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ABSTRACT 
 
Aim: To evaluate the effects of sole and combined applications of lime, mineral P, Farmyard 
manure, and compost on selected chemical properties of acid soils of Lay Gayint District after 20, 
40, and 60 days of incubation under greenhouse conditions. 
Study Design: The treatment consisted of fifteen treatments (lime, mineral P, FYM, compost, and 
their combinations) arranged in a completely randomized design (CRD) in three replications. 
Place and Duration of the Study: The study was conducted in Amhara Agricultural Research 
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Institute greenhouse in 2015 cropping season. 
Methodology: Treatments (lime, mineral P, FYM, and compost) were applied in sole and 
combination to acid soils collected from cultivated lands. After application, the soils were incubated 
for 20, 40, and 60 days to evaluate the effects of the applied treatments on selected soil chemical 
properties. 
Results: The treatment combinations raised the soil pH significantly (P < 0.001) at the 40 days of 
incubation. All the treatments showed increased P availability with increasing time of incubation. 
Maximum available P was observed at the 60 days of incubation due to application of  8 t FYM ha-1 
+ 30 kg P ha

-1
 + 5 t lime ha

-1
 followed by 8 t compost ha

-1
 + 30 kg P ha

-1
 + 5 t lime ha

-1
. 

Exchangeable acidity and Al
3+

 were reduced significantly (P < 0.001) at the 40 and 60 days of 
incubation with the application of 30 kg P ha-1 + 10 t lime ha-1 followed by 4 t FYM or compost ha-1 + 
15 kg P ha

-1 
+ 10 t lime ha

-1
. The highest exchangeable Ca

2+
 was obtained at 20 days of incubation 

with the application of 30 kg P ha-1 + 10 t lime ha-1 followed by 4 t ha-1 FYM + 15 kg P ha-1 + 10 t 
lime ha

-1
. Sole addition of 10 t lime ha

-1
 increased effective cation exchange capacity (ECEC) from 

17.59 to 22.09 cmolc kg
-1

 at the 40 days of incubation. Likewise, combined applications of 30 kg P 
ha-1 + 10 t lime ha-1 followed by 4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1 improved ECEC of the 
soil from 17.59 to  23.95 and 22.97 cmolc kg

-1
, respectively at the 40 days of incubation. 

Conclusion: Integrated applications of organic and inorganic amendments were found to be more 
effective in reducing soil acidity and Al

3+
 concentration while increasing the fertility of the soil. 

 
 

Keywords: Soil pH; exchangeable acidity; cation ratio; organic amendment. 
 

1. INTRODUCTION 
 

Soil acidity covers a significant part of at least 48 
developing countries located mainly in tropical 
areas, being more frequent in Oxisols and 
Ultisols in South America and in Oxisols in Africa 
[1]. Soil acidity is a critical issue requiring urgent 
attention in most highlands of Ethiopia due to its 
impact on crop production and productivity [2]. 
Recent studies have also indicated that soil 
acidity affects large areas of the cultivated lands 
in different parts of Ethiopia [3].  
 

Most acid soils have been found to be low in 
fertility, with poor chemical and biological 
properties. Strongly acid soil is associated with 
Al, H, Fe, and Mn toxicities to plant roots in the 
soil solutions and deficiencies of the available P, 
Mo, Ca, Mg and K [4]. Aluminum toxicity primarily 
affects the root apex [5]. Exposure to Al causes 
stunting of the primary root and inhibition of 
lateral root formation [6]. The result of restricted 
root system impaired nutrient and water uptake, 
making the plant more susceptible to drought 
stress [7,8]. Among biological properties, 
activities of beneficial microorganisms are 
affected by adverse soil acidity, since in normal 
soils, these microbes might have profound 
effects on decomposition of organic matter (OM), 
nutrient mineralization, immobilization, uptake, 
and utilization by plants and consequently affect 
crop yields [9]. Where management strategies 
have not been put in place, crop yields are 
critically limited under such conditions.  
 

Several practices have been recommended to 
reclaim acidity and upgrade the productivity of 
strongly acid soils. These include the cultivation 
of acid tolerant plants, covering the surface with 
non-acid soil, the use of organic fertilizers, and 
liming. Of these practices, liming and the 
application of organic fertilizers are generally 
considered to be the best measures, because 
their effects are more persistent [10]. However, 
the high cost of fertilizers and lime, and 
unsustainable crop production calls for the use of 
locally available low cost organic sources such 
as manures, green manures, and biofertilizers 
along with inorganics in a synergistic manner for 
sustainable production and to maintain soil 
health [11]. Lime in the form of calcium 
carbonate or dolomite is applied to acid soils to 
increase the pH, Ca concentration, CEC and 
base saturation, and to minimize Al and Mn 
toxicity and P fixation [12-15]. Another research 
indicated that liming can increase, decrease, or 
have no effect on P availability [16]. However, 
recent studies [3,17,18] indicated a significant 
increase in Olsen P due to liming of acid soils. To 
get maximum benefits from liming or for 
improving crop yields, liming materials should be 
applied before sowing of crops and thoroughly 
mixed into the soil to enhance its reaction with 
soil exchange acidity [9].  
 
Addition of manure and compost to acid soils is 
potentially a feasible approach for increasing soil 
pH, decreasing concentrations of Al, and 
reducing lime requirements [17,19-22]. 
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Enhancing P availability is possible through the 
combined use of animal manures, plant residues, 
and green manures with mineral P fertilizers in 
low-P acid soils [21,23]. Organic materials 
supplement P and increase the efficiency of 
applied fertilizer P by chelating soil Fe and Al by 
organic acids released upon decomposition [24]. 
Numerous studies reported that application of 
OM like compost and manures provide nutrients 
and improve the physical properties of soils [25]. 
The role of compost as a complimentary 
amendment for improving soil aggregation, 
increasing microbial biomass, improving moisture 
holding capacity, raising CEC and pH of soils has 
been recognized [26].  
 
Although all these mentioned organic and 
inorganic amendments have significant 
contribution to reduce soil acidity and improve 
soil fertility and nutrient transfer, farming in the 
highlands of Ethiopia is characterized by low 
agricultural productivity as compared with 
developed countries due to progressive soil 
fertility decline over the years and inadequate 
applications of amendments. Some researchers 
have reported the effect of different rates of lime, 
FYM, wood ash, and P application on selected 
soil chemical properties [3,27,28]. However, the 
amount and the time of separate or combined 
applications of lime, manure, compost,                        
and inorganic fertilizers applied to the                
soil and the chemical effects observed are not 
sufficiently investigated in different areas of 
Ethiopia.  
 
