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Abstract 

 

The study was conducted to evaluate the effects of integrated sawdust, and 

poultry manure on soil chemical properties in a forest-derived savanna transition 

zone at Ambrose Alli University Teaching and Research Farm, Main Campus, 

Ekpoma, Edo State. The treatments consisted of four poultry manure levels (0, 

2, 4, and 6 t/ha) and three levels of sawdust (0, 2, and 4 t/ha), which were 

combined in a factorial experiment laid out in randomized complete block 

design, replicated three times. The experimental soil was deficient in plant 

nutrients; with N contents of 0.49g/kg, P 8.72 mg/kg, K 0.10 cmol/kg, OC 9.0 

g/kg, Ca 1.03 cmol/kg and Mg 0.78 cmol/kg. Results showed that the application 

of 4 t/ha sawdust plus 4 t/ha poultry manure increased soil N, P, Ca, organic 

carbon, and ECEC significantly relative to the controls. However, for the 

consideration of single applications, poultry manure is preferred to sawdust 

treatment.  
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Introduction 

 

       The poultry population is increasing, leaving the amount of poultry 

refuse every year. In Nigeria, poultry production is estimated at 140 

million heads/year. Backyard farmers account for 60 percent of all poultry 

producers, commercial farmers for 25 percent, and semi-commercial 

farmers for 15 percent (Livestock Census, 2003). Poultry production has 

assumed greater importance in improving the employment opportunity 

and animal food in Nigeria. Many poultry farmers still work at 

subsistence, small, or medium-sized (F.A.O. 2006). 

        There are different poultry manure types, such as deep litter manure, 

broiler manure, cage manure, and higher rise manure, depending on the 

housing system. Nutrient values of poultry manure vary considerably 

depending upon the conditions under which it is processed. The ratio of 

litter to manure and the moisture content causes considerable variation in 

nutrient elements among manures from different houses. Poultry manure 

contains about 3-5% nitrogen, 1.5-3.5 phosphorus and 1.5-3.0% 

potassium and micro-nutrients at considerable amount. Deep litter manure 

contains Mn 210 – 380, Cu 24 – 42, Fe 930 – 1380, and Zn 90 – 308 

mg/kg; broiler manure contains Mn 190 – 350, Cu 27 – 47, Fe 970 – 1370 

and Zn 160 – 315 mg/kg; cage manure contains Mn 370 – 590, cu 80 – 

172, Fe 970 – 1450 and Zn 290 – 460 mg/kg (Amanullah et al., 2007). 

Normally, the manure is stored in most of the farms before disposal, at 

least for one month, which leads to the loss of nearly 40% N, which 

reduces the value of the manure (Mariakulandai et al., 1975). 

The application of fertilizer to degraded soil is an effective means 

of improving soil fertility. The use of inorganic fertilizer to ameliorate 

degraded soil has gained wide acceptance in improving soil fertility, and 

it has significantly increased the yield of crops such as maize. However, 

its scarcity and removal of government subsidies make its use 

unprofitable for crop production. Inorganic fertilizer alone does not 

improve the soil's organic matter content, and its continuous use results in 

a decrease in maize yield. Also, frequent uses of nitrogenous fertilizer 
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increase soil acidity, which adversely affects crops and microbiological 

properties of the soil (Kapkiyai et al., 1999). 

Most small holding poor vegetable farmers in Nigeria use the 

same pieces of land continuously. This condition leads to loss of soil 

fertility and inadequate supply of nutrients to the crops, and loss of yield. 

However, the sole use of chemical fertilizer for soil fertility improvement 

cannot be sustained because of its high cost and scarcity. Hence there is a 

need to investigate the use of locally available materials such as sawdust, 

rice husk, cocoa husk, and poultry manure for soil fertility improvement 

(Muhammad et al., 2001). Some of these materials have also been found 

to control pathogens (Mohammed et al., 2001) and increase plants' growth 

(Ogbalu, 1999). Olayinka and Adebayo (1985) had found that sawdust 

manure reduced the growth and yield of maize if not amended with 

poultry manure. For small farm holders, organic materials are important 

sources of nutrients and are necessary for soil fertility management (Giller 

et al., 2006). 
Ohiri and Ano (1989) attributed the acidic nature of the soils in 

