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ABSTRACT
Background: Soil acidity, low soil nutrient status and low nitrogen fixing inoculants as a result of poor soil fertility management
practices are the major constraints in soybean production in Assosa Zone, particularly in Assosa and Bambassi districts. Hence, this
experiment was conducted to evaluate the effect of bio-, organic and inorganic NPSB fertilizers and lime on soil physico- chemical
properties.
Methods: During the period 2019-2020 factorial combinations of two bio-fertilizer inoculants [without bio-fertilizer (B1) and SB12
plus MAR1495 bio-fertilizer at their recommended rates of 500 g ha-1 (B2); two organic fertilizers without fresh cattle manure (M1)
and fresh cattle manure at 10 t ha-1 (M2); two lime rates without lime (L1) and lime at 5 t ha-1 (L2); two inorganic NPSB fertilizers
NPSB at 9.5-23-3.5-0.05 (F1) and NPSB at 19-46-7-0.1 (F2) at their recommended rates for soybean] were laid out in a  randomized
complete block design with three replications. Bulk density, pH, total nitrogen, available phosphorus, organic carbon and cation
exchange capacity were collected and analyzed using SAS software version 9.1.3 and significant mean differences were separated
using Duncan’s Multiple Range Test (DMRT).
Result: Bulk density, pH, total nitrogen, available phosphorus, organic carbon and cation exchange capacity were highly affected
(P<0.01) by the interactions of bio-, organic and inorganic fertilizers and lime. Finally, the interaction of SB12+MAR1495, 10t/ha
fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-0.1 improved the bulk density, pH, total nitrogen, available phosphorus,
organic carbon and cation exchange capacity at both districts.
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INTRODUCTION
Soil acidity, low soil nutrient status and low nitrogen fixing
inoculants are the major constraints in soybean production
in Western Ethiopia particularly in Assosa and Bambassi
districts of Assosa Zone (Ayoola, 2010). The major factors
which resulted in soil acidity, low soil nutrient status and low
nitrogen fixing inoculants in Western Ethiopia particularly in
Assosa and Bambassi districts are poor soil fertility
management practices such as absolute use of inorganic
fertilizers and continuous cropping (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.

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. It is therefore justifiable to introduce
integrated application of soil amendments such as bio-,
organic and inorganic fertilizers and lime in Assosa and
Bambassi districts, Assosa zone, Western Ethiopia (Zinaw
et al., 2013).
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Kumar and Shivay (2010) revealed that integrated use of
biofertilizers, organic fertilizers, inorganic fertilizers and lime
significantly improved the available N and P and K contents
compared to sole application of inorganic fertilizers. Tolanur
and Badanur (2003) reported that available N, P and K
contents increased significantly with the application of
biofertilizers combination with inorganic fertilizers, organic
fertilizers and lime over inorganic fertilizers alone. According
to Harleen (2016) the significant increase in available nitrogen
was observed in treatments having combined application
of biofertilizer, inorganic fertilizer, organic fertilizer and lime.

According to Kassa et al. (2014), the combined
application of fresh cattle manure with biofertilizer, inorganic
fertilizer and lime increased the amount of available
phosphorus in soil, as it helps in sustaining higher population
of several bacteria and fungi, which are capable of
solubilizing soil phosphorus. Courtney and Mullen (2008)
reported that combined application of biofertilizer, organic
fertilizer, inorganic fertilizer and lime improved soil physical
(bulk density, stabilization of soil structure and aggregate
formation) properties, soil chemical (pH, base saturation,
salinity and CEC) and biological properties.

Li et al. (2017) also reported that the integrated use of
organic manure and inorganic fertilizers along with
biofertilizers and lime is a promising approach in preserving
soil microbial communities and activities, which will
ultimately show positive impacts on different soil
physicochemical properties and crop production. Thus, this
experiment was carried out to investigate the integrated
application of bio-, organic and inorganic NPSB fertilizers
and lime on soil physico-chemical properties 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 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. In 2019
and 2020 cropping season, the mean annual rainfall at
Assosa was 1221.7 mm and 1235.4 mm, respectively
(Fig 2), while 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, while 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 biofertilizer inoculants [without
biofertilizer (B1), SB12 biofertilizer at the recommended rate
of 500 g ha-1 (B2), MAR1495 biofertilizer at the recommended
rate of 500 g ha-1 (B3) and SB12 plus MAR1495 biofertilizers
at their recommended rates (B4); two organic fertilizers
without fresh cattle manure (M1) and fresh cattle manure at
10 t ha-1 (M2); two lime rates without lime (L1) and lime at 5 t
ha-1 (L2); two inorganic NPSB fertilizers NPSB at 9.5-23-
3.5-0.05 (F1) and NPSB at 19-46-7-0.1 (F2) at their
recommended rates for soybean]  were laid out in
randomized complete block design (RCBD) with three
replications. The recommended rates of N, P2O5, S and B
are 19 kg ha-1, 46 kg ha-1, 7 kg ha-1 and 0.1 kg ha-1,

  Fig 1: Location map of Assosa and Bambassi districts.
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respectively for soybean in the study areas. The sources of
NPSB were 100kg NPS (19 % N, 46% P2O5 and 7% S), 17.4
kg TSP (46% P2O5) and 1 kg Borax (0.1% B). Improved
soybean variety ‘’Gishama” was used as a planting material.
There were 48 experimental plots having the gross plot size
of 3 m  2 m (6 m2) and the net plot size of 2.4 m  1.9 m
(4.56 m2). 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-1 and 500 g ha-1,

respectively for all treatments except the control. W ith
regards to inoculation procedures, initially, 125 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-1) 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
within 24 hours (Somasegaran and Hoben, 1994). Inorganic
fertilizers were applied as per the treatments. As per the
recommendation, fresh cattle manure was prepared and
applied 21 days before sowing. Again, as per the
recommendation, lime (CaCO3) was broad casted and
thoroughly mixed with the soil manually by hand 21 days

Fig 2: Average monthly rainfall and temperature distribution during 2019 and 2020 experimental years in Assosa.

