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ABSTRACT

Acidic soils limit the production potential of crops because of low availability of basic cations and
excess of hydrogen (H") and aluminium (AI3+) in exchangeable forms. In the western part of the
country such as Assosa and Wellega, soil acidity is a well-known problem limiting crop productivity.
A field study was conducted to assess the effects of lime, vermicompost and their combinations on
selected soil physico-chemical properties and responses of soybean grown on acidic Nitisols of
Assosa area during 2016 and 2017 main cropping seasons. Soil samples were collected from the
experimental site before planting and from plots after harvesting. The collected samples were
analysed following the standard methods for soil physico-chemical analysis. The treatments were
factorial combinations of four levels of lime (0, 1.62, 3.62 and 4.90 t ha™') and four levels of
vermicompost (0, 1.50, 3.00 and 4.50 t ha'1). The results revealed that soil pH increased from 5.31
— 5.86 pH while exchangeable acidity decreased from 5.46 - 2.85 cmol (+) kg™ with levels of lime
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production.

and vermicompost (3.26 with 3 and 4.90 with 4.5) t ha™ respectively, which resulted in improved
soil physico-chemical properties. The combined application of lime and vermicompost also
significantly improved the yield related parameters of soybean. The maximum grain yield (1.95t
ha'1) was obtained from the combined application of 4.90 ton lime and 3.00 ton vermicompost ha™
followed by combined application of 3.26 ton lime with 3.00 ton vermicompost ha™ with non-
significant variation. Therefore, the combined application of 3.26 ton
vermicompost ha” is a promising alternative amendment for amelioration of acidic Nitisols of
Assosa (Amba-12 Kebele) and other similar agro-ecologies for the improvement of soybean

lime and 3.00 ton

Keywords: Soybean yield; lime; vermicompost and soil acidity.

1. INTRODUCTION

Soybean (Glycine max L.) is one of grain
legumes grown in ftropical, subtropical and
temperate climates. Globally, soybean
production has increased by a factor of eight in
the last half-century to reach its present level,
about 100 million metric tons per year [1]. Due to
the economic advantages, it has led many
countries to start large scale production of this
crop. Soybean is an important source of
inexpensive and high-quality protein and oil. With
an average protein content of 40% and olil
content of 20%, it is second to groundnut in
terms of oil content among food legume crops

121.

Soybean is one of the most important feed stuffs
for livestock either in form of forage (as hay and
silage) or soybean meal [3]. Because of its high
quality protein content, soybean can also
compensate for the expensive animal proteins to
overcome malnutrition. Since its oil content is
high (20% and above), soybean is also used for
edible oil production in Ethiopia. Faffa Food
Share Company, East African Flour Factory, and
Health care food manufacturing private limited
companies etc. are some of the companies use
both local and imported soybeans for the
preparation of enriched food products for children
and adults [4].

According to Agricultural Sample Survey of CSA
(Centeral Statics Agency) [5] there are
140,263.00 private peasant holdings that
cultivate about 38,166.04 hectares of land and
produced 812,418.33 quintals of soybean. The
average production of soybean in the country is
therefore, 2.13 t ha™ while, that of Assosa area is
by far below (1.3 t ha™) the national average due
to soil acidity [5]. Grain legumes occupy about
14% of cultivated land in Ethiopia and their
contribution to agricultural value addition is
around 10%. Pulses are the fourth-largest export

crop of Ethiopia after coffee, oilseeds and
flowers, contributing 7% share in total export
earnings [6].

Despite its growing demand in the international
market, there is a chronic shortage of supply in
Ethiopia. Several abiotic factors contributed to
low productivity which includes poor soil fertility,
acidity of the soil in high rain fall areas and low
existence of effective indigenous rhizobia
population in the area [7]. Soil acidity is one of
the biotic factors that are globally known to
reduce nodulation and yield of soybean. Since
soils in the highlands of western Ethiopia where
soybean is produced ranges from moderately to
strongly acidic, it might significantly reduce the
nodulation potential of the crop.

In Ethiopia, acidity-related soil fertility problems
are the main production constraints, reducing the
productivity of major crops grown in the country
[8,6]. About 41% of the total land area of the
country has an acidic reaction while, 33% of the
soils in these areas have Al toxicity problem [9].
Soil nutrient depletion, erosion and leaching of
basic cation are also very widespread crop
production constraint in Western Ethiopia [10]. In
the western part of the country such as Assosa
and Wellega, soil acidity is a well-known problem
limiting crop productivity. In these areas, 67% of
soils have pH values less than 6 with the ranges
varying from extremely acidic to moderately
acidic [11].

Several agricultural practices have been
recommended to overcome soil acidity problems
for crop production worldwide. Among them, the
most common and widely used practice is liming,
which is the application of ground calcium and/or
magnesium carbonates, hydroxides, and oxides
aiming at increasing the soil pH and
subsequently, modifying soil physical, chemical
and biological properties [12]. Because of its
great ameliorative effect on soil acidity, lime is



commonly called the foundation of
production or “workhorse” in acid soils [13].

crop

Upon liming, numerous authors have reported
decreases of A" in the soil solution as well as
from the exchange complex [14]. [15] reported
that liming has improved soil structure, whereas
[13] reported, significant increases in crop yield
upon liming acidic soils. Liming does also have a
significant effect on P uptake by plants [13],
abundance and diversity of earthworms and
organic matter decomposition and nutrient
mineralization [16]. However, over liming may
reduce crop vyield by inducing P and
micronutrient deficiencies [13].

