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ABSTRACT 11 

 12 
Soil fertility loss due to soil acidity is a major constraint for crop production in western Ethiopia. A 13 
study was conducted in the acidic soil of Assosa for two main growing seasons (2014 and 2015) to 14 
assess the effect of integrated application of compost, lime and phosphorus on selected properties of 15 
soil and P use efficiency of maize. The treatments were factorial combinations of compost (0 and 5 t 16 
ha

-1
), lime (0, 1.5 and 3 t ha

-1
) and phosphorus (0, 20 and 40 kg P ha

-1
) in randomized complete block 17 

design with three replications. The combined analysis of the two season data showed, significant 18 
(P<0.01) interaction effects of season with compost and season with P on soil pH; compost with P; 19 
and lime with P on apparent P recovery and utilization efficiency; season, lime and P on 20 
exchangeable acidity; and interactions of season, compost, lime and phosphorus on the available P. 21 
The highest soil pH (6.23) was observed due to compost (5 t ha

-1
) in the first season (2014) and the 22 

highest reduction in exchangeable Al (0.05 cmolc kg
-1

) was due to lime (3 t ha
-1

)
 
in the first season 23 

(2014). The highest P apparent recovery (6.29%) and utilization efficiencies (169.12 kg kg
-1

) were 24 
observed due to combination of compost (5 t ha

-1
) with P (20 kg P ha

-1
). The exchangeable acidity 25 

was highly reduced due to combination of lime at 1.5 t ha
-1

 with P at 40 kg P ha
-1

 in the first season; 26 
while the highest available P (15.04 and 14.65 cmolc kg

-1
) was observed due to combination of 27 

compost at 5 t ha
-1

, lime at 1.5 t ha
-1

 and P at 40 and 20 kg P ha
-1

 in the first season. Therefore, 28 
combination of compost with P or combination of compost, lime with P could be helpful treatments in 29 
reducing the exchangeable acidity and increase the available P use efficiency, respectively.   30 

 31 

Keywords: Available P; Exchangeable acidity; Maize; P use efficiency; Soil pH 32 

 33 

 34 

 35 

 36 

 37 

 38 



2 

 

E-mail: kirubtsh@gmail.com 

1. INTRODUCTION 39 

 40 
Decline in soil fertility is still heading forward as a major crop production problem, exhibiting itself 41 
through loss of soil nutrients, depletion of soil organic matter and plant toxicity. The depletion in 42 
organic matter (OM) is caused by burning of forests, bush lands and grass lands with consequential 43 
washing up of the left over ash by runoff leading to depletion of the remaining nutrients [1].  44 
 45 
In addition to OM depletion, about 40% of the cultivated soils have got acidity problem in Ethiopia, 46 
which ranges from slightly acidic to strongly acidic conditions; the magnitude of the latter being about 47 
15% [2]. Soil acidity status in western and central Ethiopia, carried out in three Zones (East, West 48 
Wellega and West Showa) also showed all samples collected from the three study Zones were acidic. 49 
The degree of soil acidity in this region varied among study Zones, districts, and peasant 50 
associations, showing a trend of soil acidity development due to poor soil management practice [3]. In 51 
some highland parts of western Ethiopia, the inherent available phosphorus (P) has become deficient 52 
due to soil acidity resulting in stunted growth and reduced yield of crops [4]; [5]. In these acidic soils, 53 
availability of nutrients like nitrogen (N), zinc (Zn), copper (Cu) and molybdenum (Mo) in addition to P 54 
are too low to support good crop production [2]. Nutrient deficiencies are not the only problems in 55 
these soils; but toxicity of Al and manganese (Mn) constrain crop production through interfering with 56 
active nutrient uptake of roots [6].  57 
 58 
High yielding maize varieties that are adapted to differing agro ecologies of the country have been 59 
produced to ensure food security of the country since the famine of 1984  [7]; [8]. Among these, maize 60 
varieties breed to mid altitude areas like BH540 and BH541 had the highest productivity of 10 and 11 t 61 
ha

-1
 on research fields and 6.5 and 7 t ha

-1
 on farm researches, respectively [9]; however their 62 

productivity on farmers field in Western Ethiopia is only about 3 t ha
-1 

[10] due to constraints related to 63 
soil acidity among the others.  64 
 65 
Application of organic matter (compost, manure) to such acidic soils would have multifaceted benefit 66 
like stabilization of soil aggregates and reduction in further depletion of nutrients that could occur 67 
through soil erosion [11]. Since organic matter is prepared from plant residues and animal manures, it 68 
can replace plant nutrients to the soil and improve the availability of soil deficient nutrients, like P, 69 
magnesium (Mg), sulfur (S), Mo and Zn [12]. On the top of these, OM has a potential liming effect in 70 
acidic soils, due to the high molecular weight humic substance constituting about 70-80% of the 71 
organic residue. This humic substance can form complexes with monomeric species of aluminum 72 
(Al

+3
, Al (OH)

+2
, Al (OH) 2

+
) to reduce the interference of Al in the active uptake of P in root surfaces 73 

[13]. The organic acids in compost or manure also raise the soil pH and reduce the exchangeable 74 
forms of Al through oxidation of organic acid anions, chelation, ammonification, specific ion 75 
adsorption, and reduction reactions of metal oxides like FeO(OH) and MnO2 [13]. For instance [14] 76 
reported, increase in soil pH from 4.00 to 5.6 for increasing rate of vermicompost in the rate between 77 
0-70 t ha

-1
, and a lime substitution potential of 60 t ha

-1
 vermicompost for 2 t ha

-1
 lime. 78 

 79 
On the other hand application of lime (CaCO3) can be used to reduce soil acidity through dissociation 80 
in to calcium (Ca

+2
) cation and hydroxide (OH

-
) anion, which do their job in sequence, when the Ca

+2
 81 

displaces the H
+
 and Al

+3 
ions from the soil exchange surfaces, the OH

-
 ion binds with the two acid 82 

cations to form water and insoluble form of Al hydroxide [15]. Lime applied at rate of 2 t ha
-1

 with 88 83 
kg P ha

-1
 in form of single super phosphate (SSP) significantly increased the soil pH from 4.83 to 7.13 84 