Fig 3: Average monthly rainfall and temperature distribution during 2019 and 2020 experimental years in Bambassi.
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before sowing. 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.

Soil sampling and analysis
Soil samples were collected at plow depth of 0-20 cm before
sowing (one composite) and after harvesting of the crop
(from each plot) for the analysis of major soil parameters.
Disturbed soil samples of 1kg were collected using augur
for the determination of most soil parameters while
undisturbed soil samples were collected using core sampler
to determine soil bulk density. Soil samples of 1 kg were
collected from 12 spots of the experimental land in a block
and thoroughly mixed to form a composite sample. Samples
were then air dried and passed through 0.5 mm mesh sieve
and packaged for laboratory analyses (Okalebo et al., 2002).
Soil texture was analyzed by the Bouyoucos hydrometer
method following the procedure described by Bouyoucos
(1962) while bulk density was determined using the core
method (Black, 1965). Soil pH was measured using a digital
pH meter in a 1:2.5 soil-water suspension. Soil organic
carbon content (OC) was determined by wet digestion
method (Walkley and Black, 1934). Determination of total
N was done using Kjeldahl digestion method (Black, 1965).
Available P was analyzed by the Olsen method using a
mixture solution of HCl and NH4F solution spectrophotometer
(Olsen and Sommers, 1982). Exchangeable bases (Ca, Mg,
K and Na) were determined after extracting the soil samples
by 1.0 M ammonium acetate (NH4OAc) extract at pH 7.0
and Cations Exchange Capacity (CEC) was determined
using Titration method.

Fresh cattle manure sampling and analysis
Before application of fresh cattle manure to the experimental
plots, sample of 1 kg fresh cattle manure were collected
from the source and stored in plastic bags. Then, it was air

dried and ground to pass through a 2mm sieve and
packaged for laboratory analyses. Then after, pH, total N,
available P, organic carbon and cation exchange capacity
in the fresh cattle manure were determined according to
methods described by Okalebo et al. (2002).

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
Initial soil physico-chemical properties of the
experimental sites
Based on soil analysis result, the texture of soil was clay
with more than 50% clay content at both locations (Table 1).
The bulk densities of the experimental sites were 1.16, 1.23
g cm-3 and 1.19 g cm-3 for Assosa, Bambassi and combined
over locations, respectively and it is in the suitable range
for agricultural practices. The pH of soil was 5.32, 5.50 and
5.41 for Assosa, Bambassi and combined over locations,
respectively and was all strongly acidic in nature at both
locations (Table 1). In soils having a pH of the
aforementioned range phosphorus fixation is a serious
problem and useful microorganisms including nitrogen fixing
rhizobia couldn’t also survive for they need a soil pH above
5.5. At Assosa, total nitrogen (0.20%), available P (6.80
ppm), organic carbon (2.80%) and effective cation exchange
capacity (22.05cmol (+) kg-1) were medium, low, high and
moderate, respectively for effective crop growth. Likewise,
at Bambassi, total nitrogen (0.49%), available P (5.49 PPM),
organic carbon (3.30%) and cation exchange capacity
(25.61cmol (+) kg-1) were high, low, very high and very high,
respectively for effective crop growth.

Table 1: Initial soil physico-chemical properties of the experimental sites.

Soil properties Assosa Rating Bambassi Rating COS Rating

Physical properties
Bulk density (g cm-3 ) 1.16 Low* 1.23 Low* 1.19 Low*
Particle size distribution
Sand (%) 24.00 21.33 22.66
Clay (%) 53.00 52.34 52.67
Silt (%) 23.00 26.33 24.66
Textural class Clay Clay Clay
Chemical properties
pH (H2O) 5.32 Strongly 5.50 Strongly 5.41 Strongly

acidic* acidic* acidic*
Total nitrogen (%) 0.20 Medium *0.49 High *0.34 High*
Available P (ppm) 6.80 Low* 5.49 Low* 6.14 Low*
Organic carbon (%) 2.80 High* 3.30 Very high* 3.05 High*
CEC (meq 100 g soil-1) 22.05 Moderate* 25.61 Very high* 23.83 Moderate*

Where, * shows Hazelton and Murphy (2007); CEC= Cation exchange capacity; P= Phosphorus; ppm= Part per million; pH= Power of
hydrogen; COS= Combined over sites.
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The mean results combined over locations showed that total
nitrogen (0.34%), available P (6.14 ppm), organic carbon
(3.05%) and cation exchange capacity (23.83 cmol (+) kg-1)
of soil were high, low, high and moderate, respectively for
effective crop growth. This implies that the experimental soil
apparently contains low to very high levels of soil quality
parameters initially to support plant growth (Table 1). This
is in agreement with standardizations of Hazelton and
Murphy (2007) who categorized a soil with pH (5.41) as
strongly acidic. Organic carbon with 3.05% of the soil and
0.34% nitrogen were considered as high in standards.
Similarly, 6.14 ppm phosphorus was categorized as low and
the cation exchange capacity (23.83 cmol (+) kg-1 of soil) of
the soil was moderate with low level of soil bulk density (1.19
g cm-3) (Hazelton and Murphy, 2007).