Organic fertiliser application has been reported to
improve crop growth by supplying plant nutrients
as well as improving soil physical, chemical, and
biological properties [17]. Vermicompost (VC) is
one of the stabilised; finely divided organic
fertilisers with a low C: N ratio, high porosity, and
high water-holding capacity, in which most
nutrients are present in forms that are readily
available for plants [18]. Obtaining earthworms
from vermiculture activity would be one-time cost
in any vermiculture technology as the
earthworms multiply rapidly creating huge
population of worms which further promote and
enhance the process [19]. When the organic
material passes through the gut of the
earthworm, it again increases the surface area of
the material so that the microorganisms can
break it down further. The undigested materials,
or castings, are fertile and rich in nutrients [20].
They contain nutrients such as nitrates,
exchangeable phosphorus, and soluble
potassium, calcium, and magnesium for plant
growth [19]. There is an increasing interest in the
potential use of VC as soil amendment [21]
Application of VC showed marked improvements
in the overall physical and biochemical
properties, and at the same time, VC decreases
exchangeable acidity which can support a
release of plant nutrients in the acidic soils [22].
Current trends in agriculture are centered on
reducing the use of inorganic fertilisers by bio-
fertilisers such as VC [23]. There is good
evidence that VC application promotes growth of
plants and positive effect on growth and
productivity of cereals and legumes [24]. When it
is compared with conventional compost, VC
promotes growth from 50 to 100% over
conventional compost and from 30 to 40% over
chemical fertilisers [19]. The combined
application of inorganic and organic fertilisers is
widely recognised as a way of improving
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productivity of the soil sustainably [25]. Several
researchers [26,27,19], have demonstrated the
beneficial effect of integrated nutrient
management in mitigating the deficiency of
several macro- and micronutrients.

The combined application of lime and organic
materials could be an alternative for controlling
soil acidity with reasonable cost for sustainable
crop production in low input agriculture.
Vermicompost and lime amendment have been
reported to be suitable for humid tropical soils
[28] to improve its physical and chemical
properties. It has also been reported that
combined applications of vermicompost and lime
enhanced biological activity and soil organic
carbon accumulation [29]. Furthermore, organic
matter application to acidic soils improved
availability of nitrogen, phosphorus and sulfur
[30].

Application of lime and organic fertiliser at the
same time produced highest nodule number;
nodule volume and nodule dry weight per plants
of all the combinations [31,32,33]. Nevertheless,
some studies have compared separately the
effects of lime and manure in ameliorating soil
acidity [34]. Information is scarce regarding the
use of ameliorating effects of combining
vermicompost and lime on acidic nitisols of
Assosa areas for crop production in general and
soybean in particular. Therefore, the objectives
of this study were: General objective:

% To evaluate the combined uses of
vermicompost and lime as amendment for
ameliorating acidic soil for crop production.

Specific objectives:

v To assess the combined effects of
vermicompost and lime on selected soaill
physico-chemical properties.

v" To investigate the response of soybean to
the application of different combined rates
of vermicompost and lime on acidic
nitisols.

2. MATERIALS AND METHODS

2.1 Description of the Study Site

The study was carried out at Assosa Agricultural
Research Center (AsARC) in Amba-12 Kebele,
one of the federal research centers of the



Ethiopian Institute of Agricultural Research
(EIAR) in Benshangul Gumuz Regional State.
AsARC is found at 680 km far from Addis Ababa
to the North West direction. Geographically, it is
located at 10°02' 47”N latitude and 34°34 27" E
longitude with an altitude of 1560 meters above
sea level (Fig. 1). Agro-climatically, it has been
characterised by hot to warm moist lowland plain
with unimodal rainfall distribution pattern. The
rainy season starts at the end of April and lasts
at the end of October with maximum rainfall from
June to October. The mean annual rainfall of the
years (2016-2017) was 1407.8 mm. The mean
annual minimum and maximum temperatures of
the area for the same years were 18.12 and
30.9°C, respectively. The amount of rainfall
observed during the growing year was showed

(Fig. 1).

2.2 Soil Sampling and Vermicompost
Characterisation

2.2.1 Soil sampling and analysis before
planting

Seven disturbed sub-samples were collected
from about 0.09 ha of land in the experimental
site using a stainless steel soil augur at a depth
of 0-15cm. a composite soil sample was
prepared by thoroughly mixing these sub
samples. The undisturbed soil samples were
used to determine bulk density by core sampler
weighing at field moisture content and then dried
in an oven at 105°C and Porosity was
determined using the following equation.

f=1-(pbsps) (1)

Where, f = total porosity, pb bulk density and Ps
= particle density (2.65 g cm?®), while, the
disturbed composite soil samples was analysed
for particle size distribution (soil texture) which
was done by Bouyoucos hydrometer method as
described by Bouyoucos (1962) that are among

the physical soil parameters while, soil
exchangeable acidity, exchangeable bases,
soil pH, organic matter, total N, available

phosphorus and cation exchange capacity (CEC)
for soil chemical analysis were selected and all
are determined following the standard
procedures.

