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ABSTRACT
Present study was aim to assess the effect of various concentrations of biological fertilizers on the
growth and nodules formation in soybean crop (Glicine max (L.) Merrill) in Ultisol under net house
condition. Study was conducted under net house condition in the month of July to October 2014. Study
was conducted in randomized block design (RBD) with six treatments and each treatment was replicated
with 3 replications. The variables studied were plant height, stem diameter, root length, nodule diameter,
nodule number, effective nodules number, fresh nodule weight, wet effective nodules weight, dry
nodule weight and dry effective nodule weight. Results of study revealed that treatments of M-bio
fertilizer at concentration of 12 ml per liter of water provide the highest growth such plant height as
44.65 cm, stem diameter as 0.86 cm and roots length as 24.49 cm. The treated soybean plant have 21.27
nodules and among these number of effective nodules are 16.63 pieces.
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1 Introduction

2 Materials and Methods

Soybean is leguminous crops which have ability to fix
atmospheric nitrogen. According to Sanginga et al. (2010) this
plant can fix annually 11-120 kg atmospheric nitrogen in the
form of Nitrate. Further, Handarson et al. (1989) reported that
nitrogen fixation ability of the soybean crop is influenced by
several factors such as plant varieties, soil types, climatic
conditions, crop management practices, availability of organic
matter (Kundu et al., 1996) and the availability of Phosphorus
and Sulfur (Kris Joko, 2001; Singh, 2004).

2.1 Study Area and Experimental Setup

According to Sarawa (2014) response of soybean crop toward
biological nitrogen fixation (soybean– rhizobium symbiosis)
are more prominent than the other nitrogen fertilizers. The
possible explanation of this may be quick absorption and rapid
utilization of biologically fix nitrogen as compare to other
nitrogen fertilizers. Further it was reported that the excess use
of inorganic nitrogen fertilizers not only inhibit the rate of
biological nitrogen fixation but also inhibit the formation of
nodules. Further it was reported that this excess use of
chemical fertilizers also lead to increase soil acidity by
releasing hydrogen ions in applied soil.
On the other hand use of rhizobium based bio-fertilizer would
be hampered because it is very sensitive to soil acidity (Anetor
& Akinrinde, 2006). Further, addition of small amounts of
inorganic N fertilizer is not only spurs the growth of soybean
plant but also increase the legumes nitrogen fixation (Keyser &
Li, 1992; Bakere & Hailemariam, 2012). Integrated
management of land, crop, organic and inorganic fertilizer
along with microbial community is very important for
sustainable agriculture under acidic soil conditions. These
practices not only increase soil health and biodiversity but also
has positive influence crop yield (Bejiga, 2004; Ellafi et al.,
2011).
Soil acidity caused shortage of nitrogen, which lead to cause
deficiency of calcium (Ca) and phosphorus (P), which in turn
inhibits the growth and rhizobium infection on plant roots
(Barbara & Ndakidemi, 2010). Some bio-activators such as
biological fertilizer can enhance the activity of rhizobium in
the soil. These biological fertilizers not only help in nitrogenfixation but also help in aggregate phosphate stabilizing. In
Sulawesi, Indonesian farmer used commercial bio-fertilizer Mbio fertilizers for increasing the biological nitrogen fixation by
rhizobium and increasing crop production. M-bio is a
microbial fertilizer that is mixed cultures of beneficial
microbes which consist of nitrogen-fixing microbes, produce
enzymes and hormones (Nurmayulis et al., 2014). Present
study was conducted to explore the effect of M-bio fertilizers
on rhizobium nitrogen fixation and nodule formation under
Ultisol soil condition.
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Present study was conducted (from July to October 2014)
under net house conditions. Experimental area is located in
Anduonohu Village, District Poasia, Kendari City and
Province of Southeast Sulawesi, Indonesia. Plant were grown
in polybag (30 cm x 40 cm) containing 10 kg Ultisol soil and
study was conducted in randomized block design (RBD) with
six treatments i.e. without M-bio (control), M-bio 3 ml per liter
of water, M-bio 6 ml per liter of water, M-bio 9 ml per liter of
water, M-bio 12 ml per liter and 15 ml M-bio per liter of water,
each treatment was replicated with 3 replications.
2.2 Preparation of Planting Media
The soil has been collected from the study area at layer of top
soil (0-30 cm); collected soil samples were taken into the
laboratory and debris such as twigs, roots, leaves and small
rocks particles were removed from these samples. Cleared soil
was shifted into a polybag with a weight of 10 kg soil. These
soil containing polybags were filled with water until it reached
the capacity of field and it was followed by the incubation, for
2 days under net house. The soybean seed soak for 10 minutes
in various concentrations of M-Bio solution were used as a
treatment. Seeds were planted @ 3 seeds per polybag and after
the age of 10 days, only two plants per poly bag were
maintained till the completion of study 50 days after plantation
(DAP), randomly three poly bags for each treatment were
selected and plants of these poly bags were harvested and used
to study various selected attributes.
Various attributes which were studied after harvesting (50
DAP) are plant height, stem diameter, root length, number of
nodules, nodule diameter, number of effective nodules, fresh
weight nodules, dry weight of nodules, fresh weight of
effective nodules and dry weight of effective nodules.
Effective nodules are those nodules which gave pink color
after cutting through razor. Among these stem and nodule
diameter was measured with the help of sigma (calipers) while
the dry weight of nodules was calculated after drying nodules
at 80οC for 48 hrs. Various nodule weights were calculated by
using following formula.
Nodules Weight = Weight of effective nodules + weight of non
effective nodules
2 Data Analysis
Data of each variable were analyzed by variance of analysis. If
the F count is greater than F table, than continued with
Honestly Significant Difference Test (HSDT) at 95%
confidence level. To determine the effect of a dose of M-bio to
the growth and formation of pimples, and then be made curve
and display the regression equation and the value of R.
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Table1. Effect of M-bio fertilizer to average of height plant, stem diameter and root length at the age of 50 DAP.
Treatments

