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Introduction
Most parts of the world’s cropland have become either abandoned 

or unproductive due to one form of degradation or another. 
Continuous use of chemicals, fertilizers and pesticides over the 
years had lead to soil acidification Maruthi et al. [1]. Most soils in 
southeastern Nigeria are acidic Owolabi et al., [2]. This is mainly 
due to the type of parent materials, heavy leaching and weathering 
processes Fitz Patrick [3]. Acidification is a natural and ongoing 
process in soils Wortmann et al., [4]. Mayz and Cartwright [5]. 
reported that increased soil acidity leads to low pH, increase 
availability of aluminum or potassium to the point of toxicity 
and deficiency of potassium, phosphorus, calcium, copper and 
molybdenum. Soil is acidic because of the composition of their 
parent materials which they are formed from Spies and Harns 
[6]. Ohiri and Ano attributed the acidic nature of soil in southeast 
Nigeria to their parent material, leaching and degradation in soil 
physical properties. The use of organic manure in form of poultry 
manure and wood ash had been found to complement the inorganic 
fertilizer as both manures improve crop yield Meludu [7], Odiete et  

 
al., [8]. Omisore et al., [9], in his research discovered that poultry 
manure is the best valuable of all animal manures. He also stated 
that poultry manure improves biological activities, soil tilth and 
chemical properties. Ibeawuchi [10], stated that poultry manures 
supplies essential nutrients especially nitrogen, phosphorus, 
potassium (NPK) required for maximum production. Onwuka et al., 
[11] and Akinmutimi et al. [12], on their own have also established 
the usefulness of ash in ameliorating soil acidity in the southeastern 
Nigeria. However, this work is carried out to compare the effects of 
Ash and Poultry manure on soil pH and potassium release.

Objective of the Study
a) To compare the effect of ash and poultry manure on 
the rate of potassium-release with time from acid ultisol in 
Umudike, Abia State.

b) To determine the effect of ash and poultry manure on soil 
pH in relation to time in an acidic ultisol in Umudike, Abia State.

Abstract
An experiment was conducted at Michael Okpara University of Agriculture, Umudike soil science Laboratory to study the effects 

of poultry manure and wood ash on soil exchangeable potassium and soil pH. The aim was to compare the effects of poultry manure 
and wood ash on soil pH and the rate of potassium- release with time, from an acid ultisol in Umudike, Abia State. The organic 
amendments were poultry manure and wood ash which were applied at the rates of 0, 5 and 10 tons per hectare. The treatments 
were replicated three times in a completely randomized design (CRD). During the experiment, soil samples were collected from the 
incubated samples and analyzed for pH and exchangeable potassium at day 1, day 14, day 28 and day 42. The results showed that 
poultry manure and wood ash had good effects by improving the soil pH and exchangeable potassium. 10 tons/ha rate of application 
of both gave highest values of soil exchangeable potassium and pH at one time or the other throughout the incubation period. 10 
tons/ha of poultry manure and wood ash were therefore recommended.
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Materials and Methods
Experimental site

a) Study area

The study was conducted at the Michael Okpara University 
of Agriculture, Umudike, Abia State. Umudike lies within latitude 
05029’N and on longitude 07033’E, with an altitude of 122m above 
the sea level (NRCRI, 2007).

b) Climatic condition of the site 

The climate of Umudike is essentially humid rainforest; this 
is due to the fact that it is located within the tropical rainforest 
zone with a mean annual rainfall range of 1512-2731mm, which 
is distributed over nine to ten months in a bimodal rainfall pattern. 
These are the early rains (April-July) and late rains (August-
October) with five months of dry season and a short dry spell in 
August, popularly called August break. The monthly minimum air 
temperature ranged from 200C to 240C while the monthly maximum 
air temperature ranged from 280C to 350C. The relative humidity 
varies from 51% to 87%. The average sunshine hours vary from 3 
to 7 and appeared always lowest in the months of July, August and 
September and highest in the month of May NRCRI [13].