Adisu et al.; IJPSS, 27(2): 1-18, 2019; Article no.lJPSS.44605

2.2.2 Vermicompost sampling and analysis

The known earth worm species (Eisenia fetida)
using soybean (crop residues) and cow manure
(wastes) were used for vermiculture preparation.
The dried plant residues were chopped and then
mixed with cow manure (in ratio of 7 parts of cow
manure and 3 parts of waste, dry weight basis).
The mixture allowed moisturising for two weeks
and earthworms were added to the prepared
bedding materials on the box. The moisture
content was maintained at 60-70% by regular
addition of water using water cans. After two
months cast (vermicompost vyield) were
harvested and Five sub-samples were taken
from the prepared cast to make one composite
sample and then air dried, ground and sieve.
Then, it was subjected to the analysis of pH, OC,
N, P and total (Ca, Mg, and K) following standard
procedures. The C:N ratio was estimated from
OC and N contents of the vermicompost.

Table 1. Selected physico chemical
properties before planting

Soil properties Unit Value
Sand (%) 32.6
Silt (%) 10.6
Clay (%) 56.8
Textural Class Clay
Bulk density (gm cm™®) 1.36
Porosity (%) 48.6
Ph(1:2.5) H20 5.3
Ex. Acid (cmolkg”’) 4.8
Ex.Al (cmolkg?) 3.8
ocC (%) 1.73
TN (%) 0.2
av. P (mg kg-1) 5.5
Ca (cmol kg™ 2.55
Mg (cmolkg’)  0.58
K (cmolkg™) 1
Na (cmolkg™)  0.21
CEC (cmolkg’) 10
ECEC (cmolkg")  9.17
PBS (%) 437
PAS (%) 48

2.3 Lime Requirement Determination

The amounts of lime to be applied was
determined based on the exchangeable acidity,
mass per 0.15 m furrow slice and bulk density of
the soil.
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Fig. 1. Monthly total rain falls for 2016 and 2016 crop growing seasons and the 30 year average
rainfall at Assosa and around the trial farm

Table 2. Chemical properties of vermicompost used for the study

Parameters  pHi20) oC TN C:N TP Basic cations (cmol (+) k9'1)
(%) (%) (mgkg") "Ca Mg K
VC 7.86 7.58 0.40 18.95:1  273.56 14.05 8.00 6.68

Key: VC: vermicompost

Table 3. Calculated lime quantity (t ha'1) based on exchangeable acidity

% of lime rates 33.3

66.7 100

0
Lime tha™ 0 1.62

3.26 4.90

LR, CaCO, (kg/ ha) = (2)
cmolEAl kg of soil *10* m* * B.D.(Mg/m®) *1000

2000

Where: EA = 4.8cmol kg’ of soll
B.D = 1.36 gm cm™

4.8cmol
kgsoil

Mg
*10,000m2 *0.15m * * 1000

2000 = 4,89%kg/ha

2.4 Experimental Design and Treatments

The experiment consisting of 16 treatments were
conducted during the 2016 and 2017 cropping
season (June to November) for two years. The
treatments comprised of four levels (0, 1.50, 3.00
and 4.50 t ha™") of vermicompost and four levels
of lime (0, 1.62, 3.26 and 4.90) t ha™' based on
the exchangeable acidity of the soil. The
experiment was laid as Randomized Complete
Block Design (RCBDg and replicated three times
in 3 m by 2 m (6.0 m®) plot size. Prior to planting
the land was ploughed to a depth of 15 cm using

oxen. Vermicompost and lime were uniformly
surface broadcasted and then incorporated to the
respective plots within 15 cm soil depth a month
before planting.

2.5 Experimental Procedures

Bradyrhizobium japonicum strain was collected
from Holeta Agricultural Research Center,
Holeta, Ethiopia. Before planting, the soybean
seeds were immersed in a luke warm water for
few minutes and then 5g of Bradyrhizobium
Japonicum per 1kg of seed (recommended rate)
was inoculated just before planting under shade
to maintain the viability of cells and seeds were
air dried for some time before sowing.
Phosphorus fertiliser recommended P (46 kg
P,Os ha™ from TSP) was applied at planting and
the inoculated seeds were planted to the plots on
July 13, 2016 and on the month in 2017. The
seeds were sown in rows to maintain plant to
plant distance of 5 cm and 60 cm between rows.
The cropping was done by rain fall without any
germination and seedling establishment problem.



The experimental field was weeded by hand five
times during the growing period. Harvesting was
done when the leaves of the soybean plants
senescent and showed yellow collation of leaves
and pods start to open.

2.6 Data Collection and Measurements

Yield and yield related parameters like, plant
height, Nodulation and nodule data, Number of
pods per plant Number of seeds per pod,
Hundred seeds weight (g) and Grain yield of
soybean (t ha) were collected and soil chemical
properties after harvest were collected.

2.7 Statistical Analysis

The data was subjected to analysis of variance
(ANNOVA) by following the standard procedure
[35] then analysed using Statistical Analysis
System SAS software version 9.1. Significant
mean of the treatments were delineated by
Tukey’s Test comparison at p< 0.01 or p < 0.05.
Correlation analysis was carried between the
parameters to determine the magnitude and
degree of their relation.