Land productivity decline as a result of soil 
acidity and fertility depletion is a major problem 
facing smallholder farmers of Lay Gayint and 
other similar areas of the region. This decline 
primarily results from continuous cultivation and 
crop removal of nutrients, leaching of ions due to 
high amount of rainfall, and low OM use. 
Improved soil fertility and acidity management 
through the use of integrated organic and 
inorganic amendments enables efficient use of 
the inputs applied and increase agricultural 
productivity. However, manure or compost is 
used mostly on small plots that are located 
around the household’s residence and the 
quantity of amendments and the time of 
application is not research based. Hence, this 
study was proposed with the objective of 
determining the effects of lime, mineral P, FYM 
and compost on selected soil chemical properties 
at different periods of incubation of cultivated 
acid soils at Lay Gayint district, in northwestern 
highlands of Ethiopia. 

2. MATERIALS AND METHODS 
 

2.1 Description of the Study Area 
 

The study was conducted at Lay Gayint district of 
South Gondar Zone of the Amhara National 
Regional State (ANRS), Ethiopia. Lay Gayint 
district is located at about 175 km northeast of 
Bahir Dar, along the Woreta-Woldia highway. 
The district lies between the coordinates of 
11°32’-12°16’ N and 38°12’-38°19’ E, and covers 
an estimated area of 1511 km2. Altitude of Lay 
Gayint district varies between 1500 and 4235 
meters above sea level (masl). 
Physiographically, the area is characterized by 
plain (10%), undulating (70%), mountainous 
(15%), and gorges and valleys (5%). The major 
land use patterns of the study area comprise of 
cultivated land (44%), grazing land (14%), 
forest/bush land (5%), water body (2%), 
infrastructure and settlement (6%), and 
unproductive land (29%). Agro-ecologically, the 
district is divided into four elevation and 
temperature zones, namely: lowland (kolla) 
(12.5%), midland (woina-dega) (39.42%), 
highland (dega) (45.39%), and wurch (very cold 
or alpine) (2.71%) [29]. Lay Gayint district 
receives a mean annual rainfall of 1020 mm. The 
main rainy season, which represents the long 
rainy season (meher), occurs between June and 
September, and the small rainy season (belg) 
occurs between March and May. The mean 
minimum and maximum air temperature of the 
district are 6.9 and 21.9°C, respectively [30]. 
Geologically, the study area is covered by 
loosely compacted tuff, boulders tuffs and normal 
light, fine grained tuff, and basalts of varying 
texture which changes laterally to pyroclasts 
erupted during Cenozoic Tertiary and mid to late 
Tertiary period in the Pliocene. The majority of 
the soils in Lay Gayint district include Luvisols, 
Leptosols, Regosols, and Cambisols. Most of the 
people in the district are engaged in mixed crop-
livestock agriculture. The most commonly 
produced crops in the study area are annual 
crops such as, Triticum aestivum L., Eragrostis 
tef (Zuccagni), Zea mays L., Sorghum bicolor L., 
Hordeum vulgare L., Cicer arietinum L., Vicia 
faba L., Phaseolus vulgaris L., and Solanum 
tuberosum L. [29]. 
 

2.2 Soil Sampling and Preparation 
 
Six cultivated lands from the high rainfall area in 
Lay Gayint district were selected. Eight surface 
soil sub-samples (0-20 cm depth) from each land 
were collected using auger and bulked to make 
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one composite soil sample for soil pH 
determination in the field. Based on field soil pH 
test, strongly acid soils with pH < 5 were 
collected from 3 cultivated lands and bulked to 
make one composite sample for laboratory 
analysis. The surface soil samples collected from 
the study area were bagged, labeled, and 
transported to the laboratory for preparation and 
analysis of selected soil physicochemical 
properties. Similarly, bulk soil samples from 
these fields were collected using spade for 
greenhouse incubation experiment. Undisturbed 
soil samples were collected from the cultivated 
lands for determination of bulk density. A 
cylindrical metal core with volume of 100 cm3 
was pressed in to the soil until it is completely 
filled. The soil was trimmed at both ends with a 
knife and covered with a cap, labeled and 
packed in box. 
 
The soil samples were air dried, crushed and 
made to pass through a 2 mm sieve size for 
analysis of soil pH, texture, available P, 
exchangeable bases, exchangeable acidity and 
Al3+, and CEC whereas, for analysis of organic 
carbon (OC) and total N, samples were made to 
pass through 0.5 mm sieve size. The composite 
soil samples were analyzed based on standard 
laboratory procedures. 
 

2.3 Laboratory Analysis of Soil Physical 
and Chemical Properties 

 
Soil texture was determined using the 
Bouyoucos hydrometer method [31]. Bulk density 
(BD) was determined on the undisturbed soil 
sample using the core method, in which the 
samples were dried in an oven set at 105

 o
C to 

constant weight [32]. The oven dried weight was 
divided by the volume of the soil core to get the 
bulk density value. The pH of the soil was 
measured potentiometrically in the supernatant 
suspension of a 1:2.5 soil to water ratio using a 
pH meter as described by [33]. Organic carbon 
was determined using the wet oxidation method 
[34] where the carbon was oxidized under 
standard conditions with potassium dichromate 
(K2Cr2O7) in sulfuric acid (H2SO4) solution. Total 
N was determined by the Kjeldahl method [35] 
while available P was extracted using the sodium 
bicarbonate solution [36]. The exchangeable 
cations (Ca2+, Mg2+, K+ and Na+) were extracted 
with 1 M ammonium acetate (NH4OAc) solution 
at pH 7.0 [35]. Exchangeable Ca2+ and Mg2+ in 
the leachate were determined by atomic 
absorption spectrophotometer (AAS) while 
exchangeable K+ and Na+ were determined by 

flame photometry [37]. The potential cation 
exchange capacity (CEC) of the soil was 
determined from the NH4

+ saturated samples that 
were subsequently replaced by K

+
 using KCl 

solution. The excess salt was removed by 
washing with ethanol and the NH4

+
 that was 

displaced by K
+
 was measured using the micro-

Kjeldahl procedure and reported as CEC [38]. 
Total exchangeable acidity was determined by 
saturating the soil samples with 1 M KCl solution 
and was titrated with 0.02 M NaOH [37]. From 
the same extract, exchangeable Al

3+
 in the soil 

samples was determined by application of 1 M 
NaF, which forms a complex with Al and releases 
NaOH and then NaOH was back titrated with a 
standard solution of 0.02 M HCl as described by 
[39]. 
 