[16]. But, if an acid soil is to be reclaimed by full dose of lime, it may require larger sum of money, 85 
which could not be afforded by smallholder farmers. However, integration of lime with locally available 86 
materials like the compost might be helpful in achieving the required yield and economic efficiency. 87 
 88 
Integrated soil fertility management (ISFM) is one best option as it utilizes available organic and 89 
inorganic inputs to build ecologically-sound and economically viable farming system [17]. Integrated 90 
soil fertility management refers to a set of soil fertility management practices that necessarily include 91 
the use of inorganic fertilizer, organic inputs, and improved varieties combined with the knowledge on 92 
how to adopt these practices to suit the local conditions, aiming at maximizing agronomic use 93 
efficiency of the applied nutrients and improving crop productivity [18].  94 
 95 
In this regard, a study by [19] showed that combined application of manure, lime and phosphorus 96 
(TSP) significantly reduced the exchangeable acidity more than combination of manure with 97 
phosphorus or manure with lime. [20] also reported that combinations of manure (5 t ha

-1
), lime (3 t 98 
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ha
-1

) and phosphorus (60 kg P ha
-1

) significantly increased the soil available P than treatment 99 
combinations of manure and phosphorus.  100 
 101 
Nutrient use efficiency is also a factor that can be used as index to observe the yields of a crop under 102 
nutrient deficient condition. In situation where sufficient amount of the desired nutrient is taken up by 103 
the plant tissue (internal efficiency) and the crop have high utilization efficiency; the yield increment 104 
approaches the potential yield [21]. P utilization efficiency under acidic soil condition goes low due to 105 
soil factor, even with high yielding varieties that are responsive and nutrient efficient [20]. Thus, 106 
increasing yield and nutrient utilization efficiency, should be the way to respond to resource poor 107 
farmers under nutrient deficient condition [21]. Therefore, this research was conducted with the 108 
general objective of determining the effect of integrated application of compost, lime and inorganic P 109 
fertilizers on physicochemical properties of the soils and P use efficiency of maize. 110 

 111 

2. MATERIALS AND METHODS 112 

 113 

2.1. Description of the Study Site 114 

 115 

The experiment was conducted for two main growing seasons in 2014 and 2015, in the outskirts of 116 
Assosa town, about 5 km distant (Assosa Research Centre), which is located in the Assosa District, 117 
western Ethiopia. The study site is situated at an altitude of 1550 meters, with longitude and latitude 118 
of 34

o
34’15.4’’E and 10

o
2’27.6’’N, respectively. The rainfall distribution of the area is bi-modal 119 

occurring in months between March and October; and the long rainfall months are May, July, August 120 
and September, while the short rainfall months are November and December. However, in the 2015 121 
growing season there was a drop in the annual rainfall to about 667.2 mm compared to 1063.6 mm of 122 
the 2014 growing season due to weather change by ‘El Nino’ in 2015. The highest mean maximum 123 
and minimum temperatures of 2015 were 33.4 and 17.4 

o
C, respectively. The soil texture of the study 124 

site is heavy clay having a pH of 5.4 (strongly acidic) with low soil organic matter and low soil N, P 125 
and K (Table 1). 126 

 127 

 128 

 129 

 130 

 131 

 132 

 133 

 134 

 135 

 136 

 137 

Figure 1: Mean monthly rainfall (mm), max and min temperatures (
o
C) of 2014 and 2015 138 

 139 

140 
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2.2. Soil and Compost Sampling and Analysis  141 

 142 

Soil samples were taken from the whole field at five points before applying the treatments and after 143 
crop harvesting from each plot at three points diagonally to a depth of 0-30 cm by grid sampling 144 
methods and samples were composited. The soil texture and soil chemical properties were analysed 145 
at Assosa soil laboratory following standard methods.  146 
 147 
The soil texture was determined using density method proposed by [22]; the soil pH was measured 148 
using soil to water ratio of 1:2.5 by pH meter (potentiometric analysis) [23]; the percent organic carbon 149 
content (% OC) was measured using wet potassium dichromate oxidation method [24]; cation 150 
exchange capacity (CEC) was determined using ammonium acetate extraction at pH 7 and titration 151 
with ammonium counter ion [25]; the exchangeable acidity and exchangeable aluminium were 152 
determined by 1 mol L

-1
 potassium chloride (KCl) extraction method [15]; exchangeable K by flame 153 

photometer; total N by kjeldal digestion [23]; and available P by Olsen extraction method [26], all 154 
before planting of maize and after harvesting of maize in the two growing seasons. 155 
 156 
The compost was made by combining various locally available organic materials like maize leaves 157 
and stalks, kitchen scraps, tree leaves, broad leaved weeds, grass weeds, livestock manure and saw 158 
dust, which was composted in a rotating bin. The ready mature compost was taken out of rotating bin, 159 
homogenized and samples were taken from six points in all sides of the pile and composited. Then it 160 
was air dried in the laboratory, sieved and analyzed for pH by using soil to water ratio of 1:2.5 and 161 
measured, the bulb in the paste [23], while % OC, available P, available potassium (K), exchangeable 162 
acidity and exchangeable Al were determined following the same procedure as the soil described 163 
above. 164 
 165 

2.3. Soil and Compost Properties before Treatment Application  166 

 167 

Laboratory analysis indicated that soil texture was heavy clay and has a mean dry bulk density of 1.08 168 
g cm

-3
. The average soil pH was 5.4, which was strongly acidic [29]. The soil was low in organic 169 

carbon (1.7%) as the optimum soil organic carbon is in the range of 2 to 4.5% [30]; [31], which could 170 
be due to regular burning of forests, bush lands and grass lands with consequential washing up of the 171 
left over ash by runoff [1]. The soil had very low available P (4.75 mg kg

-1
) compared to the sufficient 172 

range of 10 to 15 mg kg
-1

 [32]. The reason for low available P might be complex formation of 173 
phosphate with monomeric forms of Al and Fe. Consistent to this result, [4] reported that the available 174 
Olsen P in north western Ethiopia was in range between 2.0 to 24 mg kg