Chemical composition of fresh cattle manure
The nutrient concentration recorded from fresh cattle manure
were 8.50% organic carbon, 14.67% organic matter, 0.92%
total nitrogen, 63.00ppm available phosphorus, (45.15 cmol
(+) kg-1) cation exchange capacity and the pH 7.90 (Table 2).
Based on the values recorded, the pH of fresh cattle manure
was moderately alkaline. In addition, the recorded value
of total nitrogen, available phosphorus, organic carbon
and the cation exchange capacity of fresh cattle manure
was very high according to the rating of Hazelton and
Murphy (2007).

Effect of bio-, organic and inorganic NPSB fertilizers
and lime on soil physico-chemical properties after two
years experiment
Bulk density
Analysis of variance showed that application of biofertilizer
and inorganic fertilizer were not affected (P>0.05) bulk
density at both locations (Table 3). Unlike to the effect of
biofertilizer and inorganic fertilizer, organic fertilizer was
highly (P<0.01) affected bulk density at both locations (Table 3).
Thus, application of 10t/ha fresh cattie manure gave the
maximum bulk density of 1.17g/cm3 and 1.24g/cm3 at Assosa
and Bambassi, respectively, which was significantly higher
than control. However, the minimum bulk density of 1.15 g/
cm3 and 1.22 g/cm3 was recorded from the control at Assosa
and Bambassi, respectively.

The result indicated that application of 10t/ha fresh cattie
manure to the soil improved the bulk density of the soil.
This may be attributed to that application of fresh cattle

manure resulted in high soil organic matter increases. The
high soil organic matter generally increased the aggregate
stability and total porosity, reduced soil compactness
(improved the bulk density) and changed the pore-size
distribution of the soil. This result is in line with the finding
of Candemir, F. and Gulser, C. (2011) reported that soil
organic matter lowered soil compaction, which results in an
improved total soil porosity and permeability and because
of that, soil bulk density was improved. Yazdanpanah et al.
(2016 ) have also reported that the different soil physical
properties, especially those related to soil hydraulic
properties, can be improved by incorporating sufficient
amounts of organic manure, which help to improve bulk
density and surface crusting and increase aggregate
stability, porosity and microbial activity. Meng et al. (2019)
results also showed that manure applications decreased
the bulk density and increased the total porosity of the soil.
Dhaliwal et al. (2019) who also reported that treatment of
the soil with organic products such as manure release
bacterial gums and polysaccharides that aid in binding soil
partic les together, thus increasing aggregation and
decreasing the bulk density.

Similar to the effect of organic fertilizer, lime was highly
(P<0.01) affected bulk density at both locations (Table 3).
Thus, application of 5t/ha lime gave the highest bulk density
of 1.17 g/cm3 and 1.24 g/cm3 at Assosa and Bambassi,
respectively, which was significantly higher than control.
However, the minimum bulk density of 1.16 g/cm3 and 1.23
g/cm3 was recorded from un-limed soil at Assosa and
Bambassi, respectively. The result implies that application
of 5t/ha lime to the soil improved the bulk density of the soil.
This might be due to liming played a significant role in
reducing soil acidity. The reduction in soil acidity might
contribute for survival of microorganisms. The microorganisms
which are survived and found in soil might involve in
decomposition process and that aid in binding soil particles
together, thus increasing aggregation and decreasing the
bulk density. This result is in agreement with the finding of
Crawford et al. (2008) who reported that more than
increasing soil pH; increased availability of P, Mo and B and
more favorable conditions for microbial mediated reactions
such as N2 fixation and nitrification and in some cases
improved soil physical properties particularly soil structure
and bulk density.

In addition, the interaction effect of biofertilizer, organic
fertilizer, lime and inorganic fertilizers was highly (P<0.01)

Table 2: Chemical composition of fresh cattle manure.

Chemical properties Value Rating

pH (H2O) 7. 90 Moderately alkaline*
Total nitrogen (%) 0. 92 Very high*
Available P (ppm) 63.00 Very high*
Organic carbon (%) 8.50 Very high*
CEC (meq 100 g soil-1) 45.15 Very high*

Where, *shows Hazelton and Murphy (2007); CEC= Cation exchange capacity; P= Phosphorus; ppm= Part per million; pH= Power of
hydrogen.
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affected bulk density at both locations (Table 4). Thus, the
interaction of SB12+MAR1495, 10t/ha fresh cattie manure,
5t/ha lime and NPSB at 19-46-7-0.1 gave the maximum bulk
density of 1.18g/cm3 and 1.25g/cm3 at Assosa and
Bambassi, respectively. However, the interaction of un-
inoculated, without fresh cattie manure, without lime and
NPSB at 9.5-23-3.5-0.05 and the interaction of
SB12+MAR1495, without fresh cattie manure, without lime
and NPSB at 9.5-23-3.5-0.05 gave the minimum bulk density
of 1.14g/cm3 and 1.21g/cm3 at Assosa and Bambassi,
respectively. Moreover, bulk density (1.25g/cm3) recorded
at Bambassi is greater than that of Assosa. This might be
due to the variation in initial soil conditions (Table 1).