3. RESULTS AND DISCUSSION

3.1 Ameliorative Effects of Lime and
Vermicompost on Soil Chemical
Properties

3.1.1 Soil pH and exchangeable acidity

Soil pH values were highly significant at both
years of experiment (p < 0.01) after harvest of
2016 and 2017 cropping seasons (Table 4). In
both seasons, combined analysis results showed
that application of lime alone (main effect)
recorded the highest value for soil pH water were
5.86 which increased by more than 10.35% over
the control. i.e equivalent to change in the soil
reaction from strongly acidic to moderately
acidic. On the other side, the exchangeable
acidity highly reduced due to the application of
lime from 5.46 to 2.48 (cmol (+) kg™ it was about
more than 47.8% reduced the exchangeable
acidity and the same on exchangeable
Alummunium.

Main effect of vermicompost showed slightly
significance on the analysis result and changed
in soil pH from 5.56 (control) to 5.62 with level of
4.50 t ha™. Increase in soil pH over the control
due to the application of vermicompost was also
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reported by [36]. Hence, vermicompost alone has
also an effect on soil pH since; it can contribute
basic cations that neutralise soil acidity through
hydrolysis reaction. The increase was attributed
to the displacement of AI** and H* ions from soil
sorption sites by Ca®* content in lime. In addition,
the OH ions and Mg2+ ions released through
vermicompost decomposition ma%/ have also
contribute to the complexation of AI°* and H" ions
in the soil. Similar explanations were made by
[37,38] who reported that application of lime
combined with organic materials like manure
increased soil pH.

3.1.2 Soil exchangeable bases (Ca, Mg and K)

Soil exchangeable bases (Ca, Mg and K) and
CEC values were significant at both years of
experiment (p < 0.01) after harvest of 2016 and
2017 cropping seasons. In both seasons,
combined analysis results showed that main
effect of lime recorded the highest value for soll
ex. Ca was 6.15 which increased by more than
119.6% over the control (2.8. cmol (+) kg™'). Even
though, there were no interaction effect
statistically at field condition Soybean also had
good performance with combined application of
lime and vermicompost at the rates 3.26 and
4.50 t ha, respectively (Table 5). Probably, this
higher ex. Ca®'content from the combination of
lime and vermicompost might be attributed to the
release of Ca®* ions in lime through its
dissolution  and mineralisation  of  the
vermicompost. This agrees with [39] who
reported increase of exchangeable Ca after
application of manure alone and combined with
lime. Similarly, [36] found significant increase in
soil exchangeable Ca when lime applied to acidic
soils with manure. Several authors reported that
combined application of organic matter such as
manure, compost and vermicompost with liming
improved the soil chemical properties: pH,
exchangeable Ca and microbial activity [38,3,40].

Main effect of vermicompost increased soil ex.
Ca by 35% over the control plots (4.862.8. cmol
(+) kg with the application of 4.5 t ha™.
However, ex. Ca content of soils from plots
treated by 3.00 t ha' vermicompost was non
significance difference with 4.5 t ha™'. These
result are clear in this study as it was found that
soil exchangeable Ca was positively and
significantly correlated to soil pH (R = 0.802: p <
0.01). This indicates ex Ca is much more
affected by soil pH. This is also in-line with the
report of [41].



Main effect of lime on ex. Mg and K showed
significance with the magnitude of 163 and
30.68% respectively over the control. In the
current study, there was significant, positive
relationship between soil pH and soall
exchangeable Mg (R? = 0.846; p< 0.01), which
shows the importance of soil pH improvement to
enhance soil Mg availability (Table 5). According
to [36], the availability of Mg in acid soils is
reduced under low soil pH as the sail
exchangeable sites are depleted of Mg, creating
an imbalance of these nutrients. Therefore, its
increase may be a result of improved soil
conditions (acidity) due to improved organic

matter and application of lime.
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CEC showed significance difference on main
effect of lime and vermicompost. Application of
lime the rate of 4.5 t ha™ increased 20.36% over
the control. Whereas, vermicompost with the rate
of 3t ha applied was increased more than
26.7% over the control. The correlation analysis
of the results also indicated significant, positive
relationship between soil pH and CEC of soil (R?
= 0.645; p< 0.01). This clearly shows significant
effect of soil pH on CEC. Therefore, any
management option that can improve soil pH
could increase CEC of soil and subsequently sail
fertility.

Table 4. Effect of lime and vermicompost on soil pH and exchangeable acidity

Treatment Soil PH(H,0) Ex. Acid (cmol(+) kg'1 Ex. AI(cmoI(+)kg'1
Lime rate(t ha'1)

0 5.31° 5.46° 2.76
1.62 5.40° 4.13° 2.08
3.26 5.72° 3.6° 1.36
4.9 5.86° 2.85¢ 1.02
Sig. - . .
Vermicompost (t ha'1)

0 5.56" 4.65 2.04
15 5.40° 4.07 1.84
3 5712 3.88 1.69
45 5.62% 3.44 1.66
LSD (5%) 0.15 0.48 0.4
CV (%) 25 10.9 22
Sig. * Ns Ns

Ex.acd: Exchangeable acidity and Al: Exchangeable Al, VC: vermicompost and LM: lime

Table 5. Effect of lime and vermicompost on soil exchangeable base and CEC

Treatment Ca (cmol(+) kg'1 Mg (cmol(+) kg'1 K(cmol(+)kg'1 CEC (cmol(+) kg'1
Lime rate(t ha'1)