-1
, which was in the range of 175 

very low to low soil available P. The soil had also very low available potassium (1.42 mg kg
-1

) as 176 
compared to the optimum potassium saturation for crops, which is in the range of 190 to 600 mg kg

-1
  177 

[30] or 100 to 250 mg kg
-1 

[33]; the available K is low in this soil probably due to leaching caused by 178 
high precipitation. The soil has relatively low percent of acid saturation (5.12%). While the compost 179 
used had a pH of 7.8, OC (35.12%), total N (4.75%), available P (56.9 mg kg

-1
) and available K (67.18 180 

mg kg
-1

) (Table 1). 181 
 182 

183 
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Table 1. Selected physico-chemical properties of soil and compost before treatment application 184 

 

Chemical properties 

 

Compost 

 Soil 

 2014 2015 

pH 7.8  5.40 5.40 

OC (%) 35.12  1.57 1.94 

Total N (%) 4.75  0.17 0.20 

Available P (mg kg
-1

) 56.99  3.23 2.20 

Available K (mg kg
-1

) 67.18  1.35  1.35 

CEC (cmolc kg
-1

) 50.82  33.92 24.20 

Exchangeable Acidity (cmolc kg
-1

) 0.83  1.30 1.24 

Exchangeable Al (cmolc kg
-1

) 0  0.71 0.64 

Percent Acid saturation (%) 1.63  3.83 5.12 

Sand (%) -  14.00 24.00 

Silt (%) -  23.00 10.00 

Clay (%) -  63.00 66.00 

Texture -  Heavy clay Heavy clay 

Dry bulk density (g cm
-3

)   1.1 1.1 

 185 

2.4. Treatments and Experimental Procedure  186 

 187 

The treatments consisted of three-factor-factorial combinations of compost (C), lime (L) and 188 
phosphorus (P) fertilizer. The rates of lime were calculated from the lime requirement using the 189 
Shoemaker McLean Pratt (SMP) buffer pH method [27] and with incubation experiment for check up. 190 
Then 0, 50% and 100% of the lime requirements were taken at 0, 1.5 and 3 t ha

-1
, respectively. The 191 

rates of compost were 0 and 5 t ha
-1

 and that of P fertilizer were 0, 20, 40 kg P ha
-1

; while N fertilizer 192 
in form of urea (46% N) was applied uniformly to all treatments at rate of 69 kg N ha

-1
 as per the 193 

recommendation for the crop in the area. Treatments were replicated 3 times in complete randomized 194 
block design (CRBD) in factorial arrangement on gross plot of 3 m × 3 m (9 m

2
) and net plot size of 195 

4.5 m
2
. 196 

 197 
A land with pH of less than 5.5 was selected for the experiment and land preparation was done well in 198 
advance of sowing of maize, as compost and lime need certain incubation period to bring change in 199 
physico-chemical properties of the soil. The site selected was ploughed and harrowed using tractor 200 
and manually levelled in to good seed bed with final make up of the desired number of plots. The 201 
treatments of compost and lime were applied according to the randomization set before sowing of 202 
maize; and were incorporated in to the soil to a soil depth of 15 cm and were left for two months of 203 
incubation period for lime, and one month of incubation for compost. After two months, furrows were 204 
made on each plot and seeds of maize (var. BH 543) were sown on the side of the ridge (two seed 205 
per hill) maintaining inter and intra-row spacing of 75 cm and 30 cm, respectively. At the same time 206 
one third of N fertilizer (69 kg N ha

-1
) and the whole rates P fertilizers were applied. The remaining two 207 

third rate of nitrogen was applied at knee height stage of maize. After harvest of maize soil samples 208 
were taken for physico-chemical analysis. 209 

 210 
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2.5. Measure of P Use Efficiencies  211 

 212 
The P use efficiencies considered were: the agronomic efficiency (AE), the apparent recovery 213 
efficiency (ARE) and utilization efficiencies (UE) of phosphorus by maize. The agronomic efficiency 214 
was described as the ratio of grain yield to P fertilizer applied, which was calculated as: AE (kg yield 215 

kg
–1

 P applied) =  ; where Gf is the grain yield of the fertilized plot (kg), Gu is the grain yield of 216 

the unfertilized plot (kg), and Pa is the quantity of P applied (kg).  217 
 218 
The apparent recovery efficiency is the quantity of phosphorus uptake per unit of P applied, which 219 

was calculated as: ARE (%) =  × 100; where Pf is the P uptake (grain plus straw) of the fertilized 220 

plot (kg), Pu is the P uptake (grain plus straw) of the unfertilized plot (kg) and Pa is the quantity of P 221 
applied (kg).  222 
 223 
The physiological efficiency (PE) was used to calculate the utilization efficiency and described as the 224 

biomass yield obtained per unit nutrient uptake, which was calculated as: PE (kg kg
-1

) = ; 225 

where BYf is biomass yield of fertilized plot and BYu is biomass yield of unfertilized plot, Pf is the P 226 
uptake (grain plus straw) of the fertilized plot (kg) and Pu is the P uptake (grain plus straw) of the 227 
unfertilized plot (kg). And the utilization efficiency (UE) was obtained as: ARE×PE. 228 

 229 

2.6. Statistical Analysis  230 

 231 

The experiment was done for two seasons and the homogeneity test was made using the F-test. 232 
Since the test showed homogeneity of variance for all the data, combined analysis was made using 233 
mixed GLM model using year as random effect. The treatment effects were separated using Tukey’s 234 
mean separation test using SAS version 9 [28]. 235 
 236 

237 
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3. RESULTS AND DISCUTION 238 

   239 

3.3. Soils Chemical Properties after Harvest of Maize  240 

 241 

3.3.1. Soils pH  242 

 243 

The combined analysis of the two seasons’ data showed significant (P<0.01) main effects of season, 244 
compost, lime and P and significant interaction effects of season with compost and season with P on 245 
the soil pH (Table 2). Accordingly application of lime significantly increased the soil pH showing higher 246 
soil pH (5.95) at lime rate of 3 t ha

