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Evaluation of Co-inoculation of Bradyrhizobium japonicum and
Phosphate Solubilizing Pseudomonas spp. Effect on Soybean

(Glycine max L. (Merr.)) in Assossa Area

A. Argaw1

ABSTRACT

An experiment was conducted at Assossa Agricultural Research Center (AARC) station
during 2008 cropping season in order to study the effects of co-inoculation of
Bradyrhizobium japonicum (TAL-378 and TAL-379) and phosphate-solubilizing bacteria
(PSB) (Pseudomonas spp.), and conventional farmers’ fertilizer level (combined and
individual application of 46N kg ha” and 46 P,Os kg ha™) on nodulation, seed yield and
yield components of soybean (Glycine max L. (Merr.)). Analyses of variance indicated that
most of the parameters measured were significantly (P>0.05) affected by the treatments.
Accordingly, dual inoculation with TAL-378 and PSB significantly increased plant height
at harvest, number of nodules per plant, nodule volume per plant, nodule fresh weight per
plant, and shoot height at late flowering and early pod setting compared to the other
treatments. Similarly, co-inoculation with TAL-378 and PSB, and dual fertilization of
nitrogen (N) and phosphorus (P) fertilizers significantly increased number of pods per
plant, number of seeds per pod per plant and seed yield ha' compared to the other
treatments. Analysis of plant tissue also indicated that dual inoculation of TAL-379 and
PSB yielded the highest total N whereas the lowest was recorded for the negative control.
Likewise, dual inoculation with TAL-378 and PSB and the positive control gave the
highest plant P compared to all other treatments. The data revealed that, there was no
significant difference (P>0.05) in days required for emergence, flower bearing and
maturity, number of seeds per pod, 300 seeds weight and root length among the
investigated treatments. Thus, the dual inoculation of TAL-378 and PSB is recommended
to achieve maximum seed yield of soybean in Assossa area.
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INTRODUCTION

Soybean (Glycine max L. (Merr.)) is a
subtropics member of the Leguminosae
family, an erect bushy annual crop with
considerable morphological diversity. Grain
legumes are a good source of protein. The
protein content in the pulses seed is high,
ranging from 17%-42%. Legume seeds
contain  significant  concentrations  of
minerals (calcium, zinc, iron) and vitamins
(folic acid and vitamin B including
riboflavin, thiamin and niacin). Soybean is

one of the most important oil seed crops in
the world. It contains 18 to 22% oil, highly
desirable in diet and has 40 to 42 % protein.
Soybean protein provides all eight amino
acids in the amount needed for human
health; hence it is the best source of protein
and oil and truly claims the title of the
meat/oil on plants (Ali, 2010). Generally,
soybean is used in the food industry for
flour, oil, cookies, candy, milk, vegetable
cheese, lecithin and many other products. At
present, the USA has the largest area under
soybean cultivation. Soybean is also grown
in other parts of the world including Brazil,
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China, Argentina, Indonesia, Korea, and
Japan. In Ethiopia soybean occupies around
95 thousand hectares of land with a
corresponding gross annual production of
approximately 94, 773 metric tons (CSA,
2009).

Despite the importance of the crop in the
world as a rich source of protein and oil, the
yield is generally very low in Ethiopia, i.e.
below 1 ton ha™ (CSA, 2009) as compared to
the USA and Asian soybean producing
countries. Poor soil fertility status is
considered as one of the factors contributing
to low yield. Nitrogen (N) and phosphorus
(P), in that order, are the two plants growth
limiting soil fertility factors in many soil
types including those in Ethiopia. The study
monitored by FAO in 38 sub-Saharan
African  countries, including Ethiopia
showed that there are high nutrient depletion
rates in N, P and potassium in different
farming systems (Stoorvogel et al., 1993).
To address this deficiency, farmers in
Ethiopia have used the uniform blanket
application of 100kg  Diammonium
phosphate (DAP) ha™ for all legumes plants
including soybean. However, this did not
result in any significant difference in
soybean yields. Moreover, the utilization
efficiency of phosphatic fertilizers by plants
is only 20 to 25% largely due to its chemical
fixation in soil (Hedley: et al, 1995).
Unbalanced use of chemical fertilizers had
led to a reduction in soil fertility and to
environmental degradation (Gyaneshwar et
al., 1998) and the cost of chemical fertilizers
has increased so that it is unaffordable for
developing country farmers such as
Ethiopia.