Plant height (cm)

Stem diameter (cm)

Roots length (cm)

With out M-bio (control)
23.41±0.247e
0.33±0.006e
11.01±0.580e
d
d
M-bio 3 ml per liter of water
28.53±0.302
0.46±0.006
15.52±0.490d
c
c
M-bio 6 ml per liter of water
32.04±0.560
0.63±0.009
17.34±0.360c
M-bio 9 ml per liter of water
38.21±0.303b
0.82±0.015a
21.79±0.338b
M-bio 12 ml per liter of water
44.65±0.488a
0.86±0.012a
24.49±0.302a
b
b
M-bio 15 ml per liter of water
37.59±0.072
0.74±0.019
17.90±0.401c
Average SEM Value
0.42
0.54
0.43
HSDT 95%
3.23
0.08
1.39
Here, DAP = day after planting, SEM = standard error mean, the number followed by the same superscript letters in the same column are
not significantly differ on HSDT 95%.

3 Results
3.1 Effect of M-bio on various growth characteristics
Effect of M-bio fertilizer on average plant height, stem
diameter and roots length are represented in table 1. Results of
study revealed that application M-bio fertilizer had significant
effect on plant of height, stem diameter and roots length of
soybean plant.
Among the various tested treatments, the treatment containing
12 ml per liter of M-bio provides a higher impact on plant
height, stem diameter and root length. It is significantly
different from other treatments, except in stem diameter where
this treatment was not significantly differ than the 9 ml per liter
of M-bio. Further, the lowest effect was obtained in the control
treatment for all the tested attributes.
Figure 1 The concentration M-Bio relationship with plant
height

Figure 2 Theconcentration M-Bio relationship with stem
diameter
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Figure 3 The concentration M-Bio relationship with length of
roots
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Table 2 Effect of M-biofertilizer on average of nodule diameter, the number of nodules and the number of effective nodules.
Treatments

Nodule diameter
Number of nodules
Number of effective nodules
(mm)
(pieces)
(pieces)
Without M-bio (control)
1.03 ± 0.012f
6.63 ± 0.406d
2.57 ± 0.145e
M-bio 3 ml per liter of water
1.93 ± 0.026e
10.27 ± 0.338c
5.80 ± 0.153d
d
c
M-bio 6 ml per liter of water
2.86 ± 0.045
12.43 ± 0.536
10.17 ± 0.410c
c
b
M-bio 9 ml per liter of water
3.94 ± 0.036
17.00± 0.200
13.63 ± 0.338b
M-bio 12 ml per liter of water
5.14 ± 0.025a
21.27 ± 0.484a
16.63 ± 0.384a
b
b
M-bio 15 ml per liter of water
4.80 ± 0.044
17.40 ± 0.439
14.23 ± 0.524b
Average SEM Value
0.003
0.54
0.37
HSDT 95%
0.17
2.15
1.77
Here, SEM = standard error mean, the number followed by he same superscript letters in the same column are not significantly differ on
HSDT 95%.