Generally, the interaction of SB12+MAR1495, 10t/ha
fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-0.1
improved the bulk density of the soil as compared to sole
application of biofertilizer, organic fertilizer, inorganic fertilizer
and lime at both locations. This might be due to the
availability of balanced nutrients obtained from both
combined sources. The balanced nutrients obtained from
both combined sources might have the contribution in
enhancing the fo rmation and stabilization of soil
aggregates. The formation of soil aggregates increase soil
porosity and hence lowered soil compaction or bulk density.
This result is in line with Zhang et al. (2014) who reported
that combined application of soil amendments enhance
the stability of soil aggregation and has a positive significant
effect on a range of soil physical properties and functions,
which results in an improved total soil porosity and
permeability and because of that, lowered soil compaction
or soil bulk density. This result is also in agreement with
the finding of Courtney and Mullen (2008) reported that
combined application of biofertilizers, organic fertilizers,
inorganic fertilizers and lime improved soil physical (bulk
density, stabilization of soil structure and aggregate
formation) properties, soil chemical (pH, base saturation,
salinity and CEC) and biological properties.

PH
Analysis of variance showed that application of biofertilizer
and inorganic fertilizer were not affected (P>0.05) pH at both
locations (Table 3). Unlike to the effect of biofertilizer and
inorganic fertilizer, organic fertilizer was highly (P<0.01)
affected pH at both locations (Table 3). Thus, application
of 10t/ha fresh cattie manure gave the maximum pH of
5.39 and 5.54 at Assosa and Bambassi, respectively,
which was significantly higher than control. However, the
minimum pH of 5.22 and 5.42 was recorded from the control
at Assosa and Bambassi, respectively.

The result implies that application of 10t/ha fresh cattie
manure to the soil improved the pH of the soil. The increase
in the pH as a function of fresh cattle manure application
might be attributed the presence of organic matter in the
manure. The addition of organic matter to the soil through
manure might have release the cations such as calcium
and magnesium during decomposition and resulted in
increasing of soil pH. This result is in agreement with Butterly

et al. (2013) who reported that the addition of cations such
as Ca and Mg through decomposition of organic matter
neutralizes H+ ions and increase the pH of the soil. The
result also in line with the finding of Whalen et al. (2000)
who also reported that the increase in the pH as a function
of manure application has been attributed to the calcium
carbonate and bicarbonate found in manure. Suryantini
(2007) reported that adding organic matter into soil for one
season was generally changes the soil pH from acidic to
around neutral. Similar finding was reported by Evelyn et
al. (2004), that the application of organic matter increased
soil pH from 5.0 to 6.5 after 90 days of application. Albiach
et al. (2000) also reported that organic manures act not only
as a source of nutrients and organic matter, but also increase
size, biodiversity and activity of the microbial population in
soil, influence structure, nutrients turnover and many other
changes related to physical, chemical and biological
parameters of the soil.

Similar to the effect of organic fertilizer, lime was highly
(P<0.01) affected pH at both locations (Table 3). Thus,
application of 5t/ha lime gave the highest pH of 5.39 and
5.54 at Assosa and Bambassi, respectively, which was
significantly higher than control. However, the minimum pH
of 5.22 and 5.41 was recorded from un-limed soil at Assosa
and Bambassi, respectively. The result implies that
application of 5t/ha lime to the soil improved the pH of the
soil. This might be due to liming played a significant role in
increasing the pH by displacement of H+, Fe2+, Al3+ and
Mn4+ ions from soil adsorption site and subsequent
neutralization of H+ and precipitation of Fe, Al, Mn as
hydroxides. This could be attributed to lime supplies
significant amounts of Ca and Mg. As a result, Ca and Mg
displaces H+, Fe2+, Al3+ and Mn4+ ions from soil adsorption
site and hence increased pH. This result is in line with the
findings of Onwonga et al. (2010) who reported that
application of lime tends to raise the soil pH by displacement
of H+, Fe2+, Al3+ and Mn4+ ions from soil adsorption site
and subsequent neutralization of H+ and precipitation of
Fe, Al, Mn as hydroxides.

In addition, the interaction effect of biofertilizer, organic
fertilizer, lime and inorganic fertilizers was highly (P<0.01)
affected pH at both locations (Table 4). Thus, the interaction
of SB12+MAR1495, 10t/ha FCM, 5t/ha lime and NPSB at
19-46-7-0.1 gave the maximum pH of 5.45 and 5.56 at
Assosa and Bambassi, respectively. However, the interaction
of un-inoculated, without FCM, without lime and NPSB at
9.5-23-3.5-0.05 gave the minimum pH of pH of 5.09 and
5.29 at Assosa and Bambassi, respectively.  Moreover, the
pH (5.56) recorded at Bambassi is greater than that of
Assosa. This might be due to the variation in initial soil
conditions (Table 1).

