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Abstract

Soil acidity and poor soil fertility are regarded as crop productivity limiting factors particularly in south western
Ethiopia. This, study was conducted to determine the effect of lime and phosphorus fertilizers on soybean yields
and to explore the best treatments that can maximize the productivity of soybean. Factorial combinations of five
lime levels (0, 1.41, 2.82, 4.23 and 5.64 t ha!) and four P levels (0, 10, 20 and 30kg P ha™!) were laid out in
Randomized Complete Block Design (RCBD) with three replications. Findings showed that the application of
phosphorus (30Kg/ha significantly increased the plant height (67.03 cm), number of pods per plant (49), number
of seeds per plant (77.67) above ground biomass (6160Kg/ha) and the grain yield (1828.44 Kg/ha). A combined
application of phosphorous at 30 kg/ha and lime at 5.64 t ha™! had good response in reclaiming the soil and fostering
the crop productivity, which is statically at pars with 4.23 lime t/ha and 30 P kg/ha. Study concluded that
application of lime with phosphorus proved to be superior with respect to grain yield as well as other yield and
growth parameters of soybean.

Keywords: Lime, phosphorus, soil Acidity and soybean

DOI: 10.7176/JEES/10-9-04

Publication date:September 301 2020

Introduction

Soil acidity has become a grave challenge to agricultural production around the world and for developing countries
in particular. Soil acidification is a complex set of processes resulting into the formation of acidic soils. The
accumulation of different anthropogenic and natural processes viz leaching of exchangeable bases, basic cation
(calcium, magnesium and potassium) uptake by plants, decomposition of organic materials, application of
chemical fertilizers and other farming practices turning soils into acidic (Brady & Weil, 2002). Climate, vegetation
and parent material are the soil forming factors likely to upsurge soil acidity in Ethiopia (Mesfin, 2007). Area
affected by acidity is estimated at 4 billion ha, representing about 30% of the total ice-free land area of the world
(Sumner and Noble, 2003). Acidic soils are widely distributed in developing countries, where population
escalation is gradual and demand for food is growing.

In Ethiopia, of the total land, about 41% is affected by the soil acidity. Of the acidic soil, about 28% is
moderate to weak acidic (pH in KCl of 4.5 -5.5), and 13.2% is highly acidic (pH in KCI of <4.5). Ethiosis (2014)
had estimated about 43% of the Ethiopian arable land had turned acidic..

Soybean is appealing crop for livestock in the form of forage (as hay and silage) or soybean meal. Soybean
has wide adaptability coupled with its higher productivity potential as compared to other grain legumes (Tinsley,
2009). In Ethiopia, pulses rank second as food crops after cereals, occupying 17.7% of the total cultivated area,
and contribute 12% of the total crop production (Central Statistical Authority, 2002). Soybean is one of the most
important pulse crops of the country with an annual production of 7,205 tons in 2009 (FAOSTAT, 2011).
Subsistence farmers in different parts of the country, who have been engaged in soybean production, are benefiting
from the multiple uses of the crop. The productivity of soybean on farmer’s field has been very low i.e., 920 -1410
kg ha'! relative to its potential productivity 2000-3500 kg ha! (Tesfaye, 2007). The low productivity has been
attributed to several constraints among which include: lack of application of the right type and amount of fertilizers
and poor soil fertility / acidity management are the major once. Currently, there are also factories producing oil
from soybean showing increasing importance of soybean in the country. It also counter effects depletion of plant
nutrients especially nitrogen in the soil resulting from continuous mono- cropping of cereals, especially maize and
sorghum, thereby contributing to increasing soil fertility (Mekonnen and Kaleb, 2014).

Increased soil acidity causes solubilization of AI**, which is the primary source of toxicity to plants at pH
below 5.5, and deficiencies of P, Ca, Mg, N, K and micronutrients (Kariuki et al., 2007; Mesfin, 2007). Among
these constraints, Al toxicity and P deficiency are the most important ones, due to their ubiquitous existence and
overwhelming impact on plant growth (Kochian et al., 2004), which limits crop growth and development that
adversely affects crop production. For crop production, soil acidity is a complex of numerous factors involving
nutrient deficiencies and toxicities, low activities of beneficial micro organisms, and reduced plant root growth,
which limits absorption of nutrients and water (Fageria and Baligar, 2008). For these reasons some farmers use
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locally available liming materials like coffee husk, organic source of liming etc, however such liming material
doesn’t work as that of CaCO3 because of slowly releasing nutrients.