-1
, which exceeded the control by 0.24 pH units and the soil before 247 

treatment application by 0.55 pH units, without significant difference to lime applied at 1.5 t ha
-1 

(Table 248 
3). Lime having calcium in it might have increased the soil pH by replacing the exchangeable forms of 249 
Al and Fe, which reacts with hydroxide ion released from water in the soil solution to arrest Al and Fe 250 
in to insoluble hydroxide forms [34]. Similar result was reported by [16] wherein application of lime (2 t 251 
ha

-1
) alone or in combination with phosphorus 88 kg P ha

-1
 in form of single super phosphate (SSP) 252 

significantly raised the soil pH relative to the control. 253 
 254 
In the first season (2014), compost applied at 5 t ha

-1
 gave the highest pH of 6.23, and it was 255 

significantly higher than all combination of the treatments. The first season treatment without compost 256 
was the second highest in pH (6.02), which in turn was significantly higher than second season 257 
compost applied at 5 t ha

-1 
(5.60) (Table 4).  258 

 259 
In the first season, compost application raised the soil pH more than the compost applied in the 260 
second season, probably due to high soil moisture status and low temperature of the first season 261 
(Figure 1), which in turn could lower the release of soil organic carbon, increasing the effect of 262 
compost to increase the soil pH. In line to this result, [35] showed, increase in soil pH in line with 263 
increase in the available water holding capacity of the soil and increasing rate of compost (0-20 t ha

-
264 

1
). On the other hand, the acid saturation of the soil in the second season was higher than in the first 265 

season (Table 1), constraining the effect of compost to increase the soil pH in the second season. In 266 
this regard, [5] reported, higher increase in soil pH on soils (land use systems) that had lower acid 267 
saturation for same rate of lime applied (0-10 t ha

-1
). In support to this result, [14] reported, increase in 268 

soil pH from 4.00 to 5.6 for increasing rate of vermicompost in the rate between 0-70 t ha
-1

, and there 269 
was a lime substitution potential of 60 t ha

-1
 vermicompost for 2 t ha

-1
 lime.  270 

 271 
The interaction of season with phosphorus affected the soil pH such that in the first season, P applied 272 
at 40 kg P ha

-1
 showed the highest soil pH (6.24) with significant difference to all combination of 273 

treatments except P applied at 20 kg P ha
-1

 (6.13) in the first season. Thus, the first season P applied 274 
at rate of 40 kg P ha

-1
 increased the soil pH by 0.22 units compared to the control (Table 4). The 275 

higher increase in soil pH due P in the first season might be related to the high rainfall in the season 276 
(Figure 1), which could increase the solubility of P applied in the form of triple super phosphate (TSP), 277 
in turn increasing the formation of insoluble aluminium (Al) and iron (Fe) phosphate [36]. Similar to 278 
this result, [37] reported, the existence of fertilizer-induced soil pH increase and soil bioactivity, with 279 
increasing rate of P (0-80 kg P ha

-1
) applied. 280 

 281 
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Table 2. Mean squares of ANOVA for selected properties of soil after maize harvest and P use efficiency of maize due to season, compost, lime and P 282 

Where, DF: degree of freedom; Exch.: exchangeable; 
ns

: non-significant difference; 
*
, 

**
, and 

***
 significantly difference at probability level of 5, 1, and 0.1%, 283 

respectively.284 

 

Source of variation 

 

DF 

  

Soil pH 

 

Available P  

 

Exch. Acidity  

 

Exch. Al  

 

Dry bulk density  

P recovery 

efficiency 

P utilization efficiency 

Season (S) 1  8.89
***

 978.85
***

 0.59
**
 7.30

***
 0.0002 ns 60.92

***
 33926.01

***
 

Compost (C) 1  0.62
***

 22.41
***

 2.53
***

 0.97
***

 0.014* 92.10
***

 70465.88
***

 

Lime (L) 2  0.54
***

 44.21
***

 6.07
***

 1.25
***

 0.0004ns 33.07
***

 15562.54
***

 

Phosphorus (P) 2  0.09
**
 133.428

***
 0.29

ns
 0.10

ns
 0.005ns 210.56

***
 132768.15

***
 

S x C 2  0.09
*
 11.68

*
 0.04

 ns
 0.09

ns
 0.008ns 31.79

**
 3172.22

ns
 

S x L 2  0.05
ns

 0.96
ns

 1.72
***

 0.24
*
 0.002ns 1.68

ns
 1860.67

ns
 

S x P 2  0.14
**
 15.49

**
 0.68

***
 0.11

ns
 0.0002ns 40.89

***
 10241.30

**
 

C x L 2  0.01
ns

 2.14
ns

 0.60
**
 0.16

ns
 0.002ns 4.14

ns
 809.94

ns
 

C x P 2  0.02
ns

 1.06
ns

 0.57
**
 0.15

ns
 0.001ns 28.57

***
 27002.21

***
 

L x P 4  0.02
ns

 16.59
***

 0.56
***

 0.02
ns

 0.0001ns 15.21
**
 5005.91

*
 

S x C x L 2  0.01
ns

 29.99
***

 0.04
ns

 0.08
ns

 0.006 ns 3.56
ns

 437.97
ns

 

S x C x P 2  0.03
ns

 2.04
ns

 0.05
ns

 0.04
ns

 0.002ns 8.88
ns

 2470.23
ns

 

S x L x P 4  0.01
ns

 15.42
***

 0.80
***

 0.16
ns

 0.0002ns 6.62
ns

 1107.97
ns

 

C x L x P 4  0.04
ns

 1.23
ns

 0.27
*
 0.16

ns
 0.0002ns 4.05

ns
 1031.90

ns
 

S x C x L x P 4  0.04
ns

 8.34
**
 0.16

ns
 0.07

ns
 0.003 ns 1.00

 ns
 178.53

ns
 

Error 68  0.02 2.52 0.09 0.08 0.003 3.53 4359.42 
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Table 3. The main effects of season, compost, lime and P on selected soil chemical properties and P 285 

use efficiencies of maize  286 

Treatments Soil 

pH 

Available 

phosphorus 

(mg kg
-1

) 