Generally, the interaction of SB12+MAR1495, 10t/ha
fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-0.1
improved the pH of the soil as compared to sole application
of biofertilizer, organic fertilizer, inorganic fertilizer and lime
at both locations. This might be due to the availability of
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higher calcium and magnesium obtained from both
combined sources. The presence of higher calcium and
magnesium displaces H+, Fe2+, Al3+ and Mn4+ ions from
soil adsorption site and hence increases soil pH. This result
is in line with the findings of Onwonga et al. (2010) who
reported that application of lime tends to raise the soil pH
by displacement of H+, Fe2+, Al3+ and Mn4+ ions from soil
adsorption site and subsequent neutralization of H+ and
precipitation of Fe, Al, Mn as hydroxides. This result is also
in agreement with the finding of Courtney and Mullen (2008)
reported that combined application of biofertilizers, organic
fertilizers, inorganic fertilizers and lime improved soil
physical (bulk density, stabilization of soil structure and
aggregate formation) properties, soil chemical (pH, base
saturation, salinity and CEC) and biological properties.

Total nitrogen
Analysis of variance showed that application of biofertilizer
to the soil through seed inoculation was highly (P<0.01)
affected total nitrogen at both locations (Table 3). As a result,
combined application of SB12 + MAR1495 strains gave the
maximum total nitrogen of 0.29 and 0.58 at Assosa and
Bambassi, respectively, which was significantly higher than
control. However, the minimum total nitrogen of 0.20 and
0.49 was recorded from un-inoculated control at Assosa and
Bambassi, respectively. The result implies that combined
application of SB12+MAR1495 strains to the soil through
seed inoculation improved the total nitrogen in the soil. The
presence of maximum total nitrogen might be due to the
addition of nitrogen to the soil through nitrogen fixation. This
result is in agreement with the finding of Li et al. (2017) who
reported that the microorganisms that are added to the soil
by seed encapsulation have notable advantages for
improving soil health and fertility through the promotion of
biological nitrogen fixation, solubilization of insoluble
phosphates, decomposition of organic matter, suppression
of soil-borne pathogens, regulation of soil biological
properties and  strengthening of the microbial community
structure, as well as preservation of the soil microbiota
balance in a continuous crop cultivation cycle.

Similar to the effect of biofertilizer, organic fertilizer was
highly (P<0.01) affected total nitrogen at both locations
(Table 3). Thus, application of 10t/ha fresh cattie manure
gave the maximum total nitrogen of 0.28 and 0.57 at Assosa
and Bambassi, respectively, which was significantly higher
than control. However, the minimum total nitrogen of 0.20
and 0.49 was recorded from the control at Assosa and
Bambassi, respectively. The result implies that application
of 10t/ha fresh cattie manure to the soil improved the total
nitrogen in the soil. This might be due to application of fresh
cattle manure releases micro and macro nutrients,
particularly nitrogen and phosphorus during decomposition.
This result is in agreement with the finding of Das et al.
(2017) who reported that application of cattle manure
stimulates soil microbial activities and their biomass, thereby
enhancing the release of organic nutrients, such as nitrogen

and phosphorus, in the soil. The result also in line with Lentz
et al. (2012) who reported that after application of organic
manure in to the soil, important micro and macro nutrients
are released into the soil during decomposition.

Similar to the effect of biofertilizer and organic fertilizer,
lime was highly (P<0.01) affected total nitrogen at both
locations (Table 3). Thus, application of 5t/ha lime gave the
highest total nitrogen of 0.28 and 0.57 at Assosa and
Bambassi, respectively, which was significantly higher than
control. However, the minimum total nitrogen of 0.20 and
0.49 was recorded from un-limed soil at Assosa and
Bambassi, respectively. The result implies that application
of 5t/ha lime to the soil improved the total nitrogen in the
soil. This might be due to liming played a significant role in
increasing the availability of nutrients by reducing soil acidity.
This might be also due to liming creating favorable
environmental condition for N-fixing bacteria’s by reducing
soil acidity as a result effective biological fixation might have
occur. Because of the above two reasons, total nitrogen
might be increased in the soil. This result is in line with the
findings of Crawford et al. (2008) reported that more than
increasing soil pH; increased availability of P, Mo and B and
more favorable condition for microbial mediated reactions
such as N2 fixation and nitrification.

Similar to the effect of biofertilizer, organic fertilizer and
lime, inorganic fertilizer was highly (P<0.01) affected the
total nitrogen at both locations (Table 3). Thus, application
of NPSB at 19-46-7-0.1 fertilizer gave the maximum total
nitrogen of 0.26 and 0.55 at Assosa and Bambassi,
respectively, which was significantly higher than application
of NPSB at 9.5-23-3.5-0.05 fertilizer. However, application
of NPSB at 9.5-23-3.5-0.05 fertilizer gave the minimum total
nitrogen of 0.23 and 0.52 at Assosa and Bambassi,
respectively. The result further implies that application of
NPSB at 19-46-7-0.1 fertilizer to the soil improved the total
nitrogen in the soil. This might be due to the addition of
nitrogen through application of NPSB at 19-46-7-0.1 fertilizer
to the soil. This result is in line with the findings of Kibblewhite
et al. (2008) who reported that application of inorganic
fertilizers increased the total nitrogen in soil.

In addition, the interaction effect of biofertilizer, organic
fertilizer, lime and inorganic fertilizers was highly (P<0.01)
affected the total nitrogen at both locations (Table 4). Thus,
the interaction of SB12+MAR1495, 10t/ha fresh cattie
manure, 5t/ha lime and NPSB at 19-46-7-0.1 gave the
maximum total nitrogen of 0.55 and 0.84 at Assosa and
Bambassi, respectively. However, the interaction of un-
inoculated, without fresh cattie manure, without lime and
NPSB at 9.5-23-3.5-0.05 gave the minimum total nitrogen
of 0.15 and 0.44 at Assosa and Bambassi, respectively.
Moreover, the total nitrogen (0.84) recorded at Bambassi is
greater than that of Assosa. This might be due to the variation
in initial soil conditions (Table 1).