As a consequent, there has recently been a
growing level of interest in environmentally
friendly sustainable agricultural practices
including organic farming systems (Rigby
and Caceres, 2001; Lee and Song, 2007).
For example, Rhizobium and phosphate
solubilizing microorganisms would reduce
the need for N and P chemical fertilizers and
decrease adverse environmental effects.
Therefore, in the development and
implementation of sustainable agriculture
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techniques, biofertilization is of great
importance in alleviating environmental
pollution and the deterioration of nature
(Elkoca et al., 2008).

The microsymbiont of soybean
Bradyrhizobium japonicum is the highly
efficient N fixer forming symbiotic

association with soybean. According to
Unkovich and Pate (2000), the amounts of
N,-fixed (kg ha™) by soybean have been up
to 450 Kg N ha™'. Thus soybean depends on
its symbionts for a large part of its N
requirements for effective.growth and dry
matter production. Phosphate  solubilizing
bacteria (PSB) have the capacity to convert
insoluble phosphates into soluble forms for
plant growth. Linu et al. (2009) reported that
inoculation /of PSB- improved nodulation,
root and shoot biomass, straw and grain
yieldand P and N uptake of the crop.

Studies carried out by Wasule et al. (2007)
and-Son et al. (2007) clearly revealed that
co-inoculation of Bradyrhizobium and
phosphate  solubilizing  microorganism
significantly improved soybean growth and
its yield components as compared with the
sole application of Bradyrhizobium or
phosphate  solubilizing  microorganism.
Because in Ethiopia no work has been done
on these lines, emphasis has been put on the
possibility of the greater utilization of
unavailable P forms in soil i.e. about 95-
99% of soil P by the action of phosphate
solubilizing microorganisms (PSM) and the
utilization of huge amounts of atmospheric
N  through symbiotic N  fixing
microorganisms. In this regard, an attempt
has been made to study the effects of co-
inoculation of bradyrhizobia
(Bradyrhizobium japonicum) and phosphate
solubilizing bacteria (Pseudomonas spp) on
nodulation, yield and yield components of
soybean in Assossa area with the following
objectives:

To evaluate the effect of dual inoculation
of Bradyrhizobium and Pseudomonase sp.
on soybean nodulation, yield and yield
components.

To compare the effects of combined
application of chemical fertilizers (N and P
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fertilizers) and  biological  fertilizers
(Bradyrhizobia and Pseudomonas sp.) on
yield and yield components of soybean in
Assossa area.

MATERIALS AND METHODS
Site Preparation

The experiment was conducted at Assossa
Agricutural Research Station (altitude 1,480
m a.s.l., N09'58°41.7”, E03438°09.5”), 670
km far from capital city of Ethiopia, Addis
Ababa, located in ‘Benishangul Gumuz’
region. The location has been under soybean
plantation in the past year. The study was
performed from June up to October 2008
cropping season.

Source of Isolates

Bradyrhizobium japonicum (TAL 378 and
TAL 379) strains for soybean were obtained
from NifTal project and Micen, Hawalii,
USA type culture collection. Phosphate
solubilizing bacterium (PSB) “was isolated
from Jimma acidic soil, as a . superior
Pseudomonas  spp., from among all
investigated isolates (Asfaw Hailemariam,
2003).

Inoculant Preparation

The bradyrhizobia isolates were grown in
the yeast extract mannitol broth medium in
250 ml flasks shaken at 125 rpm at 25C
(Somasegaran and Hoben, 1994). When
subculture reached mid log phase, sterile
medium was used to dilute the inoculums to
an ODg;, of 0.08 (equivalent to 10® cells ml°
") (Zhang et al, 2003). Then the
bradyrhizobial liquid was mixed with peat
sterilized at 121°C for one hour, until the
inoculums contained 50% moisture and
rhizobial inoculant population of >10°
cells/g. Using plastic bags, the inoculums
were then stored at room temperature.
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Similarly, Pseudomonas spp. was grown
in Pikovskaya’s broth medium in 250 ml
flasks shaken at 125 rpm at 25C for 7 to 10
days to reach the bacterial population of
>10%cells/ml cultured broth (Kumar and
Chandra, 2008). Then the cultured liquid
was mixed with sterile peat, at 50% moisture
and the inoculant population of >10° cells
gm’ of inoculums. Using plastic bags, the
inoculums were stored at room temperature.