However, A’ toxicity is one of the major limiting factors for soybean production on acid soils by inhibiting
root cell division and elongation, thereby, reducing water and nutrient uptake , poor nodulation or mycorrhizal
infections (Delhaize et al., 2007), consequently leading to poor growth of soybean and its yields (Abubakari et al.,
2016). Such problematic soils require careful soil fertility management practices to enhance soybean production
and productivity, most specifically application of agricultural lime. Limes are materials containing carbonates,
oxides or hydroxides that are important to amend soil acidity to raise soil pH and neutralize toxic elements in the
soil. Studies have shown that apart from reducing the acidity of the soil by counteracting the effects of excess H
and AI’" ions, liming also has several other benefits including, its ability to reduce the toxicity effects of some
micro elements by lowering their concentrations; increasing the availability of plant nutrients, such as Ca, P, Mo,
and Mg in the soil, and reducing the solubility and leaching of heavy metals (Fageria and Baligar, 2008).

Phosphorus is known as the master key to agriculture and lack of available P nutrient in the soil limits the
growth of both cultivated and uncultivated plants (Foth & Ellis 1997). It is the second most important
macronutrient next to nitrogen in limiting crop growth. Despite its importance in plants growth and metabolism,
phosphorus is the least accessible macronutrient and hence most frequently deficient nutrient in most agricultural
soils because of its low availability and its poor recovery from the applied fertilizers. The low availability of
phosphorus is due to the fact that it readily forms insoluble complexes with cation such as aluminum and iron
under acidic soil condition whereas the poor P fertilizer recovery is due to the fact that the P applied in the form
of fertilizers is mainly adsorbed by the soil, and is not available for plants lacking specific adaptations.

At western, southern and central highlands of Ethiopia low availability of P under most soils is due to the
impacts of P fixation by acidic cations, abundant loss of P by crop harvest and erosion and the inherent P deficiency
of the soils by little or no P sourced fertilizers application (Melese,2014). Hence, liming and P fertilization appears
to be amongst the most important operations required to boost soybean productivity in Ethiopia. However, there
are no or little research results available in literature on the effect of lime and P fertilizer in soybean production in
Ethiopia. Therefore, the objectives of the study were: to assess the effect of lime and phosphorus fertilizer
application on yield and yield components of soybean at Mettu and, to investigate the interactive effects of lime
and P fertilizer on soybean grain yield, yield components and some soil chemical properties under acid soil
condition in Mettu South Western Ethiopia.

Materials and Methods

Description of the Study Site

The study was carried out at Mettu Agricultural Research Sub Center of Jimma Agricultural Research Center,
under the Ethiopian Institute of Agricultural Research (EIAR) during main cropping season. The sub-center is
located at 600 km away from Addis Ababa in Iluabbabora Zone of the Oromia Regional National State.
Geographically, it is located at latitude 8°19' 0" N longitude 35°35' 0"E at an altitude of 1550 m.a.s.l. Agro-
climatically, it has been characterized as Tepid (slightly warm) to cool humid mid highlands with annual rainfall
distribution pattern of 1835 mm/annum. The mean annual temperature ranges from 12 to 27°C. The predominant
soil type is Nitisol, which is dark red brown, and characterized by very strong to moderately acidic soil, and low
soil P, specifically around experimental sites with pH of 4.5, and phosphorus level of 1.16 ppm and exchangeable
acidity of 2.48 meq/100g of soil (Abush et al., 2012).
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Figure: 1 Location Map of the study area.
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Treatments and experimental design

The treatments comprised of two factors namely; five levels of lime (0.0x, 0.5x, 1.0x, 1.5x and 2.0x, exchangeable
Al"? and H ') with corresponding lime rate of 0, 1.41, 2.82, 4.23, and 5.64 tons ha ! and four rate of phosphorus
(0, 23, 46 and 69 kg P205 ha') or (0, 10, 20 and 30 kg P/ha). The treatments were laid out in a randomized
complete block design with three replications.