Generally, the interaction of SB12+MAR1495, 10t/ha
fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-0.1
improved the total nitrogen in the soil as compared to sole

Soil Physical and Chemical Properties as Affected by Bio-, Organic and Inorganic NPSB Fertilizers and Lime in Assosa Zone, Western..
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application of biofertilizer, organic fertilizer, inorganic fertilizer
and lime at both locations. This might be due to the
availability of higher nitrogen obtained from both combined
sources. This result is in agreement with the finding of
Harleen (2016) who reported that the significant increase in
total nitrogen was observed in treatments having combined
application of biofertilizers, inorganic fertilizers, organic
fertilizers and lime. Tolanur and Badanur (2003) also
reported that available N, P and K contents increased
significantly with the application of biofertilizers combination
with inorganic fertilizers, organic fertilizers and lime over
the inorganic fertilizers alone. Kumar and Shivay (2010) also
revealed that integrated use of biofertilizers, organic
fertilizers, inorganic fertilizers and lime significantly improved
the available N and P and K contents compared to sole
application of inorganic fertilizers.

Available phosphorus
Analysis of variance showed that application of biofertilizer
to the soil through seed inoculation was not affected (P>0.05)
available phosphorus at both locations (Table 3). Unlike to
the effect of biofertilizer, organic fertilizer was highly (P<0.01)
affected available phosphorus at both locations (Table 3).
Thus, application of 10t/ha fresh cattie manure gave the
maximum available phosphorus of 7.14 ppm and 5.76 ppm
at Assosa and Bambassi, respectively, which was
significantly higher than control. However, the minimum
available phosphorus of 6.35 ppm and 5.18 ppm was
recorded from the control at Assosa and Bambassi,
respectively.

The result indicated that application of 10t/ha fresh cattie
manure to the soil improved available phosphorus in the
soil. This might be due to application of fresh cattle manure
releases micro and macro nutrients, particularly nitrogen
and phosphorus during decomposition. Also, calcium and
magnesium among macro nutrients again improves the
acidic nature of the soil and make the phosphorus available
in the soil. As a result, the phosphorus which was found
initially in the soil; phosphorus which are released in to the
soil during decomposition of organic matter; and phosphorus
which was available in the soil due to calcium and
magnesium resulted in increasing of available phosphorus
in the soil. This result is in agreement with the finding of
Das et al. (2017) who reported that application of cattle
manure stimulates soil microbial activities and their biomass,
thereby enhancing the release of organic nutrients, such as
nitrogen and phosphorus, in the soil. The result also in
line with Lentz et al. (2012) who reported that after
application of organic manure in to the soil, important micro
and macro nutrients are released into the soil during
decomposition.

Similar to the effect of organic fertilizer, lime was highly
(P<0.01) affected available phosphorus at both locations
(Table 3). Thus, application of 5t/ha lime gave the highest
available phosphorus of 7.06 ppm and 5.70 ppm at Assosa
and Bambassi, respectively, which was significantly higher
than un-limed soil. However, the minimum available

phosphorus of 6.43 ppm and 5.24 ppm was recorded from
un-limed soil at Assosa and Bambassi, respectively. The
result implies that application of 5t/ha lime to the soil
improved available phosphorus in the soil. This might be
due to liming played a significant role in reducing soil acidity
and therefore increased the availability of nutrients. This
result is in line with the findings of Onwonga et al. (2010)
who reported that application of lime tends to raise the soil
pH by displacement of H+, Fe2+, Al3+ and Mn4+ ions from
soil adsorption site and subsequent neutralization of H+ and
precipitation of Fe, Al, Mn as hydroxides. Crawford et al.
(2008) also reported that more than increasing soil pH;
increased availability of P, Mo and B and more favorable
conditions for microbial mediated reactions such as N2
fixation and nitrification and in some cases improved soil
structure and ultimately increasing the growth attributes
of soybean.

Similar to the effect of organic fertilizer and lime,
inorganic fertilizer was highly (P<0.01) affected available
phosphorus at both locations (Table 3). Thus, application of
NPSB at 19-46-7-0.1 fertilizer gave the maximum available
phosphorus of 6.89 ppm and 5.57 ppm at Assosa and
Bambassi, respectively, which was significantly higher than
application of NPSB at 9.5-23-3.5-0.05 fertilizer. However,
application of NPSB at 9.5-23-3.5-0.05 fertilizer gave the
minimum available phosphorus of 6.60 ppm and 5.37 ppm
at Assosa and Bambassi, respectively. The result further
implies that application of NPSB at 19-46-7-0.1 fertilizer to
the soil improved available phosphorus in the soil. This might
be due to the addition of phosphorus to the soil through
application of NPSB at 19-46-7-0.1 fertilizer. This result is
in line with the finding of Kibblewhite et al. (2008) who
reported that application of inorganic fertilizers increased
available phosphorus in soil.