2.4 Manure, Compost, and Liming 
Material Analysis, and Lime 
Requirement Determination  

 
The pH of manure and compost samples was 
measured in water (soil: solution ratio of 1:5) 
using a pH meter with a glass and reference 
calomel electrode after the suspension was 
shaken for 30 minutes and allowed to stand for 1 
hour [40]. Total N content was determined by 
Kjedahl method as described by Jackson [35]. 
The organic carbon was determined by the wet 
oxidation method through chromic acid digestion 
[34]. Total P, K, Ca, Mg and Fe were determined 
following the wet digestion with H2O2/H2SO4 [41]. 
Total Ca, Mg, K and Na were determined by AAS 
and P was measured as described by [42]. The 
calcium carbonate equivalent (CCE) of the Dejen 
lime was determined by dissolving a graduated 
amount of lime with excess of standard 0.5 M 
HCl followed by boiling for 5 minutes. The excess 
acid was back titrated with standard 0.1 M NaOH 
solution using phenolphthalein as an indicator 
after filtration. From the amount of NaOH used to 
neutralize the excess acid of the blank and the 
filtrate, the CCE of the lime was calculated [43] 
as: 
 

 
 
Lime requirement (LR) of the soil was 
determined by Shoemaker, McLean and Pratt 
(SMP) single buffer procedure [44], where 
triplicate dry soil samples each weighing one kg 
were thoroughly mixed with 0, 800, 1600, 2400, 



 
 
 
 

Fekadu et al.; IJPSS, 19(2): 1-16, 2017; Article no.IJPSS.35915 
 
 

 
5 
 

3200, 4000 and 4800 mg of CaCO3. Each soil 
sample weighing one kilogram was filled in 
polyethylene bags and mixed with the rate of 
lime to be tested. Then, the soil was mixed 
thoroughly and incubated under room 
temperature for a period of 30 days. The soil and 
the CaCO3 were wetted with distilled water to 
maintain field capacity. Finally, soil samples were 
collected, dried and ground to pass through a 2 
mm sieve and then the pH was measured. From 
the relationships between the amounts of CaCO3 
applied and the corresponding pH values, the 
level of CaCO3 sufficient to raise the pH of the 
soils to 5.5 was selected as the lime requirement 
of the soils. 
 

2.5 Incubation Study 
 
Based on the pH and the LR, composite soil 
samples of the acid soils were selected for this 
experiment. The composite soil samples were air 
dried and passed through a 2 mm sieve and then 
placed separately in plastic containers and mixed 
with the different treatments in a laboratory. The 
treatments were lime, mineral P as triple super 
phosphate (TSP) fertilizer, FYM, and compost 
which were applied separately and in systematic 
combination at different rates (Table 1).  Manure 
and compost, dried and allowed to pass through 
a 0.25 mm sieve, were added. Farmyard manure 
was collected from Abaregay dairy farm in 
Debretabor. Compost was prepared from wheat 
straw, manure, green leaves and thin layer of 
topsoil supplied with moisture and aeration 
conditions. The compost was turned once and 
kept in the pit for 3 months before the incubation 
experiment. The matured compost was observed 
to be dark, crumbly, and earthy-smelling 

substance with acceptable C: N ratio. Dejen lime 
was used as a liming material, which is calcitic 
with moisture content of 1.0562%, purity of 0.91 
and fineness factor of 0.52 (27). Lime which 
passed through 50 and 100 mesh size was 
added based on the LR of the soil. The lime used 
for the experiments was found to have a CCE of 
93.8%. A completely randomized design (CRD) 
was used and treatments were replicated three 
times. The study was conducted in plastic 
containers with 500 g of soil in each plastic 
container. Lime, mineral P fertilizer, manure and 
compost were incubated for two months in a 
greenhouse having a temperature 18°C and 
humidity of 51%. All pots were subjected to 
wetting and drying cycles every 3 days during the 
incubation period. Soil samples were drawn at 
20, 40  and 60 days of the incubation period and 
then were air dried and sieved through a 2 mm 
sieve and used for analysis of soil pH, 
exchangeable acidity, exchangeable Al

3+
, 

exchangeable bases, ECEC, and available P. 
The soil chemical analysis procedures outlined 
under Section 2.3 were employed for the 
analysis of these parameters. Effective cation 
exchange capacity was determined as the sum 
of exchangeable Ca2+, Mg2+, K+, and 
exchangeable acidity. 
 

2.6 Statistical Analysis 
 
The data obtained was subjected to analysis of 
variance (ANOVA) by using statistical analysis 
system (SAS) software package version 9.1 [45]. 
The Duncan’s Multiple Range Test (DMRT) was 
employed to test the significant difference 
between means of treatments at 1 % probability 
level. 

  
Table 1. List of treatments for incubation study 

 
Treatments  Descriptions  
Control  
Compost only  

No lime, FYM, P and compost 
8 t ha

-1
 

FYM only 8 t ha-1 
P only 30 kg ha

-1
 

Lime only 10 t ha
-1

 
P + lime R 30 kg ha-1 + 10 t ha-1 
P + ½ lime 30 kg ha

-1 
+ 5 t ha

-1
 

Compost + ½ lime  8 t ha-1 + 5 t ha-1 
FYM + ½ lime 8 t ha

-1 
+ 5 t ha

-1
 

Compost + P + ½ lime 8 t ha 
-1 

+ 30 kg ha
-1 

+ 5 t ha
-1

 
FYM + P + ½ lime 8 t ha -1 + 30 kg ha-1 + 5 t ha-1 
½ compost + ½ P + lime R 4 t ha 

-1 
+ 15 kg ha

-1
 + 10 t ha

-1
 

½ FYM + ½ P + lime R 4 t ha -1 + 15 kg ha-1 + 10 t ha-1 
½ compost + ½ P + ½ lime  4 t ha

-1 
+ 15 kg ha

-1
 + 5 t ha

-1
 

½ FYM + ½ P + ½ lime  4 t ha
-1 

+ 15 kg ha
-1

 + 5 t ha
-1
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3. RESULTS AND DISCUSSION 
 
3.1 Soil Fertility Status Prior to 

Experiment and Quality of Organic 
Amendments 

 
Following the USDA [46] soil textural class 
triangle, the soil is clay in texture and the clay 
separate is the dominant one (Table 2).  The soil 
bulk density value was below the critical value of 
1.4 g cm

-3
 for a clay texture to restrict root growth 

[47]. The soil was very strongly acidic in reaction 
[47]. The exchangeable soil acidity (Al

3+
 + H

+
) 

was 4.04 cmolc kg
-1 

soil. Under such soil acidity 
environment, crop growth is adversely affected 
due to the toxicity of Al on plant roots, reduced 
availability of P, and microbial activity such as 
atmospheric N2 fixation, and OM decomposition 
[4, 9]. The available P falls within the low range 
(6-10 mg kg-1) for clay soils [48] and, therefore, 
indicates the need for applying supplemental P in 
these soils. 
 