Field Layout

Treatments were arranged in a randomized
complete  block design with three
replications; with a gross plot size of 3.6
mx4 m=14.4 m* with six rows of plants and
net plot size of 2.4 mx4 m= 9.6 m> with 4
harvestable rows. There were six treatments
as listed below:

T/= Negative control (without chemical
and biofertilizers)

T,=N (46 Kg of N ha™)

T;=P (46 Kg P,0Os ha)

T,= Positive control (N (46 Kg of N ha’

')+P (46 Kg P,0s ha'"))

Ts= TAL-378 (Bradyrhizobium
japonicum)+PSB (Pseudomonas spp.)

Te= TAL-379 (Bradyrhizobium

japonicum)+PSB (Pseudomonas spp.).

The fertilizer sources used were trisuper
phosphate (46 kg P,Os ha™) and urea (46 kg
ha™) fertilizers for N and P. The fertilizer
levels were adopted from conventional
farmers® fertilizer recommendation level.
Both fertilizer types were applied and
incorporated into the soil before seeding,
where applicable as indicated in treatment
combination. The spacing between rows and
plants was 60 cm and 5 cm, respectively
with 1m spacing between each block.

Planting Method

Seeds, surface sterilized by immersion in
70% (v/v) ethanol for one minute followed
by three minutes in 4% (v/v) sodium
hypochlorite and rinsed six times with
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sterile distilled water as indicated in
Somasegaran and Hoben (1994) were
used. Surface sterilized and healthy seeds
were soaked in sterilized distilled water
for six hours. Then, the moistened seeds
were coated by mixing them with strain
inoculated peat carrier and were hand
sown in the field.

The final harvestable population of
soybean plants was 320 per plot. A sample
of the bulk soil was air dried and ground
to pass through a 2-mm hole size sieve
before determining soil pH (1:2.5,
soil:water ratio), electrical conductivity
(EC) by conductivity meter, exchangeable
Ca, Mg, K and Na extracted by ammonium
acetate and determined using atomic
absorption spectrophotometer and flame
photometer; organic matter by chromic
acid digestion, available soil P extracted
by 0.5 M NaHCO; and determined using
turbidimetric method , total soil N by

Kjeldahl method and texture class
determined by hydrometric procedure. All
soil  analysis  determinations  were

performed according to methods described

Table 1. Chemical, physical and biological
characteristics of the soil used in this study.

Assosa soil
(value??2?)

Soil parameter

pH(H,0) 5.6
EC(ds m™) 0.139
Soil texture class Loam
Sand (%) 41
Silt (%) 36
Clay (%) 23
Na(Cmol(+) kg™ 0.15
K(Cmol(+) kg™ 0.7
Ca(Cmol(+) kg™ 10.33
Mg(Cmol(+) kg™ 5.67
CEC(Cmol(+) kg™ 37.84
Base saturation (%) 45
Total nitrogen (%) 0.221
Organic carbon (%) 3.18
C/N ratio 14
Available P (mg kg™) 43
Available potassium (mg kg')  121.2
MPN (number of rhizobia g’ <10’

of soil)
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in Sertsu and Bekele (2000). Texture and
other soil properties of the sample soil are
presented in Table 1.

Harvest and Data Collection

All plant samples in the experiment were
taken by randomized uprooting of five
plants in both sides of boarder rows from
each plot. The first sampling was done at
the late flowering and early pod setting for
nodulation (nodule number, nodule
volume and nodule fresh weight), shoot
dry weight, shoot height and root length.
Soil adhering to the roots was removed by
washing with tap water. Nodules attached
to each plant root were removed and
separately evaluated for the nodulation
parameters. The harvested shoots were
oven dried at 70°C for at least 48h and
weighed. The N contents of the dried
shoots were determined using Kjeldahl
analysis (Sertsu and Bekele, 2000). At
maturity, all remaining plants from the
middle four rows were harvested and
number of pods per plant, number of seeds
per pod, number of seeds per pods per
plant, plant height, 300 seeds weight, and
seed yield per hectare were determined.
The days required for the emergence of
seedlings, bearing flowers and maturity
were also recorded.

