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ABSTRACT

Background: The productivity of soybean in Assosa Zone particularly in Assosa and Bambassi districts is very low due to poor soil
fertility management practices which resulted in severe soil acidity and low N-fixing inoculant in the soil. Hence, this experiment was
conducted to evaluate the influence of biofertilizer and inorganic fertilizers on nodulation, growth and yield of soybean [Glycine max
(L.) Merrill].

Methods: During the period 2019-2020 factorial combinations of four levels of biofertilizer inoculants [without inoculant (B1), SB12
inoculant (B2), MAR1495 inoculant (B3) and SB12 plus MAR1495 inoculants (B4); and four inorganic fertilizer types NP (F1), NPS
(F2), NPB (F3) and NPSB (F4) at their recommended rates for soybean] were laid out in a randomized complete block design (RCBD)
with three replications in Assosa and Bambassi districts, Assosa Zone, Western Ethiopia. Number of effective nodules per plant, leaf
area index and grain yield were collected following the standard procedures and were analyzed using SAS software version 9.1.3 and
significant mean differences were separated using Duncan’s multiple range test (DMRT) at 5% significance level.

Result: Number of effective nodules per plant, leaf area index and grain yield were highly significantly (P<0.01) affected by the
interactions of biofertilizer and inorganic fertilizers at both locations and years. Thus, the maximum grain yield (2621.67 kg) was
obtained from (SB12+MAR1495) + NPSB at Assosa and the maximum grain yield (2460.20 kg) was obtained from SB12+NPS at
Bambassi. Hence, (SB12+MAR1495) + NPSB and SB12+NPS are recommended for higher soybean grain yield for Assosa and

Bambassi districts and similar agro-ecologies, respectively.
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INTRODUCTION
Soybean [Glycine max (L.) Merrill] is an economically
important leguminous crop containing substantial amounts
of essential amino acids, oil, minerals and vitamins and is
regarded as a nutrient storage (Tefera, 2010). It is also the
most important legume worldwide, which can be used for a
variety of purposes including human food like soy milk, oil,
animal feed and also for soil amelioration (Zinaw et al.,
2013). Soybean has an average protein content of 40% and
is more protein-rich than any of the common vegetable or
animal food sources (Collombet, 2013). Soybean seeds also
contain about 20% oil on a dry matter basis and this is 85%
unsaturated and cholesterol-free (Dugje et al., 2009). It is
highly industrialized in developed countries, providing more
than a quarter of world’s food (CSA, 2017). Globally, over
349.31 million metric tons of soybean was produced in 2016
with average productivity of 3.21 t ha. From 349.31 million
metric tons, USA accounts for 34% (leading producer),
followed by Brazil (30%) and Argentina (18%) (USDA, 2017).
Soybean contributes nearly 10 per cent of total oil seeds
production of Ethiopia and accounts for only 4 per cent of
area planted under oilseeds. Recently, it has been a cash
crop and earns a substantial amount of foreign currency
contributing 15.7 million USD with the export of 34,264 metric
ton in 2016 (CSA, 2017). Due to the increasing demand for
soybean as a cash crop, the production has reached to
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86,467.9 tons with average productivity of 2.271 t ha.
Despite the increasing demand for soybean as a cash crop
in the country, the average productivity of soybean in Ethiopia
is still below the world average productivity of 3.21 t ha* and
its potential productivity which could go up to 4 t ha, which
may be related to poor soil fertility management practices
(CSA, 2018). Poor soil management practices such as
continuous cropping and continuous application of inorganic
fertilizers resulted in nutrient mining and soil acidity as a
result soybean productivity is still far below global averages
(Zelleke et al., 2010).
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In addition, total production of soybean is still below
the expected level and does not meet the countries oil
demand and other soybean products. Due to this fact, still
Ethiopia imported 522,000 metric tons of cooking oil, valued
at nearly $530 million in the year 2017. Of this total money,
import of soybean oil was of worth 15 million while that of
soybean products it was nearly 11 million USD, while more
than 87 per cent by volume was palm oil (CSA, 2018).

Soybean production is increasing in Western Ethiopia,
driven by its high value for food, oil, feed, raw material for
the newly established Agro Industry parks and its ability to
improve soil fertility (Sinclair et al., 2014). Despite the
increasing demand for soybean in Western Ethiopia, its
average productivity (2.138 t ha® ) in Assosa and Bambassi
districts is very low compared to the national average
productivity (CSA, 2018). The major factors which limit the
productivity of soybean in Western Ethiopia particularly in
Assosa and Bambassi districts are soil acidity, low/no
presence of N-fixing Bradyrhizobium japonicum strains in
the soil and poor soil fertility management practices (ASARC,
2017).