Experimental procedure

The study was conducted on soybean during 2015/16 cropping seasons in [luabbabora zones at Mettu research
sub-center. Prior to the commencement of the trial, composite soil samples were collected from the upper 20 cm
depth and analysed for soil pH and exchangeable acidity. The amounts of lime applied was determined based on the
exchangeable acidity, mass per 0.15m furrow slice and bulk density of the soil (Shoemaker ef al., 1961; Van Lierop,
1983), considering the amount of lime needed to neutralize the acid content (Al + H) of the soil up to the
permissible acid saturation level for soybean growth as described in equation below.

_— = [— *x (). * * * *
f A mo of sol m m 3 crop factor

2000
Where: BD = bulk density, EA = exchangeable acidity (exch. H" + AI*"), LR= lime requirements, 0.15m= plough
depth/depth of lime incorporation. Crop factor = 1.5
2000 = to convert exchangeable acidity per kg of soil to per hectare

Soybean variety Clarck 63 as used as a test crop, because of this variety was selected for the study area
previously by breeder. Calcium carbonate was used as the source of lime and the whole doses of lime of the
respective treatment were broadcasted uniformly by hand and mixed in the top 15 c¢m soil layer, a month before
sowing, to mix lime with soil properly. Phosphorus fertilizer recommended (46 kg P,Os ha'from Triple Super
Phosphate) (Shahid et al., 2009) was applied at planting and mixed with the soil based on the rate of treatments,
while the recommended N rate (46 kg N ha'') was applied uniformly to all experimental plots as urea in two split;
half at seed sowing and the remaining half when the seedlings attained one month after sowing.

Soybean seeds were planted on mid June as per the recommended soybean planting period. Two seeds were
sown in rows per hill to maintain between plants and rows spacings of 5 and 60 cm, respectively and then thinned
to one plant after seedling establishment. The size of each plot was 4m*4m=16m? and the spacing between
replication and plots were 1.5 and 1 m, respectively. All the recommended cultural practices were used for the
management of the experimental crop uniformly.

Soil Sampling, Preparation and Analysis before Planting and After Harvesting

Prior to the field experimentation both undisturbed and disturbed samples were collected. Three undisturbed
samples were taken by core sampler. Fresh weight and an oven dry weight at 105°C, and used to determine bulk
density (Baruah et al., 1997). Ten random disturbed composite soil samples (0-15 cm depth) were collected and a
composite soil sample was made. The composite sample was used for soil chemical analysis, and for the
determination of lime requirement of the soil. The disturbed soil samples were air dried, sieved to pass through 2 mm
sieve, and placed in a labeled plastic bag and transported to Jimma Agricultural Research Center soil laboratory for
analysis i.e. soil exchangeable acidity (AI** and H") and soil pH. After harvesting, the soil samples were collected
individual plot-wise from each replication from the surface 0-15 cm depth for soil exchangeable acidity (A" and
H") and soil pH analysis. Finally, yield and yield components, and soil data were subjected to analysis of variance
using SAS statistical software (SAS version 9.3, 2012). LSD was used to separate significantly differing treatment
means after treatment effects were found significant at P < 0.05.

Results and Discussion

Effect of lime and phosphorus on soil chemical properties (exchangeable acidity and pH) after harvesting
Soil pH and exchangeable acidity (Al** and H") were significantly (P=0.05) influenced by the main effects of lime
(Figure 1 & 2). Lime interacted with phosphorus and main effect of phosphorus non-significant on soil pH and
exchangeable acidity (A" and H"). Application of lime alone showed the change in soil pH. This indicated that
when lime is added to acid soils that contain high Al**and H* concentrations, it dissociates into Ca*" and OH ions.
The hydroxyl ions will react with hydrogen and AI** ions forming AI*" hydroxide and water; thereby, increasing
soil pH in the soil solution. Increase in the soil pH over the control, in response to the application of lime alone or
combined with P was reported by Temasgen et al. (2017). Mesfin et al. (2014) also reported that the application
of 0.4 t ha'! lime increased soil pH by 7%, relative to unlimed control. The present findings are also in agreement
with Murata et al. (2002) who reported that application of lime at the rate of 2 t ha ! significantly increased top
soil pH values from 4.6 to 6.0. Exchangeable acidity of the soil was also decreased in response to the application
of lime (Figure 2). Application of lime reduced soil exchangeable acidity due to increased replacement of Al by
Ca in the exchange site and subsequent precipitation of Al, as Al (OH) 3, due to liming of the soil (Fageria and
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Baligar, 2008).