Effect of the various concentrations of M-bio fertilizer on plant
height, stem diameter and root length are correlated with
highly significant R value in consecutive i.e. plant height R =
0.959 (Figure 1), stem diameter R = 0.997 (Figure 2), and
length root R = 0.945 (Figure 3).
3.2 Effect of M-bio biofertilizer on various nodules and
effective nodules characteristics

Figure 4 The concentration of M-Bio relationship with nodules
diameter

Figure 5 The concentration of M-Bio relationship with number
of nodules
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Effect of M-bio fertilizer on average nodule diameter, number
of nodule and number effective nodules are represented in
table 2. Like growth factors, the treatment containing 12 ml per
liter of water M-bio provides the highest influence on these
parameters while the lowest nodule number, nodule diameter
and number of effective nodule was reported from the control.
The treatment containing 15 ml per liter of M-bio did not show
any significant difference from 9 ml per liter of M-bio and
these two treatments are at par to each other. Highest nodule
diameter (5.14 mm), nodule number (21.47 pieces) and active
nodule (16.63 pieces) was reported from the 12 ml per liter of
M-bio.

Figure 6 The concentration of M-Bio relationship with number
of effective nodules
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Table 3 Effect of M-biofertilizer on the wet and dry weight of nodules,wet and dry weight of effective nodules (g).
Treatments

Wet weight of
nodules (g)

Wet weight of
Dry weight of effective
effective
nodules (g)
nodules (g)
Without M-bio (control)
0.97± 0.067d
0.31±0.012d
0.80±0.058e
0.28±0.015e
d
d
d
M-bio 3 ml per liter of water
1.57±0.186
0.48±0.056
1.37±0.067
0.41±0.022d
M-bio 6 ml per liter of water
2.63±0.145c
0.80±0.053c
2.27±0.088c
0.68±0.026c
b
b
b
M-bio 9 ml per liter of water
4.17±0.088
1.25±0.026
3.73±0.120
1.12±0.037b
a
a
a
M-bio 12 ml per liter of water
6.80±0.058
2.04±0.017
4.30±0.058
1.29±0.017a
b
b
b
M-bio 15 ml per liter of water
4.23±0.176
1.27±0.053
3.80±0.115
1.14±0.032b
SEM Value
0.05
0.004
0.02
0.002
HSDT 95%
0.69
0.21
0.46
0.13
Here, SEM = standard error mean, the number followed by the same superscript letters in the same column are not significantly differ on
HSDT 95%.
Treatment of various concentrations of M-bio fertilizer on
nodule diameter, number of nodules and number of effective
nodules correlated highly significant with the R value in
consecutive i.e.nodule diameter R = 0.990 (Figure 4), number
of nodules R = 0.965 (Figure 5), and number of effective
nodules R = 0.996 (Figure 6).
3.3 Effect of M-bio fertilizer on fresh and dry weight of
nodules and effective nodules
A significant effect M-bio fertilizer on average fresh and dry
weight of nodules and effective nodules was reported in
present study (Table 3).
Here also the treatment 12 ml of M-bio shows superiority over
the other treatments and found effective in improving fresh
weight of nodules (6.80 g) and effective nodules (4.30 g).

Figure 7 The concentration of M-Bio relationship with heavy
wet nodules
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Dry weight of
nodules (g)

Further, same treatments found effective in increasing dry
weight of nodules (2.04 pieces) and effective nodules (1.29
pieces). This growth pattern was immediately followed by the
treatment 15 ml M-Bio and 9 ml M-Bio and these two
treatments are at par to each other and are not significantly
different to each others. Among various treatments lowest dose
of M-bio (3 ml) is least effective and it is showing similar
weight to control.
Various concentrations of M-bio fertilizer are effective in
increasing fresh and dry weight of nodules and effective
nodules and it is correlated with highly significant R value in
consecutive i.e.wet weight of nodules R = 0.927 (Figure 7), dry
weight of nodules R = 0.926 (Figure 8), wet weight of
effective nodules R = 0.996 (Figure 9) and dry weight of
effective nodules R =0.996 (Figure 10).