According to Assosa Agricultural Research Center
(2017), most of the soils in Assosa and Bambassi districts
are acidic with pH ranging from 5.2-6.0. Soil acidity in both
districts affected legume-Rhizobium symbiosis (decreases
legume nodulation) and availability of nutrients like N, P, S
and B. Hence, poor growth and yield reduction occur as a
result of inadequate nutrition (Tisdall, 1993). According to
Zelleke et al. (2010), Bradyrhizobium japonicum strains found
in the soil was very low in Assosa and Bambassi districts.
Assosa Agricultural Research Center (2017) has also reported
that there were poor soil management practices in Assosa
and Bambassi districts as a result nutrient deficiencies have
been observed. According to Asgelil (2000) most agricultural
soils of the Western Ethiopia were deficient in nitrogen,
phosphorus, sulphur and boron nutrients.

Furthermore, the combined use of these resources has
not really been given much attention by researchers with
respect to the production of soybean especially in the
Western Ethiopia. The long-term use of inorganic fertilizers
without biofertilizer inoculation reduces the productivity of
soybean in Western Ethiopia (Zelleke et al., 2010).
According to Khaliq et al. (2015), degradation of soil as a
result of repeated application of inorganic fertilizers to the
farm land has been observed in Western Ethiopia. These
problems make farmers not to meet soybean nutrient
demand over large area. Itis therefore justifiable to introduce
integrated application of soil amendments such as
biofertilizer and inorganic fertilizers in Assosa and Bambassi
districts, Assosa zone, Western Ethiopia (Zinaw et al., 2013).

The combined application of Bradyrhizobium japonicum
strains and inorganic fertilizers was found more effective in
increasing the productivity of soybean (Abbasi et al., 2008).
Marschner (1995) who reported that effective nodule number
per plant was significantly affected by combined application
of biofertilizer and inorganic fertilizer across the years. In

addition, Mahmood et al. (2017) also reported that combined
use of biofertilizers with inorganic fertilizers resulted in
maximum leaf area index. Moreover, Kumar et al. (2005)
reported that the maximum leaf area index was recorded
from the application of 100% NPS with SB12 strain over the
control. Bandyopadhyay et al. (2010) reported that greater
leaf area index in combined application of NPS + SB12 was
attributed to the production of new leaves and also increase
in size of the existing leaves. Furthermore, Mishra et al.
(2010) reported that leaf area index was significantly
influenced by main and interaction of bio- and inorganic
fertilizers. Dubey (1998) who obtained the highest soybean
grain yield when the plant was inoculated with B. japonicum
strains in combination with N, P, S and B fertilizers. Lourduraj
(2000) has also reported that the combined application of’
biofertilizers and inorganic fertilizers significantly enhanced
the growth attributes and yield of’ soybean as compared to
the sole application of either of them. As a result, optimum
amount of nutrient can be supplied through the integrated
application of biofertilizers and inorganic fertilizers. Thus,
this experiment was conducted to evaluate the effects of
biofertilizer and inorganic fertilizers on nodulation, growth
and yield of soybean in Assosa and Bambassi districts,
Assosa Zone, Western Ethiopia.

MATERIALS AND METHODS
Descriptions of the experimental sites

The experiment was carried out for two years (2019-2020)
during the main rainy season in Assosa and Bambassi
districts, Assosa Zone, Western Ethiopia. Geographically,
Assosa is located at 10° 02’ 05" N latitude and 34° 34’ 09" E
longitude at an elevation of 1570 meter above sea level, while
Bambassi is located at 9° 23'22" N latitude and 34° 00'12"
W longitude (Fig 1) at an elevation of 1470 meter above sea
level. Both experimental sites are characterized by hot humid
agro-ecology having mono-modal rainfall distribution pattern,
which starts at the end of April and extends to mid-November,
with maximum rainfall received in June, to October. The mean
annual rainfall during 2019 and 2020 cropping season in
Assosa was 1221.7 mm and 1235.4 mm, respectively (Fig
2), while it was 1209.1 mm and 1226.2 mm at Bambassi,
respectively (Fig 3). In addition, the minimum and maximum
temperatures of Assosa in 2019 cropping season were 16.5°C
and 27.5°C and in 2020 were 16.7°C and 27.9 °C, (Fig 2).
Whereas, the minimum and maximum temperatures of
Bambassi in 2019 were 17.2°C and 28.9°C and in 2020 were
17.4°C and 29.7°C (Fig 3). The dominant soil type and soil
textural of both experimental sites was Nitisols and clay,
respectively. The soil pH at Assosa was 5.32 and 5.50 at
Bambassi (Table 1). Sorghum, maize, haricot bean and
soybean are the dominant crops grown at both study sites
(BGBOARD, 2017).