Fig.2 Effect of lime on soil exchangeable acidity and pH at Mettu
Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, L= lime, LSD= list significant different, EA= Exchangeable acidity, t=ton

LSD=NS for pH & EA Main Effect of Phosphorus on Soil pH and Exhangeable Acidity

CV=5.68 for pH
V=132 90 for EA EPh MEA(CmolKg-1)

45 4.7 4.61 4.62

Ke/ha
Fig: 3 Effect of Phosphorus on soil exchangeable acidity and pH at Mettu
Where, P= phosphorus, LSD= list significant different, EA= Exchangeable acidity, Kg/ha=kilogram per hectare,
NS=non significant different

Effect of lime and phosphorus on soybean plant height and number of pod per plant

The main effect of lime, season and phosphorus had a significantly influence on plant height(Figure 4 and 5).
Similarly, the interaction effect of phosphorus x season x lime showed significant effect on plant height (Table 1).
Among various phosphorus levels, the longest plant height (67.03 cm) was recorded at the rate of 30 kg P ha
'while the shortest plant height (44.52 cm) was recorded at 0 kg P ha!(Figure 5). Significant increase in plant
height was attained with lime application (Figure 4). Application of lime significantly improved plant height of
soybean over unlimed soil where the longest plant height (59.95 cm) was recorded with liming at 5.64t/ha while
the shortest plant height (56.5 cm) was recorded from unlimed soil(Ot/ha) (Figure 4). The results in Table 1 showed
significant interaction between lime rate and phosphorus levels on plant height. The shortest plant height (39.8cm)
was recorded in control treatments (0 kg P ha! and Ot/ha lime) whereas the tallest plant height(74.4cm) was
recorded at the rate of 30 kg P ha'' and limed at the rate of 4.23t/ha (Table 1).

This positive growth response of soybean for application of phosphorus and lime in acidic soil may be due to
the effect of liming that neutralized soil acidity, which in turn might have improved the availability of plant
nutrients, particularly phosphorus and calcium and lowered the concentration of toxic cations, mainly Al’" ions.
This in turn, improves plant growth, most likely resulted from the enhanced conditions for seedling growth. The
application of P fertilizer together with lime amendment has a very important role (Table 1), which might increase
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the availability of applied P, and also helps in raising pH of the soil and reduce the effect of acidity on the
performance of the crop. However, phosphorous deficiency causes immediate disturbances in metabolism and
suffered to stunted growth. This positive growth response of soybean for application of P in acidic soil may be
related with better availability of P as the rate of P application increased. The significant increase in soybean
growth after lime application can also be attributed to reduced aluminium toxicity which inhibit root growth
by reducing cell elongation and cell division hence reduced main axis and lateral root formation. The results
are similar with the results of Kisinyo et al. (2016) who reported that a growth of plant is increased on acid soil in
response to the application of P with lime. Tigist, (2017) reported 36.4% plant height decrease in soybean on
unlimed acid soil compared with limed acid soil.

Table.1 Interaction effect of lime, season and phosphorus on plant height of soybean at Mettu

Plant height(cm)
Lime rate Year Phosphorus level
Okg/ha 10kg/ha 20kg/ha 30kg/ha
0 t/ha 2013 41.00¢P 50.57x# 65.904" 61.50™
2014 42.008D 5493+ 57.67V 61.938
2015 39.80P 56.93+ 63.57¢t 71.73%4
1.41 t/ha 2013 42 578D 61.13 69.00>F 66.404™
2014 42 878D 53.37%* 59.80" 60.40™
2015 42 408D 60.13%Y 65.44? 69.77>F
2.82 t/ha 2013 45.174P 58.767Y 68.53*¢ 66.70°*
2014 47.40%4-C€ 54.40" 57.73+v 63.73¢*
2015 45.334D 61.13+ 68.77¢ 74.40°
4.23 t/ha 2013 46.134P 57.035* 67.03% 67.33%
2014 46.8074C 57.20™* 59.53™w 62.33f
2015 44 334D 59.000Y 63.93¢1 73.77%¢
5.64 t/ha 2013 47.33%4C 59.73™w 64.60° 66.67¢
2014 46.7374C 58.004Y 62.208* 65.80%°
2015 48.13v#AB 59.067°% 67.93h 73.37%¢
Mean 58.26
Cv 7.19
LSD 6.77