Figure 8 The concentration of M-Bio relationship with dry
weight of nodules
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Figure 9 The concentration of M-Bio relationship with plant
heavy wet nodules effectively
4 Discussions
Application of biological fertilizer (M-bio) on soybean crops is
primarily aim to maximize and streamline the process of
nitrogen fixation in soybean plants grown in Ultisol conditions.
Generally Ultisol contain low organic matter and high bulk
density, these conditions are not favorable for the growth of
bradyrhizobium. Application of external rhizobium may cause
improvement in nitrogen fixation. Therefore, application of Mbio fertilizers containing rhizobium increased the formation of
nodules. Use of biological fertilizers as a source of rhizobium
in order to improve nitrogen fixation in soybean crop should be
more careful, especially on marginal soils (Sarawa, 2014).
According to Remans et al. (2008) plants provides various
responses in terms of nitrogen fixation when combination of
rhizobium an azospirillum applied to the soybean crops.
Results of present study revealed that application of M-bio
caused significant improvement in the plant growth characters
such as plant height, stem diameter and root length. This
improvement was continuous till the concentration reached to
12 ml, further improvement in the concentration of M-bio
exerts a negative effect on the plant growth characteristics.
This improvement in the growth characteristics is because of
the presence of nitrogen fixing bacteria in M-bio. Further, the
higher nitrogen content spurs the growth of plant height.
Results of this study are in agreement with the findings of
Misran (2013) those who reported higher plant growth on the
application of biological fertilizer. Further, Andrews et al.
(2006) reported 6-12% improvement in soybean plant growth
as compared to the control on the application of compost
(manure).
The treatment of M-bio 12 ml per liter of water provides a
higher impact on stem diameter. The growth of plants stem
_________________________________________________________
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Figure 10 The concentration of M-Bio relationship with plant
dry wet nodules effectively
diameter usually concurrent with plants growth. It can be
understood because of their dominance of the high growth of
plants usually cause a drag on growth aside, including a stem
diameter (Sarawa, 2009a; Sarawa, 2009b). Further, Sarawa
(2009b) reported a negative correlation between plant height
and stem diameter.
The root growth in plants is strongly influenced by genetic and
environmental factors. In present study, the root growth pattern
is showing similarities with the plant height and stem diameter
pattern. At the time of the vegetative phase before the main
stream fotosintat used leaves, roots, and nodules. According to
Egli (1985) it can be assimilate in the form of starch, mainly in
the leaves and other organs. Further, Mayaki (1976) reported
that 25% - 40% root dry weight reached at the time of
vegetative growth. Root growth is generally parallel with the
development of shoot and reached maximum shortly after seed
filling (Hicks, 1978).
The growth of nodules in response bacterium rhizobium and
phosphate stimulates the formation of nodules and it may be
because of the synergetic effect of these two. Similar type of
findings was reported by Sarawa (2014) when he tried
combination of biological fertilizers contain rhizobium
bacteria, along with phosphate dissolution bacteria and some
microbial decomposers. Generally, biological fertilizer is a
mixture of specific microorganisms which are active involved
in nitrogen-fixate phosphate dissolution and decomposition of
organic material. According to Sarawa (2009b) plants nitrogen,
metabolism depended on various factors such as plant species,
availability of nitrogen, temperature and some other
environmental factors.
Formation of effective nodules those participated in the
atmospheric nitrogen fixation is strongly influenced by the
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availability of Molybdenum (Mo). The Mo element is a
cofactor for the enzyme nitrogenase (Sarawa, 2014).The
nodules are effective in addition to obtaining sufficient supply
assimilate of host plants, are also capable of forming a
nitrogenase enzyme conversion process fixation of N2 and
NH4NO3. Nitrogen fixation efficiency of a rhizobium strain
affect the number and size of the nodule (Provost et al., 2010).
Furthermore it is said that increased plant growth generally
correlates with the size of the nodule, nodule weight, number
and activity of nitrogenase.
M-bio has positive influence on fresh and dry weight of
nodules, and effective nodules. Weight of plant is the result of
partitioning fotosintat nodules to the roots of soybean plants. If
symbiotic rhizobium with soybean plants are effective, optimal
plant growth rate and, formation of nodules occurred.
Conversely if the soybean plant growth is inhibited and the
formation of nodules will also be hampered. Provision of Mbio is able to increase the formation and growth of plants,
which in turn increases the weight of nodules, These findings
are in agreement with the revelation Sarawa (2011) that
reported the effect of nutriflora (liquid fertilizer) to dry weight
of plants, tends to increase with increasing concentration of
nutriflora given. From the findings of this study it can be
conclude that M-bio can enhanced plant growth and nodule
formation. A positive correlation was reported between growth
characters and M-bio does and highest growth was reported in
12 ml of M-bio.
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