Table 2. Selected physical and chemical 
properties of the experimental soil 

 
Parameter Value 
Sand (%) 19 
Silt (%) 36 
Clay (%) 45 
Textural class clay 
Bulk density (g cm

-3
) 1.3 

pH (H2O) 4.93 
Exchangeable Ca

2+
  (cmolc kg

-1
) 9.98 

Exchangeable Mg
2+

 (cmolc kg
-1

) 4.26 
Exchangeable K

+
 (cmolc kg

-1
) 0.45 

Exchangeable Na+ (cmolc kg-1) 0.38 
Cation exchange capacity (cmolc kg

-1
) 33.7 

Exchangeable acidity (cmolc kg
-1

) 4.04 
Exchangeable Al3+ (cmolc kg-1) 1.77 
Organic carbon (%) 1.27 
Total nitrogen (%) 0.19 
Olsen P (mg kg

-1
) 5.87 

 
Exchangeable Ca2+ and K+ were in the range of 
moderate, while exchangeable Mg

2+
 and Na

+
 

were in the range of high and low, respectively in 
the soil [47]. The high amount of exchangeable 
Mg2+ could be attributed to the presence of Mg 
bearing minerals in the area, that gradually 
release from the mineral structure. The moderate 
range of exchangeable K+ indicates that 
supplemental K fertilization is required based on 
the types and varieties of crops grown in the 
area. The CEC of the soil was 33.70 cmolc kg

-1 

soil. The soils at the experimental site had 

moderate organic C (1.27%) and total N (0.19%) 
[49]. The result of LR determination indicated 
that the amount of lime required to raise the pH 
of the soils to the target pH value, which was 5.5, 
was 10 t CaCO3 ha-1. Since the soil has high clay 
content and CEC and thus high buffering 
capacity, high amount of lime was required to 
alleviate acidity and increase the productivity of 
acid sensitive crops. 
 
The result of analysis of FYM and compost are 
indicated in Table 3. The composting materials 
used such as grass clippings, leaves and wheat 
straw were rich in C and thus had lower N added 
to the soil. The total C contents were 13.87 and 
18.41% with a corresponding C: N ratio of 12.5 
and 20.2 for FYM and compost, respectively.  
The ideal range of C: N in compost is 15:1-35:1 
[50]. 
 

3.2 Effects of Organic and Inorganic 
Amendments on Soil pH and 
Available P 

 
Soil pH was significantly (P < 0.001) increased 
with single or combined applications of the 
treatments except sole P (Table 4). Soil pH 
improvement was observed between the 20 and 
40 days of incubation after which it declined for 
some of the treatments (Table 4). Application of 
30 kg P ha-1 + 10 t lime ha-1 followed by 4 t FYM 
ha-1 + 15 kg P ha-1 + 10 t lime ha-1 showed a 
marked increase in pH at the 20 and 40 days of 
incubation and a decrease at 60 days of 
incubation. The results of the sole application of 
the treatments indicate that the effect of lime in 
reducing the level of soil acidity was more 
immediate and considerable as compared with 
the other treatments (Table 4). Although 
increasing the lime rate from 5 to 10 t ha

-1
 in the 

combination showed a linear increase in soil pH, 
combined application of half FYM or compost 
with half lime and P could be sufficient to 
improve soil pH to a level where soil acidity is 
reduced and nutrient availability is increased. 
Unlike the gradual change in pH due to FYM or 
compost application observed in this study, an 
immediate increase in the pH of acid soils after 
application of fresh cattle manure, and persistent 
increase during 60 days of incubation of soil 
manure mixtures was reported by [51]. The high 
initial pH, exchangeable bases, and proton 
consumption capacity might have contributed to 
the rise in pH of FYM or compost amended soils 
[52]. Similar effect on soil pH after manure or 
compost applications was reported [53]. It has 
been also suggested that changes in the pH of 
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soils amended with cattle manure could be 
explained by the release of NH3 from organic N 
mineralization [52]. Another justification could be 
due to the buffering of carbonates and 
bicarbonates and other compounds, such as 
organic compounds with carboxyl and phenolic 
hydroxyl functional groups, which consume 
proton and control the variation of pH in soils and 
their ability of buffering to neutralize soil acidity 
[19,54]. 
 
In the case of lime, the increase in soil               
moisture causes the dissociation of the 
carbonates of Ca at the end of the reaction and, 
the release of OH− ions in the solution, which 
increases soil pH [55, 56]. The pH decline after 
40 days of incubation could be attributed to the 
H+ produced during the conversion of organic N 
and S to NO3

-
 and SO4

2-
, respectively [57]. 

However, under field conditions much nitrate 
produced would be absorbed by growing plants 

leading to the release of OH- ions that can 
neutralize soil acidity [58]. 
 
Application of organic and inorganic 
amendments significantly (P < 0.001) improved 
available P at various periods of incubation over 
the control (Table 4). All treatments showed 
increased P availability consistently with 
increasing time of incubation. Maximum available 
P was observed at the 60 days of incubation due 
to application of  8 t FYM ha

-1
 + 30 kg P ha

-1
 + 5 t 

lime ha
-1

, with an increase of 70%, over the 
control. On the other hand, sole addition of 30 kg 
P ha

-1
 increased available P by 52%, over the 

control at the 60 days of incubation. The 
increased availability of P with time due to 
application of FYM or compost separately or in 
combination could be the result of gradual 
mineralization of OM [59] and the release of 
organic acids that bound with Al and decrease P 
fixation [60]. 