0 2.8° 1.46° 0.88° 13.26°
1.62 4.68° 2.68° 1.12 10.97°
3.26 5.54° 3.25° 1.14° 15.48°
4.9 6.15° 3.85° 1.15° 15.96°
Sig *%k * * *
Vermicompost (t ha'1)

0 4.86° 2.87 1.07 12.23¢
1.5 3.91° 2.44 0.95 14.35°
3 5.2° 3.17 1.18 15.50?
4.5 5212 2.76 1.07 13.55°
LSD (5%) 0.6 0.44 0.152 5.4
CV (%) 15.9 18.7 17 0.63
Sig. * Ns Ns *

VC: Vermicompost and LM: Lime



3.1.3 Percent base saturation and percent
acid saturation (PBS and ASP)

Combined or solo application of the amendments
increased the percent base saturation with
increase respective levels (Fig. 2). Application of
lime alone caused an increase in PBS of the soil
from the treated plots by 33 - 95%) over the
control plot. The change in PBS (71.73) was
recorded for soil from plots received with
combined application of lime and vermlcompost
at the rates of 3.26 and 4.50 t ha™'. The lowest
PBS (37.31) and highest PAS (53.33) were
recorded for soil from the control plot.

3.1.4 Soil organic carbon, total nitrogen and
available phosphorus

Soil available phosphorus (Av.P) values were
showed statically on main effect of both lime and
vermicompost slightly significant on application of
treatments but no interaction effect (Table 6).
Application of lime alone slightly increased soil
(Av.P) with increasing rates. The magnitude of
increment was in the range 16 - 27% over the
control respective of its level. Liming of acidic
soils could increase soil pH, which enhances the
release phosphate ions fixed by Al and Fe ions
into the soil solution [40]. Similarly, [42] showed
that deficiency of P could be corrected thought
liming acid soil to increase the pH more than 6.

The increment of av. P on application of
vermicompost 4.5 t ha-1 was about 18.9%. This
might be due to mineralisation of vermicompost.
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It was suggested by [43], further decomposition
of vermicompost could release organic
substances that can form complex with ions of
Fe and Al in soil solution consequently prevents
phosphorus fixation. This gradually neutralises
soil acidity and hence makes fixed phosphorus
available in the soil solution [44]. This result
agreement with [45] who reported increased soil
av.P with application of goat manure. Therefore,
application of vermicompost to acid soil could
increase av.P contents of soil through releasing
of P in it and also by increasing soil pH which
reduces P fixation.

Table 6. Effect of lime and vermicompost on
soil available P, total N and organic carbon

Treatment Av. P Total %OC
mg Kg" N (%)
Lime rate(t ha™)
5.56d 0.14c 1.67
1.62 6.46¢ 0.16b 1.57
3.26 6.78b 0.16b 1.71
4.9 7.07a 0.18a 1.76
Sig. > * Ns
Vermicompost (t ha™)
0 6.23 0.15 1.69
1.5 6.11 0.16 1.57
3 6.11 0.16 1.66
4.5 7.41 0.17 1.78
LSD (5%) 0.26 0.035 0.22
CV (%) 4.76 10 155
Sig. Ns Ns

LM: lime t ha’; VC: vermicompost t ha ava.P:
avallable phosphorus mg kg so:l
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Fig. 2. Changes of PBS and PAS with increases in rates of the treatments after harvesting
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Table 7. Correlation analysis among soil chemical properties

Soil PH Ex acid EX.al AV.P Tot N ocC Ex K EXCa ExMg Ex Na ECE PBS PAS
parameters

PH 1

Ex acid -0.7977 1

EX. Al -0.8317 09117 1

AV.P 0.415™ 0687 -0.655 1

Tot N 0.8117  -0.7937 -0.753"° 0.395"° 1

ocC 0.565 -0.389"°  -0.342"  0.505 0.474™ 1

Ex K 0.798"  -0.7337 -0.654°  0.375"° 0.709" 0.343%° 1

EX Ca 0.803°  -0.836  -0.850" 0.715° 0.603" 0.470"  0.786° 1

Ex Mg 0.846°  -0.837° -0.861° 0.559"°  0.757° 0434 0837 0.895 1

Ex Na 0.479"  -0612° -0.512°  0.295" 0.522° -0.023"  0.7297 0475 0573 1

ECE 0.645  -0.430"° -0.565  -0.034"°  0.552° 0.178"  0.275" 0291 0.321"  0.053%° 1

PBS 0.808"  -0.845" -0.893° 0690 0657  0467"° 0.735 0938 0899 0460  0364" 1
PAS -0.771 0.960 0.921 -0.669 -0.848 -0.371"  -07117 -0.786" -0.808 -0.543 -0.503" -0.806 1

NS: non-significant; * significant and ** highly significant at 5% probability level; PBS: Percent base saturation: PAS percent acid saturation; ECE: cation exchange capacity; Ex
(K, Ca, Na, Mg): Exchangeable Potassium, Calcium, Sodium and Magnesium) respectively; OC: organic carbon; Ex. Al: Exchangeable Aluminum and Ex. acid: Exchangeable

acidity



On the same manure soil total N and OC also
shows improvement on both main effects of lime
and vermicompost and all were on medium to
very high range from the very low rate as before
experiments’ soil results (Table 1). The
increment in soil OC and total N contents due
lime and vermicompost application, (sole or
combined) might be associated with the
improvement of soil conditions, which might be
enhanced biomass production, proliferation of
soil microbial and their activity in the soil. [46]
also attributed increase in soil organic carbon to
the dropping of leaves, which added organic C to
the soil. The increment in total nitrogen content
of the soil due the amendments might be due to
addition/improvement of the organic matter
content of the soil. (This agrees with the results
reported by [46,47,48] who reported application
of organic materials like compost and manure
had significant increased soil total nitrogen and
organic carbon.