Experimental treatments and design

Factorial combinations of four levels of biofertilizer [without
biofertilizer (B1), SB12 biofertilizer (B2), MAR1495
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biofertilizer (B3) and SB12 plus MAR1495 biofertilizers (B4);
and four inorganic fertilizer types nitrogen and phosphorus
(F1), nitrogen, phosphorus and sulphur (F2), nitrogen,
phosphorus and boron (F3) and nitrogen, phosphorus,
sulphur and boron (F4)] were laid out in a randomized
complete block design (RCBD) with three replications. The

recommended rates of N, P,O,, S and B for soybean in the

study areas were 19 kg N ha*, 46 kg P,O_ ha?, 7 kg S ha*
and 0.1 kg B ha. The source of NP were 41.3 kg ha Urea
(46% N) and 100 kg ha* TSP (46% P,0,), while the source
of NPS were 100kg ha* NPS (19 % N, 38% P,O_and 7% S)
and 17.4 kg ha™ TSP (46% P,0,). The source of NPB were
41.3 kg ha' Urea (46% N) and 100 kg ha' TSP (46% P,O,)
and 1 kg ha?! Borax (0.1% B), while the source of NPSB
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Fig 1: Location map of Assosa and Bambassi districts.
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Fig 2: Average monthly rainfall and temperature distribution during 2019 and 2020 experimental years in Assosa.
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were 100kg ha™ NPS (19 % N, 38% P,O_ and 7% S), 17.4
kg ha' TSP (46% P,0,) and 1 kg ha* Borax (0.1% B). The
source of fertilizers such as NPS, TSP, Urea and Borax were
mixed fertilizers. Improved soybean variety "Gishama” was
used as a planting material. There were 48 experimental
plots having the gross plot size of 3 m x 2 m (6 m?) and the
net plot size of 2.4 m x 1.9 m (4.56 m?). Within the net plot,
there were five planting rows. The spacing between rows
was 60 cm, while the spacing between plants was 5cm.
Adjacent plots and blocks were separated by 0.5 and 1 m,
respectively.

Experimental procedures

Prior to sowing, the land was finely ploughed and harrowed
manually. Seeds were inoculated prior to drilling with
inoculum of SB12 and MAR1495 at 500 g ha® to all plots
except the control. With regards to inoculation procedures,
initially, 500 gram of sugar was applied to 1.25 liters of water
and was heated for 15 minutes. Consequently, 500 gram of
SB12 and 500 gram of MAR1495 were added and mixed in
to the above sugar suspension to form slurry. Then, the
recommended rate of seed (80 kg ha?) was added to the
above slurry and mixed by hand. Finally, the inoculated seed
was dried in a shade on a plastic sheet for 15 minutes and
was sown on furrow (Somasegaran and Hoben, 1994). All
fertilizers types were applied immediately before planting
to rows prepared to sow soybean and slightly mixed with
soil to prevent direct contact of the fertilizer with the seed.
Soon after seeding, the furrows were covered by soils.
Besides, all other agronomic practices for soybean crop
were done as per the recommendation. Finally, the data
were collected following the appropriate procedures.

Crop data collection

Data of effective nodules per plant, leaf area index and grain
yield of soybean were collected following their respective
standard methods and procedures. To determine effective
nodules, five plants were randomly sampled from destructive
rows of each experimental plot at 50% flowering stage (mid-
flowering stage) of the plant. Then after, selected samples
were randomly uprooted by carefully digging around the
plant using a spade. Then, it was washed with clean tap
water to remove all attached soil from the roots and the
nodules. The nodules were then detached from the roots
and dissect each nodule to identify effective nodules. Then,
the cross section of the nodules was observed to identify
the effectiveness of the nodules. When the colors showed
pink to dark red it was considered as effective while green,
brown, or white color it was considered as ineffective
nodules. Finally, total number of effective nodules per plant
was counted.

To measure leaf area index, field photograph pictures
were taken using digital camera in typical growth stages at
initial flower stage. The pictures were then imported
immediately to the computer for analysis of leaf area index
by using leaf area index calculator called Hemisphere

software (Thimonier et al., 2010). Soybean plants were
harvested at physiological maturity just above ground level
from net plot area to determine grain yield. Then, the grain
yield was recorded per plot and converted to hectare basis
and the average yield was expressed in to kilogram per
hectare after adjusting the grain yield by 10% moisture
content.