Statistical Analysis

The collected data were subjected to
analysis of variance (ANOVA) using
General Linear Models Procedure of SAS
software ver. 10 (Hatcher, 2003). Means of
all treatments were calculated and the
differences were tested for significance
using the least significant differences (LSD)
test at 0.05 probability (p) level. Correlation
coefficients were calculated to study the
associative relations among the measured
traits using the Pearson correlations
(Hatcher, 2003).
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RESULTS AND DISCUSSION

Except mean of days to emergence, days
to flowering, days to maturity and root
length, all other parameters were
significantly (P>0.05) affected by the
treatment (Table 2). Similar results were
reported on soybean by Son, et al. (2006)
and Abdalla and Omar (2001). They
observed that the dual inoculation of
Bradyrhizobium japonicum and phosphate
solubilizing bacteria significantly
increased nodulation, seed and biomass
yield, nutrient uptake and symbiotic N
fixation. Moreover, combined inoculation
with N,-fixing and phosphate-solubilizing
bacteria was found to be more effective
than inoculation with single
microorganism by providing a more
balanced nutrition for plants (Belimov et
al., 1995). Dual inoculation increased
yields in sorghum (Algawadi and Gaur,
1992), barley (Belimov et al., 1995), and
black gram (Tanwar et al., 2002).

Plant Height at Harvest

As shown in Table 2, plant height (cm)
at harvest ranged from 42:53 to 71.1 cm
for the negative control, and for the
treatment inoculated with both TAL-378
(Bradyrhizobium japonicum) and PSB
(Pseudomonas sp.), respectively. The
maximum plant height at harvest was
related to dual inoculated plant with TAL-
378+PSM. It was significantly (P< 0.05)
higher than the negative control and the N
only treated plot. However, it was not
significantly different from the following
treatments: P, N+P, P and dual inoculation
with TAL-379+PSB. Similarly, dual
inoculation significantly increased the
plant height in wheat by 23.5% over the
negative control (Aftab Afzal and Asghari
Bano, 2008). Also, El-Azouni (2008)
stated that phosphate solubilizing fungi
inoculated  soybean  plants  scored
significantly higher plant heights which
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was 81%
treatment.

over the non-inoculated

Nodulation

The present study indicated that, inoculation
of Bradyrhizobium japonicum significantly
increased the number of nodule, nodule
volume per plant and nodule fresh weight
per plant as compared to the uninoculated
plants. The highest number of nodules per
plant was recorded in_dual application of
Bradyrhizobium (TAL-378) and PSB, which
scored 74.67 nodules per plant followed by
TAL-379+PSB (20 nodules per plant). On
the other hand, treating with N+P, P and N
fertilizers did not significantly affect the
number of nodules per plant. Except for the
P treated plots, all of other plots treated with
chemical fertilizers scored less than 2
nodules per plant. The positive effect of
inoculation  with  TAL-378+PSB  on
nodulation could indicate the lack of
compatible  Bradyrhizobium  japonicum
strain in the FEthiopian soil, limiting
production of soybean in some parts of
Ethiopia (Woldemeskel, 2007; Hailemariam,
personal communication).

Nevertheless, P treatment, even if there was
no significant difference on nodulation
compared to the negative control, resulted in
relatively higher nodulation than the sole N
and dual N and P treated plants. The supply
of P to host plant stimulated the
multiplication of rhizobia and essentially
their movement through the soil towards the
root system thereby improving the
nodulation (White, 1953; Madhok, 1961).
Comparing the co-inoculated treatments, the
TAL-378+PSB resulted in significantly
higher nodulation than plants treated with
TAL-3794+PSB. The data indicated that,
nodule number was positively correlated
with number of pods per plant (r= 0.50, P<
0.05), seed yield per hectare (r= 0.58, P<
0.05), plant total N (r= 0.57, P< 0.05), plant
P (r= 0.50, P< 0.05), nodule volume (r=
0.99, P< 0.0001), and nodule fresh weight
(r=0.99, P< 0.0001).
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Similar effects were obtained in nodule
volume per plant and nodule fresh weight
per plant. The highest nodule volume per
plant and nodule fresh weight per plant were
obtained in TAL-378+PSB (6.33 ml plant-1)
followed by TAL-379+PSB (1.866 ml plant’
", but the remaining treatments scored
statistically lower nodule volumes than the
inoculated treatments. Furthermore, nodule
volume per plant was positively correlated
with seed yield per hectare (r= 0.56, P<
0.05), plant total N (r= 0.58, P< 0.05) and
plant P (r= 0.49, P< 0.05)