Nigeria to their parent material, leaching, and degradation in soil physical 

properties. To reduce soil acidity, it is common practice to apply lime to 

agricultural soils. However, the unavailability and high cost of lime 

materials led to the intervention and research into a low cost, affordable, 

and adaptable organic and inorganic material like wood ash (Igbokwe et 

al., 1981). Ojeniyi et al. (2001) found that vegetable crops and nutrient 

content were improved with wood ash application in Nigeria. Similarly, 

Odedina et al. (2001) and Adetunji (1997) reported reduced acidity and 

increased cations availability in soils amended with wood ash. Omoti et 

al. (1991) indicated great potential in reducing fertilizer and lime 

applications in maize production in acidic soil with wood ash. This 

application helps to increase soil pH, available cations, and yield. It has 

been proven that all the essential nutrients required by plants are supplied 

by organic manure, although in small amounts (Ayeni et al., 2012; 

Ayankanga et al., 2012; Oyedeji et al., 2014 

 It is not surprising to note that productivity is declining very 

rapidly in many agricultural lands. Each year, about five to10 million 
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hectares of cropland are taken out of production because of soil erosion, 

nutrient depletion, salinization, and waterlogging (Hole et al., 2005; 

Spierenburg et al., 2006 and F.A.O., 1992). The use of organic waste, 

such as plant residues, animal dung, mulch materials, and sawdust, 

improves the soil's physical-chemical properties and reduced 

environmental pollution (Nottidge et al., 2005). In this study, the use of 

poultry litter and sawdust, which are readily available and can supply a 

minimum amount of nutrients for maize production, had been explored. 

Various researches have been conducted on organic fertilizer. Still, there 

is a shortage of poultry litter-saw-dust mixture as a complement or 

substitute for inorganic fertilizer for soil fertility management. This 

study's objective was to evaluate the effects of poultry manure and 

sawdust on soil chemical properties. 

 

Materials and Methods 

 

The study area is located at the Ambrose Alli University Teaching 

and Research Farm, main campus, Ekpoma, Edo State, Nigeria. Ekpoma 

is located on latitude 06.42oN and longitude 06.09oE. The area is located 

in the forest - derived savannah transitional zone of Edo state. The area 

has a tropical climate characterized by a rainy season between April and 

October and a dry season from November to March. Mean annual rainfall 

range between 1500 to 2000 mm (EADP, 1995) and mean temperature 

range of 28 0C – 32 oC. The relative humidity is fairly high, especially 

from March to November. Even in the dry season, the mean daily relative 

humidity is around 70% (FDLAR, 1990). The G.P.S. reading of the 

location is latitude 6.76652 and longitude 6.13962, with an accuracy of 9 

meters. 

 

Soil Studies 

 Composite soil samples (0-15) of about four cores were collected 

from the experimental site. The composite soil samples were randomly 

collected according to the procedures of Anderson and Ingram (1993). 

Poultry manure used for the experiment was collected from a poultry farm 
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located in Ekpoma, Edo State, Nigeria. Raw poultry droppings (layer 

manure) were collected from birds raised in a battery cage system. The 

raw poultry droppings were spread under a roof to air-dry. This state was 

achieved when there was no longer a pungent odor. The layer manure 

about a year old was fully decayed and free from other contaminants that 

may influence its properties. Sawdust used for the experiment was 

collected from a wood factory located in Ekpoma town. 

 

Field Studies 

 The field experiment was carried out in the rainy season. The 

treatments consisted of three levels of sawdust (SD) 0, 2, and 4 t/ha, 

respectively, and four poultry manure levels (PM) 0, 2, 4, and 6 t/ha. The 

experiment was a 3 x 4 factorial, i.e., twelve treatment combinations fitted 

into randomized complete block design and replicated three times. Each 

plot was 1.25 m x 2.25 m, and the entire experiment area was 8.75 m x 

20.5 m (0.018ha). The soil under study supported the maize crop (Fig. 1). 
Sawdust and poultry manure was applied to the plots three weeks before 

the seeds were sown for the treatments to equilibrate with the soil. Weeds 

were manually controlled with the use of hoes and cutlasses as the need 

arose. Auger soil sample in each plot was collected at a depth of 0 – 15 

cm based on all the treatment combinations after maize harvest. 