Exchangeable 

acidity (cmolc 

kg
-1

) 

Exchangeable 

Al (cmolc kg
-1

) 

Recovery 

efficiency 

(%) 

Utilization 

efficiency 

(kg kg
-1

) 

Season       

2014 6.13
a
 10.48

a
 0.94

b
 0.68

a
 3.51

a
 51.17

b
 

2015 5.55
b
   4.46

b
 1.09

a
 0.16

b
 2.21

b
 86.62

a
 

Compost (t ha
-1

)       

0  5.76
b
 7.02

b
 1.18

a
 0.51

a
 1.84

b
 43.35

b
 

5  5.92
a
 7.93

a
 0.87

b
 0.32

b
 3.68

a
 94.44

a
 

Lime (t ha
-1

)        

0 
 

5.71
c
 6.43

c
 1.49

a
 0.63

a
 2.79

ab
 69.61

ab
 

1.5 5.86
b
 8.64

a
 0.85

b
 0.28

b
 3.69

a
 89.32

a
 

3  5.95
a
 7.34

b
 0.72

b
 0.35

b
 1.78

b
 47.76

b
 

Phosphorus (kg P 

ha
-1

) 

      

0  5.79
b
 5.62

c
 0.96

a
 0.36

a
 0.00

b
 0.00

b
 

20  5.83
ab

 7.34
b
 1.13

a
 0.47

a
 4.51

a
 114.66

a
 

40  5.89
a
 9.46

a
 0.98

a
 0.42

a
 3.77

a
 92.03

a
 

CV (%) 2.52 21.17 30.62 6.59 68.07 65.41 

Means in columns followed by different superscript letters are significantly different at 0.05 levels, 287 

according to Tukey’s mean separation test. 288 

289 



10 

 

E-mail: kirubtsh@gmail.com 

Table 4. Interaction effects of season with compost and season with P on soil pH after maize harvest  290 

Means in columns followed by different letters are significantly different at 0.05 levels, according to 291 

Tukey’s mean separation test 292 

 293 

3.3.2. Available Phosphorus 294 

 295 

The available P of the soil after crop harvest was significantly (P<0.01) affected the four way 296 
interactions of season, compost, lime and phosphorus (Table 2).  297 
 298 
Thus, in the first season treatments applied as combination of compost at rate of 5 t ha

-1
, lime at 1.5 t 299 

ha
-1

 and P at rate of 40 kg P ha
-1

 showed the highest soil available P (15.04 mg kg
-1

) which was 300 
significantly higher than all the second season treatments of compost, lime with P and all first season 301 
treatments of compost and lime without P (Table 5). There was a 68.38% increase in available P 302 
relative to the soil before treatment application. In this study, P application was the major source of 303 
the residual available P since it became lower for all combination of compost and lime without P, and 304 
it became higher for increasing rate of P [38]. The higher residual P for combinations of compost, lime 305 
and P in the first season compared to the second season might be due to higher initial P of the soil in 306 
the first season. The second most likely reason might be due to the nature of triple super phosphate 307 
(TSP), which needs long period of soil moisture for dissolution depending on the rock phosphate of 308 
which it was made [39]. Hence, the higher annual rainfall (1063 mm) in the first season compared to 309 
the second season rainfall (667 mm) (Figure 1) might have resulted in higher chance of dissolving the 310 
TSP while improving the soil available P. The interactions of compost, lime and P also increase the 311 
residual available P due to desorption effects of lime and compost, which frees the dissolved P from 312 
being chemically bound to the Al and Fe compounds, such that lime forms the insoluble Al and Fe 313 
hydroxide and compost forms Al and Fe organic acid complex [34]; [13]. In agreement to this, [20] 314 
showed that combinations of manure (5 t ha

-1
), lime (3 t ha

-1
) and phosphorus (60 kg P ha

-1
) has 315 

significantly increased the residual available P than combinations of manure with P. 316 

 317 

318 

Treatment interactions Soil pH  

Season Compost (t ha
-1

) P applied (kg ha
-1

) 

2014 0 
- 

6.02
b
  

 5 
- 

6.23
a
  

2015 0 
- 

5.51
c
  

 5 
- 

5.60
c
  

2014 
- 

0 6.02
b
  

 
- 

20 6.12
ab

  

 
- 

40 6.24
a
  

2015 
- 

0 5.54
c
  

 
- 

20 5.55
c
  

 
- 

40 5.56
c
  

CV (%)   2.52  
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Table 5. Interaction effects of season, compost, lime and P on the available P (mg kg
-1

) of the soil 319 

after maize harvest 320 

Means in columns and rows followed by different letters are significantly different at 0.05 levels, 321 

according to Tukey’s mean separation test 322 

 323 

3.3.3. Exchangeable Acidity  324 

 325 

The exchangeable acidity showed significant (P<0.01) difference due to three way interaction effects 326 
of season, lime with P and compost with lime with P (Table 2).  327 
 328 
The interaction effects of the second season treatment without lime and P at rate of 20 kg P ha

-1
 329 

showed the highest exchangeable acidity (2.44 cmolc kg
-1

), while the first season treatment without 330 
lime and without P showed the second highest exchangeable acidity (1.59 cmolc kg

-1
). In the first 331 

season (2014) lime at 3 t ha
-1

 with P at 40 kg P ha
-1

 showed the least exchangeable acidity (0.36 332 
cmolc kg

-1
), reducing the soil exchangeable acidity before the treatment application by 56.63% (Table 333 

6). The higher exchangeable acidity in treatment combinations of the second season compared to the 334 
first season might be related to the higher initial acid saturation of the second season (Table 1); a soil 335 
with higher acid saturation would give higher exchangeable acidity after application of similar rate of 336 
lime [5]. Moreover, due to higher rainfall in the first season (Figure 1), the soil reaction due to lime and 337 
P might have highly reduced the exchangeable acidity inducing the formation of Al and Fe hydroxides 338 
[34]. Regardless of seasons, application of lime with P also decreased the exchangeable acidity. In 339 
agreement to this result, [16] reported that lime applied at rate of 2 t ha