3.2 Response of Soybean to Lime and
Vermicompost on Nodulation

3.2.1 Soybean nodulation
3.2.1.1 Number of nodules per plant

The number of nodules per soybean plant was
significantly (p < 0.01) affected by vermicompost
and lime rates. Similarly, the interaction effects of
different rates of lime and vermicompost were
highly significant (P < 0.01) on number of
nodules (Table 8).

Application of vermicompost alone, at the rate of
4.50 t ha™' produced the highest nodules number
per plant (69.5) which was about 172.5%
increment over the control treatment (25.5
nodules per plant). This could be possibly due to
the increased soil organic carbon, nitrogen
available P and favorable pH range (> 5.5) for
proliferation of nodule forming Bradyrhizobium
bacteria. [49] also recorded 39% of significant
increase in number of nodules as a result of
manure application to soybean crop.

Main effect of lime also produced highly
significant difference in nodulation among
treatments within its levels and about 37-122.7%
increments over the control. This observation
agrees with France and Day (1980) who reported
increased nodulation and nitrogen fixation of
Phaseolus vulgaris (L.) in the acid soils of Brazil
as a result of liming.
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Furthermore, combined application of lime and
vermicompost showed significant differences in
number of nodules per plant among treatments,
but there were slight differences within the rates.
This finding showed that there was positive effect
on number of nodules by application of
vermicompost alone and combined with lime
(Table 8). The soil of the experiment site was
strongly acidic, moderate in N and low in P and
other plant nutrients. Application of
vermicompost might be contributed not only by
supplying nutrients (including N, P, K and
micronutrients) through mineralisation but also by
making P available to the plant as result of its
liming effect.

Furthermore, vermicompost is known by its
ability of improving soil physical properties such
as structure which in turn improves soil moisture,
microbial activity and makes nutrients available
[50]. This result agrees with [31] report that
application of lime and organic fertiliser at the
same time produced more nodule number,
nodule volume and nodule dry weight per plants
of all the combinations.

3.2.1.2 Number of effective nodules per plant

Active nodules were selected by their reddish to
pink colour indicating intact leghemoglobin in the
infected zone at flowering stage. Analysis of
variance showed significant variation on number
of effective nodule per plant for lime and
vermicompost application (p < 0.01) and (p <
0.05) respectively. On the other hand, the two-
way Anova interaction effects (LR*VC) were non-
significant (P > 0.05) on effective nodule per
plant (Table 9).

The favorable response to vermicompost
application might be due to nutrient availability of
plants as a result of fast mineralisation [51].
Organic matter increases the moisture retention
of soil and improves soil structure and in turn soil
porosity which allows better root growth and
hence active nodules and better grain yield [52].
In addition vermicompost supply necessary
nutrients (N, P, K and Fe) important for nodules
formation and Rhizobia bacteria are sensitive to
soil acidity and require P, adequate soil moisture
for their multiplication [53]. Phosphorous present
in the vermicompost perhaps resulted in positive
effect of vermicompost on  nodulation.
Phosphorous and FYM have been reported to
improve both the total and active nodules and
nodule dry weight [54]. This contradicts with
reported by [50] in which manure application did



not improve nodulation of Lima beans, Lablab,
Common beans and Green grams.

The lowest number of effective nodules was
recorded from the un-amended treatments. This
poor performance under control may be due to
prevalence of soil acidity and lower soil fertility

status that acts as inhibitors for rhizobial
population development and hence their
performance. Deficiencies of soil nutrients,

especially P may restrict the development of a
population of free-living rhizobia in the
rhizosphere, limit the growth of the host plant,
restrict nodulation itself, and cause an impaired
nodule function [55,56].

3.2.1.3 Nodule volume per plant

The volume of nodules per soybean plant was
significantly affected by the treatments of
vermicompost and lime (p< 0.01). The two-way
ANOVA showed significant interaction effects
(P<0.05) on volume of nodules per plant
(Table 10).

Combine application of 3.26 t ha™of lime with 3 t
ha”of vermicompost gave the highest nodule
volume (9.3 ml). It could be due to the ability of
the two materials in improving the growth
environment such as soil pH and availability of
nutrients required by plants and Rhizobium [57].
This finding is in agreement with reports of [31]
who observed lime and Bradyrhizobium
Japonicum at the same time produced the highest
nodule volume on soybean crop. [33] and [32]
also reported combined application of Lime and
Bradyrhizobium produced the highest nodule

Adisu et al.; IJPSS, 27(2): 1-18, 2019; Article no.lJPSS.44605

3.2.2 Plant height

Analysis of variance on soybean plant height
showed significant difference among the applied
treatments. Moreover, interaction effect of
different rates of lime and vermicompost were
highly significant (P <0.01) on plant height
(Table 11).