  

Table 3. Chemical characteristics of FYM and compost 
 

Amendment pH-H2O 
(1:5) 

 N C P  Ca K Mg Na 
 ----------------------------(%)---------------------------- 

Farmyard manure 7.6  1.11 13.87 0.31 1.52 1.51 0.72 0.14 
Compost  7.2  0.91 18.40 0.29 1.43 1.63 0.59 0.15 

 

Table 4. Effects of organic and inorganic amendments on soil pH and available P 
 

Treatments  20 days  40 days 60 days 20 days  40 days 60 days 
Soil pH Available P (mg kg-1) 

Control  4.85m 4.87lm 4.95lm 5.87l 6.27kl 6.76f-l 
8 t compost ha

-1 
 5.21lm 5.21lm 5.36kl 6.60 jkl 6.79i-l 9.27b-h 

8 t FYM ha-1  5.19lm 5.29klm 5.35klm 6.22 kl 6.54jkl 10.01a-e 
30 kg P ha

-1 
 4.99lm 4.89lm 4.89klm 8.33 d-k 9.19b-h 10.28a-d 

10 t lime ha
-1

  5.99d-h 6.22b-e 6.11c-g 6.19 kl 7.61g-l   9.27b-h 
30 kg P ha-1 + 10 t lime ha-1  6.26bcd 6.59a 6.10c-g 10.33 a-d 9.40b-k 10.87a-d 
30 kg P ha

-1 
+ 5 t lime ha

-1
  5.76hij 6.12c-g 5.93e-i 6.82 i-l 7.92e-l 10.12a-e 

8 t compost ha-1 + 5 t lime 
ha

-1
  

5.87g-j 5.91f-i 5.56jk 7.46 h-l 7.69f-l   9.35a-h 

8 t FYM ha
-1 

+ 5 t lime ha
-1

  5.91e-i 6.11c-g 5.89f-i 6.82 i-l 7.29h-l   9.21b-h 
8 t compost ha-1 + 30 kg P 
ha

-1 
+ 5 t lime ha

-1
  

5.94e-i 5.95d-i 5.87g-j 7.91 e-l 8.05e-l 11.10ab 

8 t FYM ha-1 + 30 kg P ha-1 + 
5 t lime ha

-1
  

5.91e-i 5.94e-i 5.79hij 9.45 a-h 10.05a-e 11.52a 

4 t compost ha-1 + 15 kg P 
ha-1 + 10 t lime ha-1  

6.03c-h 6.32abc 6.03c-h 9.69 a-g 9.84a-f 10.43a-d 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 
10 t lime ha-1  

6.43ab 6.48ab 6.19b-f 8.81 c-i 8.91b-i 10.93abc 

4 t compost ha
-1 

+ 15 kg P 
ha-1 + 5 t lime ha-1 

5.56jk 5.91f-i 5.86g-j 6.72g-l 7.82f-l   8.80c-i 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 
5 t lime ha

-1
  

5.67ij 5.97d-i 5.75hij 6.23kl 8.66d-j   9.99a-e 

CV (%)  3.32 11.75 
Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = coefficient of 

variation 
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Net P mineralization would also be expected to 
occur because FYM had a higher P 
concentration (0.31%) than the critical level of 
0.25% required for net P mineralization [61]. The 
presence of humic acid and fulvic acid on soil 
and oxide surfaces restrict subsequent P 
adsorption [19]. The observed earlier availability 
of the highest P with lime and P application might 
be due to the rapid neutralization of soil acidity 
and increased solubility of the applied TSP 
fertilizer. An increase in the available P content in 
strongly acid soils after liming was also recorded 
in other experiments [62]. Generally, incubation 
of all various combinations

 
for 60 days, and 

incubation of 30 kg P ha-1 plus 10 t lime ha-1 for 
20 days could improve the soil available P to the 
moderate range. 
 

3.3 Effects of Organic and Inorganic 
Amendments on Exchangeable 
Acidity and Al3+  

 
Exchangeable acidity and Al3+ were affected 
significantly (P < 0.001) due to application of 
treatments and over incubation period (Table 5). 
Exchangeable acidity and Al3+ were reduced to 
the lowest level with the application of 30 kg P 
ha-1 + 10 t lime ha-1 followed by 4 t FYM or 
compost ha

-1
 + 15 kg P ha

-1 
+ 10 t lime ha

-1
. 

Statistically, application of 4 t FYM ha-1 + 15 kg P 
ha

-1
 + 5 t lime ha

-1
 was as effective as the above 

two treatments in reducing exchangeable acidity 
and Al3+. Among the sole treatments, application 
of 10 t lime ha

-1
 reduced exchangeable acidity 

and Al3+ significantly over the control (Table 5). 
Considering the incubation period, application of 
all treatments consistently reduced 
exchangeable acidity and Al3+ with increasing 
time. The changes were significantly rapid at the 
20 days of incubation with sole or the combined 
application of FYM, P and lime. When full or half 
rate of FYM, or compost was combined with half 
or full rate of lime in the treatment combinations, 
exchangeable Al

3+
 was reduced to the level of 

non toxicity at the 60 days of incubation, 
indicating that including organic amendments 
could reduce soil acidity but at a relatively slower 
rate. This might be ascribed to the time taken for 
complete decomposition of the applied OM. 

 
Although both lime and FYM contributed in 
reducing exchangeable acidity and Al

3+
, the 

changes observed were largely attributed to the 
applied lime. Because it was shown that, from 
the separate treatment applications, lime was 
found to be superior in reducing soil acidity. 

Application of lime tends to raise the soil pH and 
reduce acidity by displacement of H

+
, Fe

2+
, Al

3+
,
 

and Mn4+ ions from soil adsorption site [18]. 
Similarly, the presence of CO3

2-
 and OH

- 
anions 

in lime neutralize the H+ released from the 
exchange sites and hydrolyzing Al species to the 
soil solution [9]. Increase in soil pH and 
exchangeable bases due to liming of acid soils, 
and the consequent reduction in the magnitude 
of exchangeable acidity and Al3+ saturation was 
reported by [18].  
 
A significant change in soil pH from 4.6 to values 
above 5.6, and exchangeable acidity from 3.00 
cmolc kg-1 to below 0.35 cmolc kg-1 due to 
application of manure was reported [15]. Another 
study conducted in acid soil in Kenya reported 
that application of FYM increased the soil pH and 
reduced the exchangeable acidity and Al

3+
 in the 

short term, but the inorganic P sources did not 
significantly affect these parameters [21]. Many 
studies have indicated that addition of OM to acid 
soils can reduce Al toxicity [63]. Organic matter 
reduces Al toxicity and its acidulating effect either 
by chelating or encapsulating the Al3+ [64]. An 
increase in soil pH due to manure application 
apparently results in precipitation of 
exchangeable and soluble Al

3+
 as insoluble Al 

hydroxides thus reducing the concentration of 
Al3+ in soil solution [15].  