c) Soil sampling: The bulk soil sample was collected from 
Michael Okpara University of Agriculture, Umudike Eastern farm, 
at a depth of 0-15cm. The sample was air-dried and sieved using a 
2mm sieve.

d) Treatments: The treatments consisted of poultry manure 
and wood ash, at the application rates of 0, 5 and 10 tons per 
hectare. 

e) Poultry manure: Poultry manure was collected from 
Michael Okpara University of Agriculture poultry farm (Battery 
cage section), Umudike.

f) Wood ash: Wood ash was collected from a local kitchen in 
Umugbalu and Umudike all in Ikwuano L.G.A, Abia State.

g) Laboratory analysis: The following methods were used 
during the soil physical and chemical analysis.

Soil physical analysis 

a. Particle size analysis (bouyoucos [14]): The soil texture 
was determined using the hydrometer method of Bouyoucos [14]. 

Chemical analysis 

a. soil ph determination (jackson [15]): The soil pH was 
determined using the glass electrode pH meter (Jackson, 1964) in 
ratio of 1:2.5 (soil: water / KCl). 

b. Exchangeable acidity (Al3+ and H+) (Mclean [16]): Soil 
exchangeable acidity (Al3+ and H+) was determined by titration 
method as described by Mclean [16].

c. Organic carbon (walkley and black, [17]): The organic 
carbon was determined using dichromate wet oxidation method 
(Walkley and Black, [17]). 

d. Total Nitrogen: The soil total nitrogen was determined 
using the micro-kjeldahl digestion and distillation method as 
described by Jackson [15]. 

e. Available phosphorus (bray and kurtz, [18]): This was 
determined using Bray as described by Bray and Kurtz (1945). 

f. The exchangeable bases (chapman [19]): The 
Exchangeable cations were extracted using ammonium acetate 
method (1N NH4OAc) at pH 7. 

g. Effective cation exchange capacity (ECEC):

Effective cation exchange capacity was calculated as the sum of 
exchangeable bases (Ca, Mg, K, and Na) and exchangeable acidity 
expressed in cmolkg-1 as explained by Summer and Miller [20].

h. Base saturation 

Percentage base saturation was determined using the equation:

  % 10 0
1

Total exchangeable basesBase saturation
ECEC

×=

Analysis of the organic amendments

Poultry manure and ash used in this study were subjected 
to chemical analysis in the laboratory. They were analyzed for 
the following: pH, total nitrogen, phosphorus, organic carbon, 
potassium, magnesium and sodium.

Incubation experiment

This was carried out in the soil science laboratory of Michael 
Okpara University of Agriculture, Umudike, Abia State. 50g of the 
sieved soil sample was weighed out into plastic containers of equal 
sizes and basal diameter and labeled properly. This was incubated 
with each of the organic amendments. (Poultry manure, wood ash) 
applied at the rates of 0, 5, and 10 tons per hectare. The treatment 
was replicated three times in a completely randomized design 
(CRD). The samples were moistened to field capacity and covered 
with a porous material to minimize evaporation.

Analysis of Soil samples during the incubation 
experiment 

Soil samples were collected from the incubated samples and 
analyzed for soil pH and Exchangeable potassium at 1 day, 14 days, 
28 days and 42 days of incubation.

Statistical analysis

Data generated from the laboratory analysis were subjected 
to analysis of variance (ANOVA) and the treatment means were 
separated using the fisher’s least significant difference (FLSD) at 
5% level of probability.
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Soil physical chemical properties 

Table 1 shows the physical and chemical properties of the soil 
before treatment application. The particle size distribution of the 
soil showed that the percentage of sand was 81.8 while that of silt 
and clay were 11.4 and 6.8 respectively. Using the textural triangle, 

the soil was shown to have a texture of loamy sand. The soil pH in 
water was 5.13 indicating that the soil is strongly acidic. Organic 
carbon and total nitrogen contents of the soil were also low, and 
available phosphorus was moderate (Akinrinde and Obigbesan 
[21]. Percentage calcium, and magnesium were low and sodium 
and potassium were moderate.