Soybean grown in lime treated soil had
significantly effect (p <0.05) on plant height
compered to grown in non limed soils with
increasing levels, i.e 21.1 - 36.4% increaments
over the control treatment. Similarly, significant
effect observed on vermicompost application
alone on soybean growth at the rate of 4.50 t ha™
which gave the highest plant height (66.46 cm)
but lodging effect was observed. It is also
interesting to refer the beneficial effect of
vermicompost in relation to plant height
increment. The highest plant height (67.20 cm)
was recorded from the application of combined
326 t ha' of lime and 3.00 t ha’ of
vermicompost.

Vermicompost alone or combined with lime
increased soybean growth. Vermicompost might
have provided different nutrients and together
with lime improved soil environment and
enhanced mineralisation. These results are
similar with the results reported by several other
researchers [58,59].

Organic matter is a reservoir of nutrients that
are released through mineralisation and
are availed for plant growth [60]. The nutrient
content of the vermicompost was fair (Table 6),

number, nodule volume and nodule dry weight and the quantity applied must have
per plant.
Table 8. Effect of lime and vermicompost on number of nodule per plant of soybean
Lime rate(t ha'1) Vermicompost rate(t ha'1)
0 1.50 3.00 4.50 Mean
0 25.5° 32.5° 66 69.5° 48.38
1.62 35° 50° 52,73 53.67° 47.85
3.26 51.6% 64.83%° 60°° 6127 59.36
4.90 56.8%° 56°°% 5670 64°°% 58.20
Mean 42.23 50.83 58.68 62.04
Tukey (0.05) 12.07
CV (%) 13.57

a,b,c,d'. Any two means designated by the same letter are not significantly different at (P: 0.05),
Tukey'’s Test.
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Table 1. Effect of lime and vermicompost on effective nodule numbers on soybean (%)

Treatments Sig.
Lime rate(t ha™) 0 1.62 3.26 4.90
45.6° 53.8° 57.1° 56.7°  **
Vermicompost (t ha™) 0 1.50 3 4.50
37.4° 51.1° 67° 67.1° *
Tukey (5%) 36.6
CV (%) 23

a,b, Any two means designated by the same letter are not significantly different (P=0.05), Tukey’s Test

Table 10. Effect of lime and vermicompost rates on Nodule volume per plant (ml)

Lime rate(t ha™) Vermicompost rate(t ha™)

0 1.50 3.00 4.50 Mean
0 3.5° 6.25° 8% 8.5 6.56
1.62 730 7.67%° 8.167*° gave 7.99
3.29 8.bc 8.5% 9.3° 730 7.92
4.90 5.5 5.67°% 5% 5.5¢c" 5.42
Mean 6.00 7.02 7.62 7.00
Tukey (5%) 2.33
CV(%) 20.27

a,b,c,d, e'. Any two means designated by the same letter are not significantly different (P: 0.05), Tukey test

Table 11. Effect of lime and vermicompost on plant height of soybean (cm)

Lime rate(t ha™) Vermicompost rate (t ha™)

0 1.50 3.00 4.50 Mean
0 45.00° 58.30% 60.30°°% 66.46% 57.50
1.62 54.50' 60.07°% 61.73%000¢ 66.53%° 60.72
3.26 60.67°°¢ 57.40° 67.20° 65.93%° 62.80
4.90 61.40%°°% 64.00%> 64.27%°¢ 65.47%° 63.79
Mean 55.40 59.94 63.38 66.08
Tukey (5%) 2.68
CV (%) 5.26

a,b,c,d,e,f. Any two means designated by the same letter are not significantly different (P: 0.05), Tukey’s Test

supplied the important nutrients such as N, Pand - 42.9% increment over the control with the
K which are critical for soybean growth. In  highest from the highest rate while, the effect of
addition, the good performance of plant grown on  lime and its interaction with vermicompost was
plots treated with vermicompost combined with  non-significant (Table 12).

lime might be due to the improvement in soil

conditions and increased availability of nutrients  This might be due to presence of medium
through vermicompost and lime application [61]. amount of available phosphorous (6.11 mg kg'1')
From statistical point of view combined explained by (Table 9). High available soil P has
application of 3.26 t ha™'of lime and 3.00 t ha”' been demonstrated to increase productivity and
vermicompost were elective to produce better biological nitrogen fixation of legumes [62]. As
plant growth which was important combination [63] who noted that a strong positive correlation

for soybean production in this area. between yields of soybean and soil available P.
This result accepted with [64] who reported
3.3 Grain Yield and Yield Components significantly higher number of pods per plant in
soybean plots treated with NPK+ vermicompost
3.3.1 Number of pods per plant than in the control plots. The lowest number of

pod records from un-treated (15 pods per plant)
The effect of vermicompost on number of pods which was grown without input.
per plant was significant (p = 0.01), that was 17.5
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Table 12. Effect of lime and vermicompost on number of pods per plant of soybean

Rates
Lime (t ha™) 0 1.62 3.26 4.90 Sig.
25.37 30.33 26.98 29.25 NS
Vermicompost (t ha™) 0 1.50 3.00 4.50 Sig.
22.73° 26.7°° 29.98% 32.5° **
Tukey (5%)) 4.85
CV (%) 20.8

a,b,c . Any two means designated by the same letter are not significantly different (P: 0.05), Tukey’s Test

3.3.2 Number of seeds per pod

Analysis of variance showed significant
difference in number of seeds per pod among the
treatments. The effect of lime alone was highly
significantly high (p < 0.01) and increased with
increasing rates. Similarly, the effect of
vermicompost alone was highly significant (p <
0.01) and increased the number of seeds per
pod with increasing rates. The interaction effect
of lime and vermicompost on the number of
seeds per pod was also significant (LR*VCR <
0.05) (Table 13). This might be due to the
improvement of soil pH improved by the applied
lime, improvement of the growth and vyield
parameters due to the addition of vermicompost.