TAL-378+PSB resulted in significantly
higher nodule fresh weight (6.99 mg plant™)
than all other treatments. Similarly, TAL-
379+PSB scored significantly higher nodule
fresh weights (1.95 mg/plant) than the N
treated, N and P treated and negative
controls. Data indicated that inoculation
with TAL-379+PSB did not significantly
increase nodule number; nodule fresh weight
and nodule volume per plant compared with
plants fertilized with an optimum amount of
P fertilizer alone. This could be due to the
fact that P enhanced the formation of higher
nodule number, nodule fresh® weight and
nodule volume and it has direct positive
effects on the indigenous. rhizobia found in
the rhizosphere itself (Linu et al., 2009). It is
known that every aspect of N, fixing nodule
formation is limited by the availability of P
(McDermott, 1999). Nodule fresh weight
was positively correlated with number of
pods per plant (r=0.42, P< 0.05), seed yield
per hectare (r=/0.57, P< 0.05), plant total N
(r= 0.59, P0.05) and plant P (r= 0.50, P<
0.05).

Shoot Height at Late Flowering and
Early Pod Setting Stage

Inoculation with TAL-378+PSB and
fertilization with N and P fertilizers resulted
in significantly higher shoot height than the
negative control and N fertilized plants.
Plants fertilized with N scored statistically
similar shoot height to the negative control.
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Inoculation with TAL-378+PSB increased
shoot height by 30.5% over the negative
control. Similarly, in plants fertilized with N
and P fertilizers, this was increased by
32.6% as compared to the negative control.
Moreover, shoot height was positively
correlated with root length (r= 0.83, P<
0.0001) and plant P (r= 0.55, P< 0.05).

Yield and Yield Components

The positive effect of dual inoculation
was clearly observed on number of pods
per plant, number of seeds per plant and
seed yield per hectare. Co-inoculation with
TAL-378+PSB and dual fertilization of N
and P significantly increased (P< 0.05)
number of pods per plant, number of seeds
per pod per plant and seed yield per hectare
as compared to the uninoculated negative
control which can positively contribute to
the grain yield of soybean. This might be
the result of the microorganisms involved
in P solubilization, which can enhance plant
growth by increasing the efficiency of
biological  fixation, enhancing  the
availability of trace elements and by the
production of plant growth promoting
substances (Gyaneshwar et al., 1998).

The number of pods per plant ranged
from 61.83 pods per plant in plants
fertilized with N and P chemical fertilizers
to 27.57 pods per plant (the negative
control). Inoculation with TAL-378+PSB
increased number of pods per plant by
112.7% over the negative control, 47.6% as
compared to N fertilized plants, 89.4% over
the plants inoculated with TAL-379+PSB,
and 90.1% over the plant fertilized by P
fertilizer alone. However, there was no
significant difference in pods per plant
between the N+P fertilized plants and
plants inoculated with TAL-378+PSB. This
could be due to the fact that dual
inoculation with TAL-378+PSB provided
adequate nitrogen N and P nutrients relative
to the chemical fertilizers (Akhtar et al,
1988). Number of pods per plant was
positively correlated with nodule volume
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(r= 0.47, P< 0.05), nodule fresh weight (r=
0.48, P< 0.05) and plant P (r= 0.74, P<
0.001). Nodulation showed positive
correlation with yield components such as
number of pods per plant as a result of
Bradyrhizobium  japonicum  inoculation,
which in turn reduces the use of P fertilizer
in soybean production (Son et al., 2006).