-1
 with 88 kg P ha

-1
 in form of 340 

Treatments  

Season Compost (t ha
-1

) Lime (t ha
-1

) P applied (kg P ha
-1

) 

   0 20 40 

2014 0 0 6.68
defghij

 8.63
cdefgh

 9.92
abcde

 

 0 1.5 9.02
cdefg

 9.81
bcdef

 12.15
abc

 

 0 3 8.63
cdefgh

 11.09
abc

 12.15
abc

 

 5 0 8.35
cdefghi

 11.98
abc

 12.19
abc

 

 5 1.5 9.18
cdefg

 14.65
ab

 15.04
a
 

 5 3 9.36
cdefg

 10.35
abcde

 10.30
abcde

 

2015 0 0 1.5
k
 3.16

jk
 3.50

ijk
 

 0 1.5 3.70
hijk

 4.30
ghijk

 11.90
abc

 

 0 3 1.70
jk
 3.16

jk
 5.30

efghijk
 

 5 0 2.90
jk
 4.70

fghijk
 2.90

jk
 

 5 1.5 4.30
ghijk

 2.30
jk
 8.90

cdefg
 

 5 3 2.10
jk
 4.70

fghijk
 9.30

cdefg
 

CV (%)  21.17   
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single super phosphate (SSP) significantly increased the exchangeable acidity through raising the soil 341 
pH from 4.83 to 7.13. 342 
 343 
The interaction of compost, lime and phosphorus also affected the exchangeable acidity wherein the 344 
treatment without compost, without lime and without P showed the highest exchangeable acidity (2.41 345 
cmolc kg

-1
) with significant difference to all treatment combinations. And compost applied at 5 t ha

-1
 346 

with lime at 3 t ha
-1

 with and without P showed lower exchangeable acidity, indicating, application of 347 
compost with higher rate of lime could significantly reduce the exchangeable acidity without much 348 
regard to the rate of P applied. The treatment with compost at 5 t ha

-1
, lime at 3 t ha

-1
 without P 349 

reduced the exchangeable acidity by 1.90 cmolc kg
-1 

compared to the control (Table 6). The acidity 350 
reduced by lime and compost was synergistic having a mechanism that calcium from lime replaces 351 
the exchangeable forms of Al and Fe, which reacts with hydroxide ion released from water in the soil 352 
solution forming insoluble Al and Fe hydroxides [34]; while compost forms insoluble Al and Fe organic 353 
acid complex bounding to the exchangeable Al and Fe without interfering with the effect of lime [13]. 354 
Similar study by [19] showed that combined application of manure, lime and phosphorus (TSP) 355 
significantly reduced the exchangeable acidity more than combination of manure with P or manure 356 
with lime. 357 

 358 

Table 6. Interaction effects of season, compost, lime and P on the exchangeable acidity (cmolc kg
-1

) of 359 

soil after maize harvest 360 

Treatment interactions   

Season Compost (t ha
-1

) Lime (t ha
-1

) P rate (kg P ha
-1

) 

   0 20 40 

2014 
- 

0 1.59
b
 1.14

bcde
 1.09

bcde
 

 
- 

1.5 0.66
def

 0.48
ef
 0.36

f
 

 
- 

3 0.67
def

 1.06
bcde

 0.97
bcdef

 

2015 
- 

0 1.24
bcd

 2.44
a
 1.44

bc
 

- - 
1.5 1.04

bcdef
 0.92

bcdef
 1.16

bcde
 

- - 
3 0.56

def
 0.72

def
 0.87

cdef
 

- 
0 0 2.41

a
 1.65

b
 1.32

bc
 

- 
 1.5 0.88

cd
 0.81

cd
 1.09

bcd
 

- 
 3 0.72

cd
 1.04

bcd
 0.68

cd
 

- 
5 0 1.19

bcd
 1.16

bcd
 1.22

bcd
 

- 
 1.5 0.83

cd
 0.59

d
 0.94

cd
 

- 
 3 0.51

d
 0.75

cd
 0.65

cd
 

CV (%)  30.62  

Means in columns and rows followed by different letters are significantly different at 0.05 levels, 361 

according to Tukey’s mean separation test. 362 

 363 
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The main effects of season, compost, lime and interaction effects of season with lime showed 364 
significant (P<0.05) difference on the exchangeable aluminium (Table 2). Therefore, compost applied 365 
at rate of 5 t ha

-1
 showed the lowest exchangeable aluminium (0.32 cmolc kg

-1
) compared to the 366 

treatment without compost (0.51 cmolc kg
-1

) (Table 3). Application of compost decreased the 367 
exchangeable Al of the soil by 0.19 cmolc kg

-1
 compared to the control, which might be due to the 368 

depressing effect of compost on the exchangeable Al through formation of Al organic acid complex 369 
[13]. In agreement to this result, [40] reported that application of manure at 10 t ha

-1
 reduced the 370 

exchangeable aluminium by 8.91 cmolc kg
-1

 compared to the control, due to release in calcium, 371 
reduction in solubility of Fe compounds when the soil pH was raised and chelation of exchangeable Al 372 
during decomposition of manure. Similarly, [41] reported that application of 1.2 g compost applied to 373 
20 g soils reduced the exchangeable Al better than the control. 374 
 375 
Lime application affected the exchangeable Al, where in the first season treatment of lime at 3 t ha

-1
 376 

reduced the exchangeable Al the highest (0.05 cmolc kg
-1

) (Table 7), this reduction in exchangeable 377 
Al was accounted to 90.79% of the soil exchangeable Al before application of treatment. The second 378 
season lime applied at 3 t ha

-1
 showed relatively higher exchangeable Al (0.44 cmolc kg

-1
), which 379 

might indicate increased rate of lime was more effective in reducing soil exchangeable Al in a season 380 
that had adequate rainfall (soil moisture) (Figure 1). The higher exchangeable Al in the second 381 
season could also be due to higher initial Al saturation of the soil compared to the first season (Table 382 
1). Similar result was reported by [40] where application of lime at rate of 2.5 t ha