The significant differences in number of seeds
per pod and number of pods per plant might

have led to the positive effect on the grain yield.
This result agrees with that of [65] who reported
that application of lime and vermicompost has
increase the number of seeds per pod and
thereby, increased grain yield of soybean. [66]
also reported that application integrated
fertilisation methods affect grain yield and yield
components of soybean by increasing the
number of seeds per pod and pod per plants.

3.3.3 Grain yield

Analysis of variance on soybean grain yield
showed significant difference among the
treatments. Application of lime and vermicompost
alone gave highly significant difference (p < 0.01)
while, the effect of their interaction was
significant (P<0.05) (Table 14).

Table 13. Effect of lime and vermicompost on number of seed per pod of soybean

Lime (t ha”) Vermicompost (t ha™)

0 1.50 3 4.5 Mean
0 1.67% 1.67% 2.33%° 2.67% 2.09
1.62 1.0° 1.67% 2.67% 3.0° 2.09
3.26 2.0 2.67* 3.0° 3.0° 2.67
4.9 3.0° 3.0° 3.0° 3.0° 3.00
Mean 1.92 2.25 2.75 2.92
Tukey (5%) 0.41
CV (%) 18.56

a,b,c,d". Any two means designated by the same letter are not significantly different (P: 0.05), Tukey’s Test

Table 14. Effect of lime and vermicompost on grain yield of soybean (t ha'1)

Lime rate(t ha™)

Vermicompost rate(t ha™)

0 1.50 3.00 4.50 Mean
0 0.66° 0.92 1.35% 1.49% 1.10
1.62 1.12° 1.29% 1.38% 1.68%° 1.37
3.26 1.43% 1.53 1.85° 1.85° 1.67
4.90 1.80%° 1.91° 1.95% 1.89° 1.89
Mean 1.25 1.41 1.63 1.73

Tukey (5%) 0.13

CV (%) 10.60

a,b,c,d,f,g". Any two means designated by the same letter are not significantly different (P: 0.05), Tukey’s Test



Results showed that application of lime alone
produced a significant increase in grain yield of
soybean. The magnitude of increment was 69.7 -
172.7% over the control. The highest grain yield
of soybean (1.95 t ha™) was obtained from plots
received with 4.90 t ha” lime combined with
vermicompost (3.00 t ha™) and the lowest (0.65 t
ha”) was obtained from untreated (control) plot
which is more than 195% yield difference.

Similarly, application of vermicompost alone
increased soybean grain yield by 39.4 - 125.8%
over the control with the highest yield from the
highest rate. The results in line with [49,60] who
reported the application of manure increased dry
matter and grain yield per hectare.

The results indicate that applying lime to the soil

might considerably improve the nutrient
availability, particularly phosphorus, since it
improve soil pH under which maximum

availability of the nutrient may be obtained.
Studies by [67] showed significant grain yield
increase when excess acidity was neutralised
over time. [68] also found that application of lime
at a single rate 4.4 t ha” in an Ultisols increased
grain yield by almost a factor of three as
compared to the un-limed Ultisols. Furthermore,
indirect effects of lime include increased
availability of P, Mo and B, and more favorable
conditions for microbial mediated reactions such
as nitrogen fixation and nitrification, and in some
cases improved soil structure [69]. For instance
application of lime significantly increased root
and shoot yields and grain yields of soybean
[70]. [71] also reported increased soybean yield
due to application of lime.

4, SUMMARY AND CONCLUSION

Based on these, the study was conducted to
ameliorate the soil with lime and vermicompost
alone and in combination to investigate the
effects on soil properties and soybean
productivity. Combined application of lime and
vermicompost significantly improved the soil
properties and theses improvements have
resulted in increased grain yield and yield related
parameters of soybean grown on the acidic
nitisols of Assosa. Combining 3.00 t ha™' of
vermicompost with 4.90 t ha™ lime was the best
practice and increased soil pH, soil reaction from
strongly acidic to moderately acidic and reduced
exchangeable acidity by 196% below the control.
This closely followed by vermicompost at the rate
of 3.00 and 3.62 t ha” of lime which improves
soil acidity.
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Soybean yields were increased more than 195%
over the control. Combined application of lime
and vermicompost at the rates of 3.26 and 3.00 t
ha™, practically, found to be feasible for farmers
of the Assosa area for soybean production. This
study clearly showed the ameliorative benefits of
combined application of lime and vermicompost
on acidic soil for soybean production. However,
more studies should be carried out for more
seasons to assess the consistence of these
findings, and the response of other crops to lime
and combined applications with vermicompost,
other organic and inorganic fertilisers since K
deficiency symptoms were observed on the plots
applied with lime alone during this study.
Therefore, for improved soil chemical properties
and soybean yields, smallholder farmers of the
study are shall be advised to adopt integrated
application of lime with vermicompost.
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