Data analysis

The data were further subjected to analysis of variance
(ANOVA) using SAS version 9.1.3 (SAS, 2002). For
parameters whose ANOVA results showed significant
differences between treatments, mean separation was done
using DMRT at 1% or 5% level of probability.

RESULTS AND DISCUSSION
Number of effective nodules per plant

The interaction effect of biofertilizer and inorganic fertilizers
showed highly significant variation on number of effective
nodules per plant at both locations in 2019 (Table 1). Thus,
the interaction of SB12+MAR1495 (B4) and NPSB (F4) gave
the maximum number of effective nodules (43.67) at Assosa,
while the interaction of SB12 (B2) and NPSB (F4) gave the
maximum number of effective nodules (39.33) at Bambassi.
However, un-inoculated (B1) and NP (F1) gave the minimum
number of effective nodules 2.33 and 4.00 at Assosa and
Bambassi, respectively.

Likewise, the interaction effect of biofertilizer and
inorganic fertilizers showed highly significant variation on
number of effective nodules at both locations in 2020 (Table 1).
As a result, the interaction of SB12+MAR1495 (B4) and
NPSB (F4) gave the maximum number of effective nodules
per plant (52.67) at Assosa and the interaction of SB12 (B2)
and NPSB (F4) gave the maximum number of effective
nodules (52.33) at Bambassi. However, the minimum
number of effective nodules per plant was recorded from
the interaction of un-inoculated (B1) and NP (F1) at Assosa
(2.67) and Bambassi (5.00).

Generally, the highest effective nodules were recorded
from the interaction of SB12+MAR1495 (B4) and NPSB (F4)
(52.67) at Assosa and SB12 (B2) and NPSB (F4) (52.33) at
Bambassi in 2020. The presence of higher number of
effective nodules might be due to the synergetic effect of
SB12+MAR1495 (B4) inoculation and NPSB (F4)
application. This means the nitrogen fixed from combined
application of SB12+MAR1495 (B4) and the nitrogen,
phosphorus, sulfur and boron obtained from NPSB (B4)
might have contributed in forming effective nodules. This
result is in line with Marschner (1995) who reported that
effective nodule number per plant was significantly affected
by combined application of biofertilizer and inorganic
fertilizer across years. Lourduraj (2000) also reported that
the combined application of’ biofertiliers and inorganic
fertilizers significantly enhanced the growth attributes and
yield of’ soybean as compared to the sole application of
either of them.
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Leaf area index

The interaction effect of biofertilizer and inorganic fertilizers
showed highly significant variation on leaf area index at both
locations in 2019 (Table 1). Thus, the interaction of SB12 +
MAR1495 (B4) and NPSB (F4) gave the maximum leaf area
index (5.29) at Assosa, while the interaction of SB12 (B2)
and NPS (F2) gave the maximum leaf area index (4.42) at
Bambassi. On the contrary, the interaction of SB12 (B2) and
NP (F1) gave the minimum leaf area index 2.72 at Assosa
and the interaction of un-inoculated (B1) and NP (F1) fertilizer
gave the minimum leaf area index (2.77) at Bambassi.

Furthermore, the interaction of biofertilizer and inorganic
fertilizers showed highly significant (P<0.01) variation on
leaf area index at both locations in 2020 (Table 1). As a
result, the maximum leaf area index of (6.79 cm) was
obtained from the interaction of SB12 + MAR1495 (B4) and
NPSB (F4) at Assosa, while the maximum leaf area index
(6.97 cm) was obtained from the interaction of SB12 (B2)
and NPS (F2) at Bambassi. However, the minimum (3.84cm)
leaf area index was obtained from the interaction of un-
inoculated (B1) and NP (F1) at Bambassi compared to the
other treatments.

