also 
reported the same results when they treated several 
legumes with Rhizobium and phosphorus and they 
found an increase in the number of nodules and 

maximum growth features with inoculation and 
phosphorus.  
 
Shoot and root dry weights per treatments. 
Across treatments statistically there was no 
significant difference between the mean shoot dry 
weights of the soybeans (table 5.0). This could be due 
to low phosphorus level in the soils used in this 
research. Low phosphorus level may affect the shoot 
dry weight of the plant. This finding opposed the 
work of (Bekere et ‘al., 2012); who reported that 
Inoculation and phosphorus level operated 
independently on shoot dry matter per plant of the 
soybean. Inoculated soybeans gave significantly 
higher shoot dry matter per plant than uninoculated 
ones. According to Abdul Jabbar and Saud (2012); 
the difference in increase of plant dry weight between 
inoculated and non-inoculated treatments was 
significant (P≤0.01).The interactions between 
bacterial inoculation and different levels of 
phosphorus had obvious effect in increasing the 
weight of the dry matter, whereas interaction between 
bacterial inoculation and 120 kg of P /ha showed the 
highest amount 45.75 g /plant followed by 36.54, 
38.29 and 38.83 g /plant respectively for P 
fertilization 0, 40 and 80 kg of P /ha. 
The soybean inoculated with nitrogen statistically has 
the highest mean root dry weight value, followed by 
those inoculated with rhizobin inoculants. The control 
has the least mean value (table 5.0). This means that 
inoculation significantly influence the root dry matter 
of the plant. This support the finding of (Bekere et 
‘al., 2012); who reported that Inoculation and 
phosphorus level significantly (p < 0.05) influenced 
root dry matter of soybean. In this regard, inoculated 
soybeans gave significantly higher root dry matter 
than uninoculated ones. The three phosphorus levels 
(60, 120 and 180 mg kg-1) significantly increased root 
dry matter over the control. According to Abdul 
jabbar and Saud (2012); the effect of bacterial 
inoculation and phosphorus on root dry weight was 
obvious as the root dry weight significantly increased 
under bacterial inoculation (P≤0.01), compared with 
non bacterial inoculation. The root dry weight under 
bacterial inoculation was 20.55 g /plant, whereas 
there was 10.18 g /plant in control 
Chlorophyll content (Spad values) of the soybeans 
per treatments  
The mean spad values of soybeans across treatments 
showed that at fourth week the soybeans inoculated 
with nitrogen statistically has the highest mean spad 
value followed by the soybeans inoculated with 
rhizobin inoculants and the control. However, 
statistically there was no significant difference 
between those inoculated with rhizobin inoculants 
and the control at fourth week (Table 5.0). This could 
be due to the fact that; inoculant at four weeks does 
not produce nodules that may contain active rhizobia 
to contribute in biological nitrogen fixation . 
Therefore soybeans performance at fourth week may 
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not be enhanced.  According to Bagyaraj et ‘al 
(1979); There was no nodulation at all in the 
uninoculated control plants and in the plants 
inoculated only with the mycorrhiza and the plants 
treated with Rhizobium nodulated well. The number, 
size, dry weight and nitrogen content of nodules in 
plants inoculated with mycorrhiza plus Rhizobium 
were significantly greater than those of plants 
inoculated with Rhizobium only, 60 days after 
inoculation but not at 45 days after inoculation. At 
eight weeks the spad value of the soybeans inoculated 
with nitrogen statistically has the highest mean spad 
value followed by those inoculated with rhizobin 
inoculants and the control has the least mean spad 
value (table 5.0). This could be due to the fact that at 
eight week nodules were formed and rhizobia start 
fixing atmospheric nitrogen to enhance biological 
nitrogen fixation. Therefore at eighth week there was 
high number of nodules and high chlorophyll content 
of the plant than at fourth week.    According to 
Bagyaraj et ‘al (1979); There was no nodulation at all 
in the uninoculated control plants and in the plants 
inoculated only with the mycorrhiza and the plants 
treated with Rhizobium nodulated well.   
 
CONCLUSION 
 
Based on the result obtained, inoculation significantly 
influences the performance of the soybeans since; 
there was significant difference between the 
treatments. From the result at two months, the 
chlorophyll content (spad values) of the soybeans 
inoculated with nitrogen statistically was the highest 
followed by those inoculated with rhizobin inoculants 
and the control has the least mean spad value. The 
soils inoculated with rhizobin inoculants produced 
soybeans with the higher number of nodules followed 
by those inoculated with nitrogen and the control has 
the least mean nodules number. Also the result 
indicated that the root dry weight and the chlorophyll 
contents of the soybeans inoculated with nitrogen and 
inoculants are higher than the non inoculated 
(control).  
 
RECOMMENDATIONS     
 
Increasing and extending the role of biofertilizer such 
as rhizobium would decrease the need for chemical 
fertilizers and reduce adverse environmental effects. 
Based on the result obtained in this research, the 
following recommendations are made: 
 There is need to be producing inoculants using our 

indigenous rhizobia, in order to avoid producing 
inoculants that is less effective in our farms. 

 The farmers should be encouraged to use 
inoculants to increase their agricultural production. 

 There is need for the Government to enlighten the 
public on the benefits of using inoculants and the 
effects of chemical fertilizers on our lands. 

 More researches should be conducted to compare 
the benefits of using inoculants over the use of 
chemical fertilizers.                                                                             
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