 
3.4 Effects of Organic and Inorganic 

Amendments on Exchangeable Bases  
 
Exchangeable Ca2+ was significantly (P < 0.001) 
affected by organic and inorganic treatments and 
incubation period (Table 6). However, the effect 
of treatments on the other exchangeable bases 
was not significant (P > 0.001) (Table 6 and 7). 
The highest exchangeable Ca2+ was obtained at 
20 days of incubation with the application of 30 
kg P ha

-1
 + 10 t lime ha

-1
 followed by 4 t ha

-1
 

FYM + 15 kg P ha-1 + 10 t lime ha-1. Among the 
sole treatments, lime at the 20 days and FYM at 
the 60 days gave the highest exchangeable 
Ca

2+
. Period of incubation did not show 

consistency for exchangeable Ca2+ and Mg2+. In 
most of the treatments that have only lime or 
combinations having lime, exchangeable Ca

2+
 

and Mg2+ showed antagonistic relationships. For 
example, applications of 10 t lime ha

-1
,  30 kg P 

ha-1 + 10 t lime ha-1, 8 t compost ha-1 + 5 t lime 
ha

-1
, 8 t FYM ha

-1 
+ 30 kg P ha

-1 
+ 5 t ha

-1 
lime 

ha
-1

 brought about a decrease in exchangeable 
Ca2+ and an increase in exchangeable Mg2+ with 
increasing incubation period. 
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Table 5. Effects of organic and inorganic amendments on exchangeable acidity and Al
3+

 
 

Treatments  20 days  40 days 60 days 20 days  40 days 60 days 
Ex acidity (cmolc kg-1) Ex Al3+ (cmolc kg-1) 

Control  4.16a 4.07a 3.95ab 1.78a 1.77a 1.74a 
8 t compost ha

-1 
 3.72b 2.78de 1.31hi 1.57b 1.23c 0.64f 

8 t FYM ha-1  3.27c 2.53e 1.26hi 1.26c 0.82e 0.58fg 
30 kg P ha

-1 
 4.12a 4.04a 3.95ab 1.76a 1.74a 1.73a 

10 t lime ha
-1

  0.66kl 0.26m-p 0.07op 0.16lm 0.03mn 0.00n 
30 kg P ha-1 + 10 t lime ha-1  0.63kl 0.38l-o 0.04p 0.17klm 0.05mn 0.00n 
30 kg P ha

-1 
+ 5 t lime ha

-1
  2.95d 1.86g 0.53klm 0.99d 0.65f 0.39hi 

8 t compost ha-1 + 5 t lime ha-1  2.76de 1.52h 1.20hi 1.15c 0.35hij 0.15lmn 
8 t FYM ha

-1 
+ 5 t lime ha

-1
  2.15f 1.29hi 0.55klm 0.81e 0.35hij 0.00n 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 
5 t lime ha-1  

1.81g 1.19i 0.80jk 0.63f 0.31ijk 0.16lm 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t 
lime ha-1  

1.08ij 0.65kl 0.21nop 0.43hi 0.11lmn 0.00n 

4 t compost ha
-1 

+ 15 kg P ha
-1

 + 
10 t lime ha-1  

0.75k 0.15op 0.09op 0.23jkl 0.03mn 0.00n 

4 t FYM ha-1 + 15 kg P ha-1 + 10 
t lime ha

-1
  

0.50k-n 0.11op 0.08op 0.14lmn 0.00n 0.00n 

4 t compost ha-1 + 15 kg P ha-1 + 
5 t lime ha

-1
 

1.31ij 0.88jk 0.26m-p 0.22jkl 0.05mn 0.00n 

4 t FYM ha-1 + 15 kg P ha-1 + 5 t 
lime ha

-1
  

1.24ij 0.76k 0.13op 0.16lm 0.03mn 0.00n 

CV (%)  11.15 14.12 
Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = coefficient of 

variation 
 

Table 6. Effects of organic and inorganic amendments on exchangeable Ca
2+

 and Mg
2+

 
 
Treatments  20 days  40 days 60 days 20 days  40 days 60 days 

Ex Ca2+ (cmolc kg-1) Ex Mg2+ ( cmolc kg-1) 
Control  9.98lm 10.43klm 11.11h-m 4.26 4.11 3.82 
8 t compost ha

-1 
 10.82i-m 11.22g-m 13.16e-l 4.26 4.18 2.97 

8 t FYM ha-1  10.64j-m 10.48klm 13.29d-l 4.87 5.29 3.21 
30 kg P ha

-1 
 9.32m 11.11h-m 11.50f-m 4.81 3.53 3.26 

10 t lime ha
-1

  17.48abc 17.06a-e 15.40b-e 2.15 3.97 4.05 
30 kg P ha-1 + 10 t lime ha-1  19.54a 18.69ab 14.11c-k 2.68 4.24 4.58 
30 kg P ha

-1 
+ 5 t lime ha

-1
  14.61c-i 13.50d-l 14.56c-i 2.66 4.87 3.81 

8 t compost ha-1 + 5 t lime ha-1  15.83a-e 15.22b-f 14.32c-j 2.73 3.84 4.00 
8 t FYM ha

-1 
+ 5 t lime ha

-1
  16.06a-e 15.01b-g 15.35b-f 2.50 4.13 3.18 

8 t compost ha-1 + 30 kg P ha-1 + 
5 t lime ha

-1
  

15.06b-f 14.03c-k 14.85b-h 3.29 3.55 3.55 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t 
lime ha-1  

15.90a-e 14.48c-i 14.22c-k 2.39 5.23 6.50 

4 t compost ha
-1 

+ 15 kg P ha
-1

 
+ 10 t lime ha-1  

17.53abc 16.64a-e 16.22a-e 3.24 5.23 5.55 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 
t lime ha