Table 1: Some physical and chemical properties of the soil before treatment application.

Soil properties Composition

pH (water) 5.13

Sand (%) 81.8

Silt (%) 11.4

Clay (%) 6.3

Textural class Loamy sand

Total nitrogen (%) 0.05

Organic carbon (%) 1.44

Available phosphorus (mg/kg) 12.62

Calcium (cmolkg-1) 2.86

Magnesium (cmolkg-1) 0.37

Potassium (cmolkg-1) 0.45

Sodium (cmolkg-1) 0.59

Total exchangeable bases 4.27

Exchangeable acidity 1.2

Effective cation exchange capacity (cmolkg-1) 5.47

Base saturation (%) 78.06

The chemical composition of the materials used for the 
experiment

The chemical composition of the materials used in the 
experiment is shown in Table 2. From the table, poultry manure has 

higher values in available phosphorus and potassium and calcium 
while wood ash has values of magnesium, sodium, organic carbon 
and pH. The high levels of the parameters assayed in the wood ash 
and poultry manure implies that these organic materials have a 
high potential to enrich the soil.

Table 2: Chemical composition of the poultry manure and wood ash used for the experiment.

Properties Poultry manure Wood ash

pH (H20) 7.13 10.38

Calcium 14.02 0.61

Nitrogen 1.81 0.21

Available phosphorus (%) 1.34 0.55

Organic carbon (%) 7.46 7.9

Potassium (%) 0.74 0.52

Magnesium (cmolkg-1) 0.14 0.2

Sodium (%) 0.1 0.17

Effects of Poultry Manure and Wood ash on the Soil 
Exchangeable Potassium and PH in the Incubation 
Experiment

 The effects of poultry manure and wood ash on soil exchangeable 
potassium and pH on day1, day 14, day 28 and day 42 of incubation 
are presented in (Figures 1-4). 10 tons/ha poultry manure gave 
the highest values of Exchangeable K on the 14th and 28th day of 
incubation, while 10 tons/ha wood ash gave the highest values of 

the same on the 1st and 42nd day of the incubation. Considering the 
effects of the treatments on soil pH, 10 tons/ha wood ash gave the 
highest values on the 1st and 28th day of incubation, while 10 tons/ha 
poultry manure gave the highest pH results on the 14th and 42nd day 
of incubation. Although the values were not statistically significant 
among the treatment means. This implies the need to apply more 
than 5 tons/ha of either the wood ash or the poultry manure to 
Ultisols such as the one studied, when an experiment is aimed at soil 
acidity amelioration and soil exchangeable potassium is important. 
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Agbede and Adekiya [22] also advocated a combination of 5 tons/
ha of both wood ash and poultry manure application. Therefore 

10 tons/ha of either wood ash or poultry manure application gave 
higher results [23,24]. 

Figure 1: Effects of wood ash and poultry manure on soil Ex K and pH at day 1 of incubation.

Figure 2: Effects of wood ash and poultry manure on soil exchangeable K and pH at day 14 of incubation.

Figure 3: Effects of wood ash and poultry manure on soil exchangeable K and pH at day 28 of incubation.
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Figure 4: Effects of wood ash and poultry manure on soil exchangeable K and pH at day 42 of incubation.

Conclusion 
From the results obtained in this experiment, poultry manure 

and wood ash at 10 tons/ha gave the highest soil exchangeable 
potassium as well as soil pH, although the values were not 
significantly higher than those obtained from the rest of the 
treatments. It can therefore be concluded that 10 tons/ha of either 
poultry manure or wood ash should be the least application rate 
when soil acidity amelioration or increased soil exchangeable 
potassium is desired in an Ultisol like the one studied in this 
experiment.
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