Means with capital letters are the letters come backs after Z. Means with the same letter(s) are statistically not
significantly different at 0.05 probability level. Where, t/ha= ton per hectare, LSD= list significant different,
CV=coefficient of variation

key: LO=0t'ha, L1=1.41t/ha, L2= 2 .82t/ha, L3=
4.23thaand L4=5 64t/ha

CV=7.11
LSD=1.93 59.95a
57 7 59.32ab 58.74ab—&
55.6

Effect of lume level on soybean plant height(cm)

LO L1 L2 L3 L4

Fig.4 Main Effect of Lime on Soybean Plant Height at Mettu
Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, L= lime, LSD= list significant different, CV=coefficient of variation
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keyv: PO=0kg/ha.Pl=10kg/ha. P2= 20 kg/ha and P3=30kg/ha

CV=/11 67.03a

T &64.09b
44.52d

Eftect of phosphorus level on sovbean plant height(cimn)

FO Fl P2 P3

Fig.5 Fig.4 Main Effect of Phosphorus on Soybean Plant Height at Mettu
Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, P= phosphorus, LSD= list significant different, CV=coefficient of variation

Analysis of variance showed that the main effects of lime, season and phosphorus, and interaction of
phosphorus x season x lime had highly significant (P< 0.01) effect on number of pods per plant(Table 2). The
results in Table 2 showed significant interaction between lime and phosphorus levels on number of pods per plant.
The lowest number of pods per plant (15.33) was recorded in control treatment (0 kg P ha '+ Ot/ha lime) whereas
the highest number of pods per plant (49) was recorded at the rate of 20 kg P ha! +4.23t/ha lime treatments (Table
2).

The applied lime and P improved number of pod per plant, which might be due to lime and phosphorus
enhanced vegetative growth, thereby, enabling the plant to bear higher number of pods than the untreated soil
condition, and neutralizing soil acidity by lime, which in turn increases availability of P for plant uptake, through
reduction in its fixation on acid soils as well as increases calcium availability in the soil (Kisinyo et al.,
2016).0Okpara and Muoneke (2007) reported that the application of lime with P significantly increased number of
pods per plant for soybeans. Workneh ez al. (2013) also reported that combined application of lime and phosphorus
produced the highest pods per plant than their separate application. Liming enhances P uptake by alleviating Al
toxicity and thereby improving root growth and the improved root growth would allow a great volume of soils to
be explored finally this in turn favors the improvement of soybean yield components i.e. pod per plant
Table.2 Interaction effect of lime, season and phosphorus level on number of pod per plant of soybean at Mettu

Number of pod per plant in number

Lime rate Year(GC) Phosphorus level (kg/ha)
Okg/ha 10kg/ha 20kg/ha 30kg/ha

0 t/ha 2013 20.00"v 35.77¢! 37.33% 31.33Hd
2014 25.77™0 32.33¢P 39.33% 41.33%h
2015 15.33% 25.00°% 28.33) 32.00"

1.41 t/ha 2013 20.33v 37.77% 42.33%f 45.00%°
2014 25.00°% 35.77¢! 42.0*¢ 44.00%4
2015 15.77" 23.777v 33.33Fp 35.33¢m

2.82 t/ha 2013 26.77" 37.77% 40.001 40.33%
2014 26.33M 33.77¢° 32.77% 36.77%%
2015 18.33%w 28.00 31.33Hd 35.004"

4.23 t/ha 2013 27.00% 31.33H 49.00* 46.33%
2014 2877 43.33%¢ 41.00% 37.00%
2015 16.77%% 22.00%w 32.33¢P 39.77%

5.64 t/ha 2013 32.0" 38.77% 40.00% 40.77
2014 25.33mv 31.77% 41.00% 40.77
2015 16.00"w 26.33 35.33¢m 38.77

Mean 32.83

CvV 18.42

LSD 9.77

Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, t/ha= ton per hectare, LSD= list significant different, CV=coefficient of variation
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Effect of lime and phosphorus on soybean grain yield and number of seed per plants