-1
  

19.35a 17.85abc 17.14a-d 2.37 4.23 4.92 

4 t compost ha-1 + 15 kg P ha-1 
+ 5 t lime ha

-1
 

15.85a-e 14.10c-k 13.23e-l 2.21 3.25 3.55 

4 t FYM ha-1 + 15 kg P ha-1 + 5 t 
lime ha

-1
  

16.15a-e 15.30b-f 14.40c-j 2.50 3.55 3.67 

CV (%) 13.10 42.37 
Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = coefficient of 

variation 
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Table 7. Effects of organic and inorganic amendments on exchangeable K
+
 and Na

+
 

 

Treatments  20 
days  

40 
days 

60 
days 

20 
days  

40 
days 

60 
days 

Ex K+ (cmolc kg-1) Ex Na+ (cmolc kg-1) 
Control  0.50 0.48 0.55 0.38 0.44 0.37 
8 t compost ha

-1 
 0.55 0.50 0.49 0.34 0.49 0.33 

8 t FYM ha-1  0.45 0.53 0.55 0.29 0.42 0.39 
30 kg P ha

-1 
 0.47 0.53 0.54 0.29 0.37 0.39 

10 t lime ha
-1

  0.47 0.54 0.49 0.30 0.45 0.36 
30 kg P ha-1 + 10 t lime ha-1  0.49 0.52 0.51 0.30 0.44 0.37 
30 kg P ha

-1 
+ 5 t lime ha

-1
  0.47 0.51 0.57 0.37 0.36 0.43 

8 t compost ha-1 + 5 t lime ha-1  0.48 0.51 0.51 0.31 0.35 0.36 
8 t FYM ha

-1 
+ 5 t lime ha

-1
  0.44 0.56 0.54 0.35 0.47 0.36 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1

  0.49 0.53 0.56 0.39 0.53 0.42 
8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1  0.55 0.47 0.54 0.32 0.34 0.39 
4 t compost ha

-1 
+ 15 kg P ha

-1
 + 10 t lime ha

-1
  0.53 0.53 0.54 0.32 0.39 0.38 

4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1  0.49 0.50 0.53 0.30 0.41 0.36 
4 t compost ha

-1 
+ 15 kg P ha

-1
 + 5 t lime ha

-1
 0.41 0.45 0.51 0.41 0.32 0.38 

4 t FYM ha-1 + 15 kg P ha-1 + 5 t lime ha-1  0.55 0.52 0.54 0.35 0.33 0.36 
CV (%) 11.05 18.32 

CV = coefficient of variation 

 
Several researchers [12,55,65] reported 
increased Ca2+ and Mg2+ as a result of lime and 
FYM applications on acid soils. The increased 
exchangeable Ca2+ could be due to the 
dissociation of lime and the decomposition of OM 
[66]. In agreement with this result, [67] also found 
increase in exchangeable Ca2+ in the soil as a 
result of applied manure either alone or 
combined with lime and attributed this increase 
to improvement of soil pH, as was observed in 
this study. The observed antagonistic relation 
between exchangeable Ca

2+
 and Mg

2+
 could be 

due to the rapid dissolution of CaCO3 to increase 
the exchangeable Ca2+ that compete with Mg2+ to 
take the exchange site whereas the effect of 
decomposition of FYM or compost gradually 
improved the exchangeable Mg

2+
 with increasing 

period of incubation from 20 to 60 days. In the 
same way, exchangeable Ca2+ can compete with 
Mg

2+
 for binding sites on soil colloids, increasing 

the likelihood that exchangeable Mg2+ will be 
leached from soils after it has been released 
from exchange sites [68]. 
 

3.5 Effects of Organic and Inorganic 
Amendments on ECEC and Cation 
Ratios  

 

Effective cation exchange capacity was affected 
significantly (P < 0.001) due to organic and 
inorganic treatment applications (Table 8). Sole 
or combined applications of lime, compost, and 
FYM improved the ECEC of the soil. Considering 
sole treatment applications compared with the 

control, addition of 10 t lime ha
-1

 increased 
ECEC from the respective control to 20.82 and 
22.09 cmolc kg

-1
 at the 20 and 40 days of 

incubation, respectively. Likewise, combined 
applications of 30 kg P ha

-1 
+ 10 t lime ha

-1
, 4 t 

FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1, and  8 t 
FYM ha-1 + 5 t lime ha-1 improved ECEC of the 
soil from 17.59 to  23.95, 22.97, and 20.27 cmolc 
kg-1, respectively at the 40 days of incubation. At 
low pH values, Al

3+
 is the predominant 

exchangeable cation on clay minerals. As the pH 
is raised due to lime application, the Al

3+
 

hydrolyzes, freeing the exchange sites for Ca
2+

, 
and results in an increase in the ECEC [69]. 
Moreover, the improvement could also be 
attributed to the integrated effect of the 
amendments by improving soil pH, microbial 
activity, and exchangeable bases from FYM and 
compost decomposition. Increased ECEC and 
nutrient concentrations in acid soils amended 
with compost or manure were observed in 
Senegal’s peanut basin [70]. Significant 
increases in exchangeable Ca2+, Mg2+ and ECEC 
were obtained following the application of organic 
materials [54]. Similarly, liming acid soil 
significantly increased base saturation and 
ECEC [71]. The effects of separate or combined 
application of organic and inorganic amendments 
on the ratio of exchangeable Ca/K was 
significant (P < 0.001), but it was found to be 
non-significant on the ratio of Ca/Mg and Mg/K 
(Table 8). However, it was observed that 
numerical variations exist among the treatments 
and the incubation periods. Application of
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Table 8. Effects of organic and inorganic amendments on exchangeable cation ratios and ECEC 
 

Treatments  20 
days  

40 
days 

60 
days 

20  
days  

40 
 days 

60  
days 

20 
days  

40 
days 

60 
days 

20 
days 

40  
days 

60  
days 

Ex Ca/Mg Ex Ca/K Ex Mg/K ECEC ( cmolc kg
-1

) 
Control  2.38 3.32 3.37 19.98i 21.69ghi 20.47hi 8.48 8.52 7.01 17.36j 17.59ij 18.30ghi 
8 t compost ha-1  2.55 2.81 4.51 19.67i 22.15f-i 26.51c-i 7.76 8.26 6.09 17.84ghi 18.23ghi 18.38g-j 
8 t FYM ha

-1 
 2.24 1.99 3.41 24.97d-i 19.96i 24.31e-i 11.89 9.99 7.53 18.07ghi 18.51g-j 19.75c-j 