Generally, in both years, combined use of SB12 +
MAR1495 (B4) and NPSB (F4) gave the maximum leaf area
index at Assosa, while combined use of SB12 (B2) and NPS
(F2) gave maximum leaf area index at Bambassi.
Furthermore, the value of leaf area index varied among
locations and years. The varied leaf area index at both
locations and years might be due to the variation in genetic
adaptability of the strain, initial soil conditions, temperature
and rainfall. From all treatments, the highest leaf area index
of 6.97 was recorded from the combined effect of SB12 (B2)
and NPS (F2). The maximum leaf area index could be
resulted from the synergetic effect of SB12 (B2) inoculation
and NPS (F2) fertilizer application. This means the nitrogen
fixed from SB12 (B2) inoculation and the nitrogen,
phosphorus and sulfur obtained from NPS (F2) fertilizer
might have contributed in the formation of maximum leaf
area index. This finding was in agreement with Mahmood
et al. (2017) who investigated that combined use of
biofertilizers with inorganic fertilizers resulted in maximum
leaf area index. This result is also in conformity with Kumar
et al. (2005) who reported that the maximum leaf area index
was recorded from the application of 100% NPS with SB12
bacterial strain over the control. The result is also similar
with the finding of Bandyopadhyay et al. (2010) who reported
that greater leaf area index in combined application of NPS
+ SB12 was attributed to the production of new leaves and
also increase in size of the existing leaves. Mishra et al.
(2010) also reported leaf area index was significantly
influenced by main and interaction of bio- and inorganic
fertilizers.

Grain yield

The interaction effect of biofertilizer and inorganic fertilizers
showed highly significant variation on grain yield at both

locations in 2019 (Table 1). As a result, the interaction of
SB12 (B2) and NPS (F2) gave the maximum grain yield
(2275.00 kg) at Bambassi, while the interaction of SB12 (B2)
+ MAR1495 (B4) and NPSB (F4) gave the maximum grain
yield of (2464.70kg) at Assosa. However, the interaction of
un-inoculated (B1) and NPB (F3) gave the minimum grain
yield of 1411.30kg at Bambassi, while the interaction of SB12
(B2) and NP (F1) gave the minimum grain yield of 1714.00kg
at Assosa (Table 1).

Similarly, the interaction of biofertilizer and inorganic
fertilizers showed highly significant variation on grain yield
at both locations in 2020 (Table 1). Thus, the interaction of
SB12 (B2) and NPS (F2) gave the maximum grain yield
(2460.20kg) at Bambassi, while the interaction of SB12 +
MAR1495 (B4) and NPSB (F4) gave the maximum grain
yield (2621.67kg) at Assosa. However, the interaction of un-
inoculated (B1) and NPB (F3) gave the minimum grain yield
(1527.00kg) at Bambassi and the interaction of un-
inoculated (B1) and NPSB (B4) gave the minimum grain
yield of (1833.00kg) at Assosa (Table 1).

Hence, in both years, maximum grain yield was
recorded from the interaction of SB12 + MAR1495 (B4) +
NPSB (F4) and SB12 (B2) + NPS (F2) at Assosa and
Bambassi, respectively. Besides, the recorded grain yield
varied among years and location. This might be due to the
variation in initial soil conditions, the residual effects of the
supplied nutrients in the first year and the effectiveness of
the strains at locations. Hence, from cumulative interaction
effects, the highest grain yield (2621.67kg) was recorded
from the interaction of SB12 + MAR1495 (B4) + NPSB (F4).
This could be because of the synergetic effects resulted
from both application of NPSB fertilizer and combined use
of SB12 + MAR1495. This result is supported with the finding
of Dubey (1998) who obtained highest grain yield of soybean
when the plant was inoculated with B. japonicum strains in
combination with N, P, S and B fertilizers. Lourduraj (2000)
has also reported that the combined application of’
biofertiliers and inorganic fertilizers significantly enhanced
the growth attributes and yield of’ soybean as compared to
the sole application of either of them.

CONCLUSION

As a conclusion, from this experiment it was noted that the
interaction effects of biofertilizer and inorganic fertilizers had
highly significant (P<0.01) effect on number of effective
nodules per plant, leaf area index and grain yield. The
highest number of effective nodules per plant was recorded
from the interaction of SB12+MAR1495 and NPSB.
Whereas, the highest leaf area index was recorded from
the interaction of SB12 and NPS. Maximum grain yield
(2621.67kg) was obtained from the interaction of (SB12 +
MAR1495) along with NPSB at Assosa and the maximum
grain yield (2460.20 kg) was obtained from SB12 along with
NPS at Bambassi. Finally, it is recommended that using the
interaction of (SB12 + MAR1495) along with NPSB and the
interaction of SB12 along with NPS is critical for higher grain

6 Indian Journal of Agricultural Research



Nodulation, Growth and Yield of Soybean [Glycine max (L.) Merrill] as Influenced by Biofertilizer and Inorganic Fertilizers in...

yield of soybean at Assosa and Bambassi districts,
respectively and should be adopted appropriately to
enhance the productivity of soybean in the areas and similar
agro-ecologies.
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