In addition, the interaction of biofertilizer, organic
fertilizer, lime and inorganic fertilizers was highly (P<0.01)
affected available phosphorus at both locations (Table 4).
Thus, the interaction of SB12+MAR1495, 10t/ha fresh cattie
manure, 5t/ha lime and NPSB at 19-46-7-0.1 gave the
maximum available phosphorus of 7.47 ppm and 6.13 ppm
at Assosa and Bambassi, respectively. However, the
interaction of un-inoculated, without fresh cattie manure,
without lime and NPSB at 9.5-23-3.5-0.05 gave the minimum
available phosphorus of 6.07ppm and 4.79 ppm at Assosa
and Bambassi,  respec t ively.  Moreover,  availab le
phosphorus (7.47 ppm) recorded at Assosa is greater
than that of Bambassi. This might be due to the variation
in initial soil conditions (Table 1).

Generally, the interaction of SB12+MAR1495, 10t/ha
fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-0.1
improved available phosphorus in the soil as compared to
sole application of biofertilizer, organic fertilizer, inorganic
fertilizer and lime at both locations. This might be due to the
availability of higher phosphorus obtained from both
combined sources. This result is in agreement with the
finding of Kassa et al. (2014) who found that the combined
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application of fresh cattle manure with biofertilizers, inorganic
fertilizers and lime increased the amount of available
phosphorus in soil, as it helps in sustaining higher population
of several bacteria and fungi, which are capable of
solubilizing soil phosphorus. This result is also in line with
the finding of Tolanur and Badanur (2003) who reported that
available N, P and K contents increased significantly with
the application of biofertilizers combination with inorganic
fertilizers, organic fertilizers and lime over the inorganic
fertilizers alone. Kumar and Shivay (2010) also revealed
that integrated use of biofertilizers, organic fertilizers,
inorganic fertilizers and lime significantly improved the
available N and P and K contents compared to sole
application of inorganic fertilizers.

Organic carbon
Analysis of variance showed that application of biofertilizer,
inorganic fertilizer and lime were not affected (P>0.05)
organic carbon at both locations (Table 3). Unlike to the
main effects of biofertilizer, inorganic fertilizer and lime, the
main effects of organic fertilizer was highly (P<0.01) affected
organic carbon at both locations (Table 3). Thus, application
of 10t/ha fresh cattie manure gave the maximum organic
carbon of 2.98 and 3.50 at Assosa and Bambassi,
respectively, which was significantly higher than control.
However, the minimum organic carbon of 2.55 and 3.07 was
recorded from the control at Assosa and Bambassi,
respectively. The result implies that application of 10t/ha
fresh cattie manure to the soil improved organic carbon in
the soil. This might be due to the addition of organic matter
to the soil through manure application. The higher organic
matter applied, the higher organic carbon found in the soil.
The presence of higher organic carbon might be also due
to the slow mineralization of organic matter might increase
the accumulation of organic carbon in the soil. This result is
in agreement with the finding of Antil and Singh (2007)
reported that the highest soil organic carbon value was
obtained by applying cattle manure followed by poultry
manure. The result is also in line with Blanchet et al. (2016)
who found that with the application of organic manure, soil
organic carbon significantly increased by 6.2%, compared
with the application of inorganic fertilizer alone. Ozlu (2016)
also reported that applying different soil enhancers, such
as organic composts, plant residues, agricultural wastes and
inorganic fertilizers is considered an effective way to
enhance SOM and carbon concentration under different soil
types and cropping systems.

In addition, the interaction of biofertilizer, organic
fertilizer, lime and inorganic fertilizers was highly (P<0.01)
affected organic carbon at both locations (Table 4). Thus,
the interaction of SB12+MAR1495, 10t/ha fresh cattie
manure, 5t/ha lime and NPSB at 19-46-7-0.1 gave the
maximum organic carbon of 3.15 and 3.67 at Assosa and
Bambassi, respectively. However, the interaction of un-
inoculated, without fresh cattie manure, without lime and
NPSB at 9.5-23-3.5-0.05 gave the minimum organic carbon
of 2.54 and 3.06 at Assosa and Bambassi, respectively.

Generally, the interaction of SB12+MAR1495, 10t/ha
fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-0.1
improved organic carbon in the soil as compared to sole
application of biofertilizer, organic fertilizer, inorganic fertilizer
and lime at both locations. The presence of higher organic
carbon might be due to the synergetic effect of combined
resources. This result is in agreement with the finding of Li
et al. (2017) who reported that the integrated use of organic
manure and inorganic fertilizers along with biofertilizers and
lime is a promising approach in preserving soil microbial
communities and activities, which will ultimately show
positive impacts on different soil physico-chemical properties
and crop production.

Cation exchange capacity
Analysis of variance showed that application of biofertilizer
and inorganic fertilizer were not affected (P>0.05) cation
exchange capacity at both locations (Table 3). Unlike to the
main effects of biofertilizer and inorganic fertilizer, organic
fertilizer was highly (P<0.01) affected cation exchange
capacity at both locations (Table 3). Thus, application of 10t/
ha fresh cattie manure gave the maximum cation exchange
capacity of 22.85 and 26.40 at Assosa and Bambassi,
respectively, which was significantly higher than control.
However, the minimum cation exchange capacity of 21.37
and 24.91 was recorded from the control at Assosa and
Bambassi, respectively. The result implies that application
of 10t/ha fresh cattie manure to the soil improved cation
exchange capacity in the soil. This might be due to
application of cattle manure provides organic matter to the
soil. As a result, the organic matter releases the cations
such as calcium and magnesium in to the soil during
decomposition, thus improved the cation exchange capacity
of the soil. This result is in agreement with the finding of
Das et al. (2017) who reported that application of cattle
manure increases cation exchange capacity, which is a
very important indicator for retaining nutrients and making
them available to plants. This result is also similar with
Miller et al. (2016) found that decomposition of organic
matter increases the CEC due to an increase in the
negatively charged sites on carboxyl and phenolic groups.