30 kg P ha
-1 

 2.11 3.51 4.15 19.84i 21.09ghi 21.15ghi 10.32 6.71 6.18 17.62ij 18.02ghi 18.04ghi 
10 t lime ha-1  11.19 4.31 3.84 38.83ab 31.11a-h 31.54a-g 4.48 7.31 8.37 20.82a-i 22.09a-f 20.42b-j 
30 kg P ha

-1 
+ 10 t lime ha

-1
  10.40 4.55 3.08 40.54a 36.45abc 27.46c-i 5.18 8.41 15.19 23.06ab 23.95a 22.64a-d 

30 kg P ha-1 + 5 t lime ha-1  10.29 4.55 3.85 31.18a-h 26.65c-i 25.57c-i 5.67 9.64 6.69 18.24ghi 19.31d-j 19.59d-j 
8 t compost ha

-1 
+ 5 t lime ha

-1
  6.46 3.98 4.23 33.28a-e 29.57b-h 28.41b-i 5.63 7.46 7.90 22.12a-f 19.98b-j 19.54d-j 

8 t FYM ha
-1 

+ 5 t lime ha
-1

  6.48 3.76 6.26 36.27abc 27.08c-i 28.35b-i 5.69 7.40 5.76 19.45d-j 20.27b-j 19.61d-j 
8 t compost ha-1 + 30 kg P ha-1 

+ 5 t lime ha
-1

  
4.85 4.40 4.41 30.22a-h 26.54c-i 26.53c-i 6.69 6.83 6.31 19.33d-j 18.72g-j 19.62d-j 

8 t FYM ha-1 + 30 kg P ha-1 + 5 
t lime ha

-1
  

9.08 7.21 4.60 29.18b-h 32.79a-f 26.58c-i 4.24 7.90 6.45 20.25b-h 18.55g-j 18.86f-j 

4 t compost ha-1 + 15 kg P ha-1 
+ 10 t lime ha-1  

5.61 7.96 3.54 32.92a-f 31.61a-g 30.13a-h 6.07 7.15 9.50 21.69a-g 21.24a-h 22.28a-e 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 
10 t lime ha-1  

11.30 4.54 7.44 40.75a 35.90a-d 33.21a-e 4.80 8.29 4.52 22.54a-e 22.97abc 20.42b-j 

4 t compost ha
-1 

+ 15 kg P ha
-1

 
+ 5 t lime ha-1 

7.17 4.34 3.73 38.66ab 31.33a-g 25.94c-i 5.41 6.59 7.02 18.88f-j 18.12ghi 17.67ij 

4 t FYM ha
-1 

15 kg P ha
-1

 + 5 t 
lime ha

-1
  

6.46 4.31 3.92 29.36b-h 29.42b-h 26.67c-i 4.60 6.91 6.81 19.55d-j 19.70c-j 18.97f-j 

CV (%)  68.15 19.00 46.13  8.19 
Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = coefficient of variation
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4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1, and 
10 t lime ha

-1
 + 30 kg P ha

-1
 increased the ratio 

of Ca/K from 19.98 to 40.75 and 40.54, 
respectively at the 20 days of incubation. The 
observed increased ratio might be due to the 
availability of Ca from the applied lime. Although 
statistically, non-significant values were obtained 
for Ca/Mg and Mg/K ratios, the nutrient balance 
is more affected by the magnitude of the ratio. 
The influence of liming on cation ratio has been 
reported by different researchers [71,72]. The 
basic cation ratio philosophy promotes that 
maximum yields can be achieved by creating an 
ideal ratio of Ca, Mg, and K in the soil [73]. 
Graham [74] proposed that for production of 
annual crops, ratio ranges of 7.1 to 10.8 for 
Ca/Mg, 17.0 to 32.5 for Ca/K, and 2.4 to 3.0 for 
Mg/K in soils are needed. Accordingly, calculated 
values of Ca/Mg ratio for the applied 30 kg P ha

-1 

+ 5 or 10 t lime ha-1 at the 20 days incubation, 
and 8 t FYM ha

-1 
+ 15 kg P ha

-1 
+ 5 t lime ha

-1
at 

the 40 days incubation were within the proposed 
range. The ratio of Ca/K in most of the separate 
or combined treatments across the incubation 
periods could be considered as favorable ratio 
for most crops whereas the Mg/K ratio obtained 
was higher than the proposed values. 
 
Lierop et al. [75] suggested that onion appears to 
be able to absorb sufficient Ca and Mg to meet 
its requirement for these nutrients within at least 
a soil-extracted Ca/Mg range of about 0.5 to 16, 
as yield did not seem to be affected by 
unfavorable Ca/Mg ratios within that range. 
Common bean produced maximum grain yield at 
pH (water) 6.3, Ca/Mg ratio 3.1, Ca/K ratio 22.6, 
and Mg/K ratio of 6.7 in acid soils treated with 
dolomitic lime and Fe [76]. In contrast to the 
proposed ranges discussed above, [77] reviewed 
that examination of data from numerous studies 
would suggest that, within the ranges commonly 
found in soils, the chemical, physical, and 
biological fertility of a soil is generally not 
influenced by the ratios of Ca, Mg, and K. 
 
4. CONCLUSION 
 
Soil acidity is a critical issue requiring urgent 
attention in most highlands of Ethiopia due to its 
impact on crop production and productivity. Thus, 
organic and inorganic amendments were tested 
to evaluate the effects on selected soil chemical 
properties. Accordingly, all the treatments, when 
applied as a sole or in combination, improved the 
selected soil properties significantly with the 
exception of few parameters. The treatments, for 
most of the parameters, were more effective 

when applied in combination than sole. The 
changes in soil properties across treatments 
varied with incubation period. The gradual 
mineralization of FYM and compost, and the 
resultant release of carbonates, bicarbonates, 
and other compounds in general, and the rapid 
dissociation of lime in the combination affect the 
rate of change of soil chemical properties. For 
the sole treatments, lime was found to change 
the selected soil properties more quickly than the 
FYM and compost. 
 
Therefore, combined application of 4 t FYM ha-1 

+ 15 kg P ha
-1 

+ 10 t lime ha
-1

 or 8 t FYM ha
-1

 + 
30 kg P ha-1 + 5 t lime ha-1 could be taken as a 
provisional recommendation for managing soil 
acidity and improving soil fertility in Lay Gayint 
district. Generally, 40 to 60 days of incubation 
earlier to planting would allow decomposition and 
chemical reaction of lime, FYM, and compost 
combinations with the soil and improve soil 
properties. 
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