Analysis of variance revealed that the main effect of phosphorus, season and lime application, and their interactions
effect of phosphorus x season x lime had a significant influence on grain yield of soybean (Table 3). In this study
lime and phosphorus significantly influence grain yield of soybean. A combination of lime and phosphorus
fertilizer resulted in higher grain yield than that with lime or P used independently. The highest grain yield of
soybean (2271.9 kg ha!) was obtained from plants treated with 4.23t/ha lime + 30 P kg/ha whereas the lowest
grain yield (547.1 kg ha'') was recorded from both lime and phosphorus untreated plots(0 kg P/ha and Ot/ha lime).
The positive response of soybean to the applied lime and P might be due to the probability of obtaining the available
P from decomposed OM by microorganisms, when the pH value of the soil improved due to liming, which might
have resulted in increased grain yield (Anetor and Akirinde, 2006). Liming can reduce availability of
micronutrients such as iron (Fe), zinc (Zn), manganese (Mn), or boron (B) and increase the availability of the
micronutrient molybdenum (Mo) which are essential for growth of the crop (Sumner and Farina, 1986). The
observed increase in grain yield with increasing P rate in treatments with no lime application confirmed that P was
limiting factor to soybean growth in this soil. Calcium is a structural component of cell walls and is therefore vital
in the formation of new cells; hence the Ca supply through liming in the present study could have had a favorable
effect on soybean crop yield in the limed plots. Calcium sometimes improves soil structure and soil stability. This
could be due to its effect on organic matter decomposition yielding humus and promotes root activity. The results
of the present study are in conformity with the work of Mesfin et al. (2014b) who had reported the highest grain
yield (1488.4 kg ha™!) of common bean from the combination of 30 kg P205 ha'and 0.4 t lime ha'.

Table: 3 Interaction effects of lime, season and phosphorus on grain yield of soybean at Mettu

Grain yield kg/ha
Lime rate Year Phosphorus level
Okg/ha 10kg/ha 20kg/ha 30kg/ha
0 t/ha 2013 602.50%Y 1360.5™" 2193.0*¢ 1698.6"
2014 678.10%Y 1231.19* 1431.1% 1529.814
2015 547.10¥ 1372.7™" 1480.8%+ 1866.9<
1.41 t/ha 2013 714.00%Y 1766.3¢% 2107.9*4 2111.5%4
2014 942.00" 1479.2%r 1520.274 1487.9%
2015 565.50% 1384.9mr 1564.24 1989.1+F
2.82 t/ha 2013 1183.0™ 1592.4¢&? 2251.6® 2078.7%¢
2014 986.80%" 1244.09t 1600.48° 1659.4m
2015 690.70%Y 1289.6°* 1617.7¢° 1874.9¢h
4.23 t/ha 2013 995.10%Y 1492.9%r 2174.04 2271.9°
2014 883.10"Y 1258.5v 1566.104 1462.1%r
2015 648.00™Y 1350.5™" 1545.204 1928.3%f
5.64 t/ha 2013 889.60"* 1642.3¢" 2056.7%¢ 2074.5%¢
2014 1002.5%" 1314.0™* 1614.4¢° 1547.2h4
2015 695.00%Y 1296.7°¢ 1590.1» 1845.6%7
Mean 1447.31
CVv 13.850
LSD 337.11

Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, t/ha= ton per hectare, LSD= list significant different, CV=coefficient of variation
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key: LO=0t'ha. L1= 1 41t/ha. L2= 2 82t/ha. L3= 4 .23t haand L4=5 64t ha

CWV=13.85

L5D=93.57 1505.78a

1469 34, 1464.63a 1464.05a

1332.68b

Lo L1 L2 L3 L4

Fig.6 Main effect of lime on soybean mean grain yield (kg/ha) at Mettu
Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, L= lime, LSD= list significant different, CV=coefficient of variation

key: PO=0kg/ha.P1=10kgha. P2=20kg ha.and P3=30kgha
2
1754 274 1525 44a
1405.03b
CV=13.85
801.54¢ l
PO Pl P2 P3

Fig.7 Main effect of phosphorus on soybean mean grain yield (kg/ha) at Mettu. Means with the same letter(s) are
statistically not significantly different at 0.05 probability level
Where, P= phosphorus, LSD= list significant different, CV=coefficient of variation

Analysis of variance showed that the main effects of lime, season and Phosphorus, and the interaction of
phosphorus x season x lime had highly significant effect on number of seed per plant(Table 4). The highest number
of seed per plant of soybean (77.67) was obtained from plants treated with 4.23t/ha lime + 30 P kg/ha whereas the
lowest number of seed per plant of soybean (27 and 28) was recorded from both lime and phosphorus untreated
plots(0 kg P/ha and Ot/ha lime).