Inoculation with TAL-378+PSB and dual
fertilization of N and P fertilizers recorded
significantly higher numbers of seeds per
pod per plant than the other treatments.
Inoculation with TAL-378+PSB increased
number of seed per pod per plant by
125.6% over the negative control, 46.2% as
compared to N fertilized, 90.45% over co-
inoculated with TAL-379+PSB, and 89.4%
as compared to P fertilized plants. Number
of seeds per pod per plant was positively
correlated with plant height at harvest (r=
0.53, P< 0.05) and plant P (r= 0.88, P<
0.0001). A positive correlation between
seed yield and plant P indicates the
beneficial effect of PSB in increasing the
yield of soybean and reducing the
requirement of phosphatic fertilizers
(Dubey, 1996).

Of the treatments tested, only TAL-
378+PSB scored significantly higher seed
yield per hectare than the negative control
and N treated plants. But the data did not
reveal significant difference (P< 0.05) in
seed yield per hectare ‘among different
treatments such as N.and P treated plants, P
fertilizer treated plants, TAL-379+PSB and
TAL-378+PSB. Inoculation with TAL-
378+PSB increased seed yield per hectare
by 36.3% over the negative control, 34.7%
over N fertilized,16.7% as compared to
TAL-379+PSB, 9.8% over P fertilized; and
16% over N and P fertilized plants. In
general, the plots treated with TAL-
378+PSB indicated significantly higher
yield and yield components as compared to
the negative control, similar to the results
obtained by Zhang et al., (2003) and Agha
et al. (2004). Zhang et al. (2002) pointed
out that the increasing yield was due to the
formation of more pods per plant and more
seeds per plant.
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Plant Total N and P

According to the data presented in Table
3, dual inoculation of Bradyrhizobium
japonicum and Pseudomonas sp. was the
most effective in increasing plant total N
and plant P as compared to the negative
control. The highest plant total N was
resulted by TAL-379+PSB (4.047%)
followed by TAL-378+PSB (3.863%)
whereas the lowest was recorded by the
negative control (3.11%). This is as a result
of the increased available P content of the
soil due to the inoculation of PSB thereby
increasing symbiotic - effectiveness of
Bradyrhizobium japonicum and the amount
of N fixed (Athul R. Sandeep et al., 2008).
The N fixation process 1is energy
demanding, consuming about 16ATP
synthesis from< orthophosphate absorbed
from-the soils to fix one molecule of N,
(Giller; 2001). Dual inoculations with TAL-
378+PSB and TAL-379+PSB resulted in
significantly higher plant total N than all
the other treatments except for plants
fertilized with N and P fertilizers.

Similarly, there  were  significant
differences (P< 0.05) in plant P resulted by
different treatments. Inoculation with TAL-
378+PSB and dual fertilization of N and P
fertilizers resulted in significantly higher
plant P than other investigated treatments.
P uptake increased in dual inoculation of
TAL-378+PSB mainly as a result of P
solubilizing microorganisms, which in
addition to solubilizing P, produce a
necessary phytohormone, indole 3 acetic
acid (Datta et al., 1982) thereby enhancing
root growth and increasing nutrient uptake
(Piccini and Azcon, 1987). Co-inoculation
with TAL-379+PSB resulted in
significantly higher plant P than the
negative control but the data did not
indicate any significant differences (P<
0.05) in plant P among N and P fertilized
plants and the negative control.
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CONCLUSIONS
The obtained data showed that the
application of bradyrhizobia

(Bradyrhizobium japonicum) and phosphate
solubilizing bacteria (Pseudomosas sp.)
significantly increased the number and dry
weight of nodules, yield components, grain
yield , plant total N and P uptake of
compared to the negative control. Even if
there was no significant difference (P< 0.05)
between dual inoculation of TAL-378+PSB
(Pseudomonas sp. isolated from Jimma soil)
and the positive control fertilized with
optimum N and P fertilizers, dual
inoculation (TAL-3784+PSB) resulted in
improved performance of seed yield (kg ha’
") ‘as compared to the positive control.
Besides the yield advantage, N and P uptake
were also improved under TAL-378+PSB as
compared to sole application of N or P
fertilizers. Therefore, we concluded that,
dual inoculation of TAL-378+PSB was
found to be beneficial over chemical
fertilizers and would be recommended as
biological fertilizer for soybean production
in Assossa area. In addition, for other parts
of the country, similar experiments.should
be carried out to increase the yield of
soybean, protect the environment from
chemical pollutants and increase farmers’
income through decreasing the production
cost of soybean.
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