-1
 increased the 383 

exchangebel Al up to 8.91 cmolc kg
-1

 across different sites compared to the control, due to 384 
precipitation of Al in to Al hydroxide when the soil pH was raised above six. [41] also reported higher 385 
reduction in exchangeable Al, when lime at rate of 80 mg to 20 g soil, but with further increase in lime 386 
rate there was no further reduction in exchangeable Al. 387 

 388 

Table 7. Interaction effects of season with lime on exchangeable aluminium of soil after maize harvest 389 

Treatments  Exchangeable Al (cmolc kg
-1

)  

Season Lime (t ha
-1

)   

2014 0 0.32
cd

  

 1.5 0.11
d
  

 3 0.05
d
  

2015 0 0.94
a
  

 1.5 0.66
ab

  

 3 0.44
bc

  

CV (%)  6.59  

Means in columns followed by different letters are significantly different at 0.05 levels, according to 390 

Tukey’s mean separation test 391 

 392 

3.6. Soil Physical Property (Dry Bulk Density)   393 

 394 
The dry bulk density was significantly (P<0.05) different due to the main effect of compost only while 395 
the other main effects and interactions are not significant (Table 2). Application of compost at rate of 5 396 
t ha

-1
 showed significantly higher dry bulk density (1.09 g cm 

-3
) than treatment without compost (1.07 397 

g cm
-3

). The physical property of the soil before the study was described as heavy clay having low dry 398 
bulk density (1.1 g cm

-3
) with medium proportion of silt (Table 1), which might have contributed to low 399 

dry bulk density of the soil, but with application of compost the dry bulk density showed no significant 400 
change compared to the dry bulk density before the study, while the control treatment showed lower 401 
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dry bulk density. The addition of organic matter to sandy soil could decrease the dry bulk density of 402 
the soil, while on clay soil that have lower dry bulk density application of organic matter could increase 403 
the dry bulk density; it might increase the dry bulk density by improving the soil macropors. In 404 
agreement to this, [42], showed a decrease in soil dry bulk density when compost and peat are 405 
applied to compacted soil and soil with texture of sandy loam, while compost applied at 10% of the 406 
soil volume of, un-compacted clay loam soil, the dry bulk density increased from 1.26 to 1.3 g cm

-3
. 407 

 408 

3.7. Phosphorus Use Efficiency of Maize 409 

 410 

3.7.1. Apparent Recovery Efficiency  411 

 412 

The apparent recovery efficiency of P was significantly (P<0.01) affected by the interaction effects of 413 
season with compost; season with phosphorus; compost with phosphorus and lime with phosphorus 414 
(Table 2). Thus, interaction effects of season with compost increased the apparent recovery efficiency 415 
wherein the first season (2014) compost applied at 5 t ha

-1
 showed the highest recovery efficiency 416 

(4.98%) followed by second season (2015) with compost at 5 t ha
-1 

(2.39%), which showed no 417 
significant difference, to the remaining treatments (Table 8). The highest apparent recovery with 418 
compost application in the first season might be attributed to better moisture status of the soil for P 419 
uptake (Figure 1), since recovery efficiency depended on the uptake. In agreement to this, [20] 420 
reported that there is an interaction between farm yard manure (5 t ha

-1
) and phosphorus (0, 60 kg P 421 

ha
-1

) in improving nutrient uptake and P apparent recovery of maize. 422 
 423 
The interaction between season with phosphorus also affected the apparent recovery where P 424 
applied at 20 kg ha

-1
 in the first season (2014) gave the highest P recovery (6.48%) and the treatment 425 

in first season with P at rate of 40 kg P ha
-1

 showed the second highest P recovery efficiency (4.05%) 426 
without significant difference to the rest of the treatments (Table 8). The apparent recovery was 427 
highest at the intermediate P rate, which might be related to the decrease in P uptake for additional 428 
unit of P applied beyond 20 kg P ha

-1
, decreasing the apparent recovery efficiency for increased rate 429 

of P due to soil acidity and plant factors, which suggested the P uptake increments for additional unit 430 
of P applied decreased, beyond certain level of P applied, decreasing the apparent recovery 431 
efficiency [43]. 432 
 433 
Interaction of compost with phosphorus affected the apparent recovery efficiency significantly 434 
(P<0.01), such that compost at rate of 5 t ha

-1
 with P at 20 kg P ha

-1
 showed the highest apparent 435 

recovery efficiency (6.29%) without significant difference to compost at 5 t ha
-1

 with P at 40 kg P ha
-1 

436 
(4.76%). The treatment having P at 20 kg P ha

-1
 without compost showed the least apparent recovery 437 

(2.73%). The observed recovery efficiency was lower compared to the attainable apparent recovery 438 
efficiency (33%) of rice in Brazilian acidic soil [44], which might arose from the combined effect of leaf 439 
blight of maze and soil acidity. Application of P at 20 kg ha

-1
 with compost (5 t ha

-1
) significantly 440 

increased the apparent recovery efficiency compared to the two rates of P (20 and 40 kg P ha
-1

) in the 441 
absence of compost (Table 8). This indicated intermediate rate of P is more important in presence of 442 
compost than higher rate of P without compost in increasing the apparent recovery efficiency P, due 443 
to enhanced availability of P by the liming effect of compost. Similar result was reported by [45] that 444 
half dose of farm yard manure (5 t ha

-1
) with phosphorus (30 kg P ha

-1
) significantly improved the P 445 

uptake and P apparent recovery efficiency.  446 
 447 
Lime and phosphorus showed significant (P<0.01) interaction effect on the apparent recovery 448 
efficiency; and the treatment combination of 1.5 t ha

-1
 lime with 20 kg P ha

-1
 showed the highest 449 

recovery efficiency (5.97%) without significant difference to lime at 0 with P at 20 kg ha
-1

 (5.30%) and 450 
lime at 1.5 t ha

-1 
with P at 40 kg P ha

-1 
(5.12%). Lime at 3 t ha

-1
 with P at 40 and 20 kg ha

-1
 showed 451 

the least apparent recovery efficiency (Table 8). In this study intermediate rate of lime (1.5 t ha
-1