The positive response of soybean to applied lime and P might be due to the improvement of soil pH in
response to lime amendment, which enhanced growth and yield of the plant, as a result of increased availability of
P that might have increased intensity of photosynthesis, flowering, seed formation and fruiting. Chalk et al. (2010)
reported that the beneficial effects of lime with P for legumes grown on acidic soil, in which liming of acid soils
significantly increased number of seeds of haricot bean, this may be because of the fact that acidic soil was
neutralized by the applied lime.

43



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLEL}
Vol.10, No.9, 2020 “sTE

Table: 4 Interaction effects of lime, season and phosphorus on seed per plant of soybean at Mettu

Lime level Phosphorus rate (kg/ha)
Year 0 kg/ha 10 kg/ha 20 kg/ha 30 kg/ha
0 t/ha 2013 41.33ko 55.33¢k 60.67 68.67*¢
2014 28.33m 49.67%k 56.0c% 63.0*¢
1.41 t/ha 2013 45.335m 61.05 72.67% 68.0%4
2014 27.33° 49.0%k 68.0%¢ 66.33%¢
2.82 t/ha 2013 47.67" 53.67%k 51.33%k 59.05
2014 30.67™° 54.33¢k 64.0%F 68.33%d
4.23 t/ha 2013 47.33H 67.67%4 68.67*° 55.0%k
2014 33.67"° 43.67<m 60.33%1 77.67%
5.64 t/ha 2013 42.33kn 51.0% 64.0*F 62.33%"
2014 32.0m° 51.67°F 71.33%® 71.0%
Mean 37.6¢ 53.7° 63.7° 65.93?
LSD 14.70
CVvV 16.38

Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, t/ha= ton per hectare, LSD= list significant different, CV=coefficient of variation

Influence of lime and phosphorus on soybean hundred seed weight

Analysis of variance revealed that the main effect of phosphorus and lime application, and interaction effect of
phosphorus X lime had significant influence on seed weight of soybean(Figure 8 ). In this study lime and
phosphorus significantly influence seed weight of soybean. A combination of lime and phosphorus fertilizer
resulted in higher seed weight than that with lime or P used independently. The highest hundred seed weigh of
soybean (14.3 to 16.7gram) was obtained from plants treated with both lime rate + 20 and 30 P kg/ha except 0 and
10 P kg/ha whereas the lowest hundred seed weight (11.67 to 12.3 gram) was recorded from lowest phosphorus
treated and untreated plots(0 and 10 P/ha of all lime treated and untreated plots). The combined application of lime
with P, and P alone increased hundred seed weight than lime alone, which might be due to the importance of P in
improving phosphorus nutrition of the crops, and phosphorus plays important role in seed development and
increase in seed size. And also due to ability of this treatment to improve Ca nutrition of the crop. In line
with this finding, Temasgen et al. (2017) reported that application of phosphorus at the rate of 30kg/ha increased
hundred seed weight of barley by 4.6% over the control treatment (no phosphorus). Generally in this study there
was no more effect of lime than the influence of phosphorus fertilizer on hundred seed weight of soybean.

Hundred Seed Weight (g)

CvV=10.22 EP=0kgha ®P=10kgha P=20kg/ha ®mP=30kgha
15.3ac 14.3a-f
15.3a-c 16.7a 15.3a-¢
13.7b-g 12.7d-g
12fg 12fg

L=0tha L=141tha L=4.23t/ha

Fig.8 Interaction effect of lime and phosphorus level on hundred seed weight of soybean at Mettu
Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, L= lime, t/ha=ton per hectare P= phosphorus, LSD= list significant different, CV=coefficient of variation.

Influence of lime and phosphorus fertilizer on soybean dry biomass weight

The main effect of lime and phosphorus rates revealed highly significant (P< 0.01) effect on above ground biomass
of soybean. Similarly, their interaction showed significant effect on above ground biomass (Table 5). Lime with
phosphorus revealed significant effect on above ground biomass (Table 5). The highest biomass (6.25 t ha'!) was
recorded from limed at the rate of 1.41t/ha with 20 P kg/ha whereas the lowest biomass (1.55 t ha'!') was obtained
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from control plot(0 t/ha lime and 0 P kg/ha). Lime with phosphorus improved above ground biomass compared to
untreated control plots (Table 5).