Similar to the main effect of organic fertilizer, lime was
highly (P<0.01) affected cation exchange capacity at both
locations (Table 3). Thus, application of 5t/ha lime gave the
highest cation exchange capacity of 22.44 and 25.99 at
Assosa and Bambassi, respectively, which was significantly
higher than un-limed soil. However, the minimum cation
exchange capacity of 21.78 and 25.33 was recorded from
un-limed soil at Assosa and Bambassi, respectively.

The result indicated that application of 5t/ha lime to the
soil improved cation exchange capacity in the soil. This might
be due to liming the soil supplies significant amounts of
exchangeable cations such as calcium and magnesium in
to the soil. The presence of exchangeable cations in soil
increases the cation exchange capacity of the soil. This result
is in line with the findings of Graham et al. (2002) who
reported that liming play a vital role in increasing the cation
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exchange capacity by supplying exchangeable cations to
the soil.

In addition, the interaction effect of biofertilizer, organic
fertilizer, lime and inorganic fertilizers was highly (P<0.01)
affected cation exchange capacity at both locations (Table 4).
Thus, the interaction of SB12+MAR1495, 10t/ha FCM, 5t/
ha lime and NPSB at 19-46-7-0.1 gave the maximum cation
exchange capacity of 23.75 and 27.30 at Assosa and
Bambassi, respectively. However, the interaction of un-
inoculated, without fresh cattie manure M, without lime and
NPSB at 9.5-23-3.5-0.05 gave the minimum cation
exchange capacity of 21.40 and 24.97 at Assosa and
Bambassi, respectively. Moreover, the cation exchange
capacity (27.30) recorded at Bambassi is greater than that
of Assosa. This might be due to the variation in initial soil
conditions (Table 1).

Generally, the interaction of SB12+MAR1495, 10t/ha
fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-0.1
improved cation exchange capacity in the soil as compared
to sole application of biofertilizer, organic fertilizer, inorganic
fertilizer and lime at both locations. This might be due to the
availability of exchangeable cations obtained from both
combined sources. This result is in agreement with the
finding of Courtney and Mullen (2008) reported that
combined application of bio-, organic and inorganic fertilizers
and lime improved soil physical (bulk density, stabilization
of soil structure and aggregate formation) properties, soil
chemical (pH, base saturation, salinity and CEC) and
biological properties. This result is also in line with the finding
of Li et al. (2017) who reported that the integrated use of
organic manure and inorganic fertilizers along with
biofertilizers and lime is a promising approach in preserving
soil microbial communities and activities, which will
ultimately show positive impacts on different soil physico-
chemical properties and crop production.

CONCLUSION
As a conclusion, from this experiment it was noted that bulk
density was highly affected (P<0.01) by organic fertilizers,
lime and the interactions of bio-organic and inorganic
fertilizers and lime, while it was not affected (P>0.05) by
both biofertilizer and inorganic fertilizer at both locations.
pH was highly affected (P<0.01) by organic fertilizers, lime
and the interactions of bio-, organic and inorganic fertilizers
and lime, while it was not affected (P>0.05) by both
biofertilizer and inorganic fertilizer at both locations. Total
nitrogen was highly affected (P<0.01) by bio-, organic and
inorganic fertilizers and lime and their interactions at both
locations. Available phosphorous was highly affected
(P<0.01) by organic fertilizers and inorganic fertilizers and
lime and their interactions, while was not affected (P>0.05)
by biofertilizers at both locations. Organic carbon was highly
affected (P<0.01) by organic fertilizers and the interactions
of bio-, organic and inorganic fertilizers and lime, while it
was not affected (P>0.05) by biofertilizer, inorganic fertilizer
and lime at both locations. Cation exchange capacity was
highly affected (P<0.01) by organic fertilizers, lime and the

interactions of bio-, organic and inorganic fertilizers and lime,
while it was not affected (P>0.05) by both biofertilizer and
inorganic fertilizer at both locations. The maximum bulk
density, pH, total nitrogen, available phosphorus, organic
carbon and CEC were recorded from combined use of
SB12+MAR1495, application of 10t/ha fresh cattie manure,
application of 5t/ha lime, application of NPSB at 19-46-7-
0.1 fertilizer and the interaction of SB12+MAR1495, 10t/ha
fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-0.1.
Despite the individual role of bio-, organic and inorganic
fertilizers and lime; their interaction effects has more
pronounced effect in improving soil physico-chemical
properties. Finally, the interaction of SB12+MAR1495, 10t/
ha fresh cattie manure, 5t/ha lime and NPSB at 19-46-7-
0 .1  improved the bulk density,  pH, to tal nitrogen,
available phosphorus, organic carbon and CEC of the
soil as compared to sole application of biofertilizer,
organic fertilizer, inorganic fertilizer and lime at both
districts and should be adopted appropriately to improve
soil physico-chemical properties at both districts and
similar agro-ecologies.
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