) with 452 
intermediate rate of P (20 kg ha

-1
) gave the highest apparent recovery efficiency; and the synergism 453 

was higher at intermediate rate of lime with P, because, at higher rate of lime the soluble form of P 454 
chemically precipitate after formation of the calcium phosphate [46], while reducing the P uptake and 455 
recovery efficiency. The interaction of lime with phosphorus was reported by [47] where lime (4 t ha

-1
) 456 

with P (26 kg P ha
-1

) highly improved the available P (P uptake) and the P use efficiency of different 457 
varieties of maize. 458 
 459 
 460 
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3.7.2. Utilization Efficiency 461 

 462 
Phosphorus utilization efficiency was significantly (P<0.05) affected by interaction effects of season 463 
with P; compost with P; and lime with P (Table 2). Thus, season with phosphorus increased the 464 
utilization efficiency such that P applied at 20 kg P ha

-1
 in the second season (2015) showed the 465 

highest utilization efficiency (134.25 kg kg
-1

), without significant difference to the second season P 466 
applied at 40 kg ha

-1
 (125.61 kg kg

-1
) (Table 8). Unlike P uptake and apparent recovery efficiency, 467 

where the first season P application showed the highest result, the utilization efficiency showed its 468 
highest result for P application in the second season; indicating the second season crop was more 469 
efficient in making its total biomass per unit P uptake, possibly due to reduced incidence of leaf blight 470 
of maize in the second season. It is known that crops with lower P content and higher yield are 471 
considered as highly nutrient efficient. In line to this, [43] reported a decrease in utilization efficiency 472 
with increasing rate of P (0 to 90 kg P2O5 ha

-1
) having the highest utilization efficiency (182 kg kg

-1
) 473 

observed at 30 kg P2O5 ha
-1

.  474 
 475 
Interaction effects of compost with P was also significant on the P utilization efficiency, where 476 
compost at 5 t ha

-1
 with P at 20 kg ha

-1
 had the highest utilization efficiency (169.12 kg kg

-1
), while 477 

combination of P at 40 and 20 kg ha
-1

 in the absence of compost showed the least utilization 478 
efficiency (Table 8). The result indicated that intermediate rate of P (20 kg ha

-1
) is more important in 479 

presence of compost than higher rate of P without compost in increasing the utilization efficiency. The 480 
increased utilization efficiency at intermediate rate of P might be due to improved availability of P as 481 
compost had a liming effect, which might have surpassed the sufficiency concentration at higher rate 482 
of P, but increased the dry biomass yield at the intermediate rate. In agreement to this result, [45] 483 
reported significant increase in P uptake and P utilization efficiency of maize due to half dose 484 
application of farm yard manure (5 t ha

-1
) with phosphorus (30 kg P ha

-1
). 485 

 486 
Interaction between lime and phosphorus showed significant (P<0.01) effect on the utilization 487 
efficiency wherein the combination of 1.5 t ha

-1
 lime with 20 kg P ha

-1
 showed the highest utilization 488 

efficiency (146.74 kg kg
-1

) without significant difference to lime at 0 with 20 kg P ha
-1

 (124.56 kg kg
-1

) 489 
and lime at 1.5 t ha

-1 
with P at 40 kg P ha

-1 
(121.23 kg kg

-1
). Lime at rate of 3 t ha

-1
 with P at 40 and 20 490 

kg ha
-1

 showed the least utilization efficiency (Table 8). Intermediate rate of lime with intermediate 491 
rate of P gave the highest utilization efficiency, which might be due to increased availability of P at 492 
those rates. Higher rate of lime application might have decreased the availability of P due to formation 493 
of insoluble calcium phosphate [46]. The interaction of lime with P was reported by [47], where 494 
application of lime (4 t ha

-1
) with P (26 kg P ha

-1
) increased the availability of P and thus increased the 495 

utilization efficiency of different maize varieties. 496 

 497 

498 
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Table 8. Interaction effects of season with P, compost with P and lime with P on P apparent recovery, 499 

utilization and agronomic efficiency of maize  500 

Treatment interactions Recovery efficiency (%) Utilization efficiency (kg kg
-1

) 

Season Compost  

(t ha
-1

) 

Lime  

(t ha
-1

) 

Phosphorus (kg P ha
-1

) 

   20 40 20 40 

2014 
- 

- 6.48
a
 4.05

b
 95.06

ab
 58.46

b
 

2015 
- 

- 2.54
b
 3.48

b
 134.25

a
 125.61

a
 

- - 
-     

- 
0 - 2.73

b
 2.77

b
 60.19

c
 69.87

bc
 

- 
5 - 6.29

a
 4.76

ab
 169.12

a
 114.20

b
 

- - 
-     

- - 
0 5.30

ab
 3.09

bc
 124.56

ab
 84.27

b
 

- - 
1.5 5.97

a
 5.12

ab
 146.74

a
 121.23

ab
 

- - 
3 2.26

cd
 3.09

bc
 72.67

b
 70.61

b
 

CV (%)   68.07 65.41  

Means in each interaction columns and rows followed by different letters are significantly different at 501 

0.05 levels, according to Tukey’s mean separation test. 502 

 503 

5. CONCLUSION 504 

 505 

There was a change in the residual soil chemical and physical properties due to applications of 506 
compost, lime and phosphorus in the two seasons after harvest of maize. The initial soil pH was 507 
highly raised, due to the main effect of lime and due to combination of compost and phosphorus in the 508 
first season. The available P was highly enhanced by the interactions of compost with lime and 509 
phosphorus in the first season. The exchangeable acidity was highly reduced by the combined 510 
application of compost with lime and lime with phosphorus. Even though the exchangeable acidity 511 
and exchangeable Al were highly reduced by the highest rate of lime, but the available P was highest 512 
due to combination of intermediate rate of lime and with compost. The highest P apparent recovery 513 
and utilization efficiencies were recorded due to combination of compost with P; and relatively lower 514 
value due to soil acidity and maize leaf blight disease. Therefore, combined application of compost 515 
with low rate of lime and intermediate rate of P could provide better availability of nutrients with 516 
enhanced soil reactions. 517 
 518 
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