Phosphorus and liming amendment increased above ground dry biomass which might be due to improved
rate of P supply to the soil or an improved ability of the plant to absorb P, when Al toxicity has been eliminated,
and enhanced the vegetative growth of soybean genotypes, which resulted in increased dry biomass. Similarly, the
increase in above ground biomass yield with increasing rate of P may be attributed to the better availability P for
plants as the rate of external P application increase which in turn observed on better plant performance. The better
performance of the crop with liming may be also related with the better nodule development which stimulated
effective N 2 fixation, increasing the amount of N available to support growth. Similar to this finding, Temesgen
et al. (2017) reported that the highest dry biomass of barley were recorded on lime amended soil with 2.2 t ha™!
and 30 kg P ha! than separate application of lime and phosphorus.

Table: 5 Interaction effects of lime, season and phosphorus on above ground biomass of soybean at Mettu
Above ground dry biomass ton/ha

Lime rate Year (GC) Phosphorus level
Okg/ha 10kg/ha 20kg/ha 30kg/ha

0 t/ha 2013 .61 3.37° 5.31b-f 4.65%%
2014 1.92vw 3.75% 4.34g-n 5.08¢h
2015 1.55% 3.520 4.31g-n 5.13¢h

1.41 t/ha 2013 1L.77" 4.26"° 6.26° 5.817%4
2014 2.58%Y 4278 4.69¢-j 4.82¢%
2015 L.51v 3.80 4.33g-n 5.42%F

2.82 t/ha 2013 3.05" 3.95+ 5.87%¢ 5.47+F
2014 2.76™ 3.68m1 4.66e-k 5.330f
2015 1.91%v 3.50™" 4.55f-m 5.45%¢

4.23 t/ha 2013 2.26%% 3.84) 5.85%¢ 6.16%
2014 2.56%Y 3.90 4.62e-1 4.974h
2015 1.92%v 3.69™m4 4.25h-p 5.15¢8

5.64 t/ha 2013 2.59%Y 4.01 5.32b-f 5.43F
2014 2.70™ 3.82) 4.64¢-k 5.25¢F
2015 2.02%w 3.38°¢ 4.26M" 5.310f

Mean 4.027

()% 13.22

LSD 00.87

Means with the same letter(s) are statistically not significantly different at 0.05 probability level
Where, t/ha= ton per hectare, LSD= list significant different, CV=coefficient of variation

Conclusion and Recommendations

The results of this study, clearly demonstrated that these soils are responsive to lime and phosphate fertilizer
applications. Overall, results showed that there were significant changes in soil pH and exchangeable acidity as a
result of amendment through liming. Soil chemical properties (pH) were increased, which may be responsible for
higher soybean yields. The results of the effects of agricultural limes on soil showed that all plots receiving lime
recorded an increase in soil pH. However, lime rate of 5.64 t ha! of agricultural limes had increased the soil pH
by 4.82. Exchangeable acidity was also affected by the applied lime rates. On the other hand, from the P rates
of 30 pkg ha' had gives ahigher soybean grain yield. Hence, for sustainable and higher productivity, soybean
production in the south western of Ethiopia should entail applications of 4.23 t ha™',30kg P ha™', and use of
improved high yielding soybean varieties. However, as soils vary from site to site, the amount of lime applied
should be based on the concentrations of exchangeable acidity of site. The lime and P rates obtained in this study
could serve as a reference to boost soybean production in the study area and areas with similar ago-ecology having
soil acidity problems. Hence a combined application of phosphorous at 30 kg/ha and lime at 5.64 t ha™! had good
response in reclaiming the soil and increasing crop productivity. However, as the data of this study was at one
location, over locations data under different soil type in the study area should be included to reach at a
conclusive recommendation and to determine the residual effect of phosphorus and lime on the soil and on
the crop. Also further study should be conducted to determine the response of different maturity group of
soybean varieties to appropriate rates or combination of lime and phosphorus fertilizers which can maximize
the productivity of the crop and reduce soil acidity problem in the study area. For the a sound recommendation
this study should be conducted across different acid soil and the agricultural extension suggest the farmers as they
apply lime based on the concentration of acid saturation cation until the best combination of lime and phosphorus
will be determined.
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