 

Laboratory Studies 

 A composite soil sample collected from the location before the 

field experiment was air-dried at room temperature, crushed and sieved 

through a 2 mm sieve to remove debris and other materials, and kept in 

plastic containers with cover for routine analysis. After the field 

experiment, soil samples were also collected from individual plots that 

received different treatment combinations and prepared for laboratory 

studies, according to Anderson and Ingram (1993) procedures. 

 

 

 

 



Effects of Integrated Sawdust and Poultry                                                 A. B. E, I, H.H.E, A, S.I 

Manure on Soil Chemical Properties 
 

 
 
 
 

58 

 

Soil Chemical and Physical Properties 

Soil pH was measured in a 1:1 soil-water suspension using a glass 

electrode pH meter (MaClean, 1982). Exchangeable acidity (AI3+, H+) 

was extracted with 1N KCl (Thomas, 1982) and determined by titration 

with 0.05 Na0H using phenolphthalein as an indicator. Organic carbon 

was determined by the wet dichromate acid oxidation method (Nelson and 

Sommers, 1982). Total nitrogen was determined by the Micro-Kjeldahl 

method (Bremner, 1982). Available phosphorus was determined using the 

autoanalyzer as modified by Olsen and Sommers (1982). Phosphorus 
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Figure 1. Layout Plan of the Experimental plots and the treatments (3 x 4 

Factorial Experiment in Randomized Block Design). 
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It was determined after wet digestion by a colorimetric procedure 

that involves phosphate with vanadate and molybdate to form 

phospovanadomolydic acid. Exchangeable cations (Ca, Mg, Na and K) 

were extracted within 1N NH4OAc. PH 7.0 (ammonium acetate), K, and 

Na were determined with flame emission photometer, while Ca and Mg 

were determined with atomic absorption spectrophotometer (Anderson 

and Ingram, 1993). Effective cation exchange capacity (ECEC) was 

calculated by the summation of exchangeable bases and exchangeable 

acidity (Anderson and Ingram 1993; Okalebo et al., 2002). Particle size 

distribution was determined by the hydrometer method, according to 

Okalebo et al. (2002). The soils were dispersed with sodium 

hexamethaphosphate solution. 

 

Statistical Studies 

 

The field study was conducted in a factorial experiment laid out in 
a randomized complete block design. The means of the various field and 

laboratory data collected were subjected to statistical analyses using 

analysis of variance (ANOVA) according to Frank and Althoen (1995). 

The mean comparison was carried out using Duncan multiple range test. 

 

Results and Discussion 

 

The experimental soil's physicochemical properties before poultry 

manure (PM) and sawdust (S.D.) used for the experiment are shown in 

Table 1. The soil was strongly acidic in reaction, deficient in N, P, K, 

exchangeable bases, and organic carbon, and belongs to the textural class 

of loamy sand. The effects of sawdust, poultry manure, and their 

combinations on soil pH and organic carbon contents are shown in Tables 

2 and 3. 

Single applications of sole sawdust and sole poultry had no 

significant effect on soil pH; the highest pH of 5.71 was obtained from 

the combined application of 2 t/ha SW+2 t/ha PM and 4 t/ha S.W. + 6 t/ha 

PM, respectively. Soil pH increase was in agreement with Whalen et al. 
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(2000) and Liu et al. 2010) that have shown organic manure treatment 

increased soil pH compared with chemical fertilizer treatments. The 

highest organic carbon contents of 12 and 15.90 g/kg were obtained from 

the applications of poultry manure plus control and 4 t/ha sawdust 

treatments. They were significantly (p<0.05) different when compared 

with the controls. Sole application of sawdust at the rate of 6 t/ha 

significantly increased soil organic carbon to 12.10 g/kg compared to 9.70 

g/kg of the control treatment. It has been found that sawdust holds 

potential as a contributing carbon source for increasing S.O.M. when soil-

applied (Tran, 2005). 

      Table 4 shows that separate applications of 4 t/ha sawdust and poultry 

manure rates had significant effects on total soil nitrogen. The highest soil 

nitrogen content of 1.00 g/kg and 1.06g/kg was obtained from sawdust 

and poultry manure compared to 0.73 g/kg and 0.46 g/kg of the controls. 

The combined application of 4 t/ha sawdust plus poultry manure at 4 and 

6 t/ha, respectively, increased total nitrogen significantly from 0.40 g/kg 

of the control treatment to the highest contents of 1.70 g/kg and 1.10 g/kg, 

respectively. The separate applications of 2 and 6 t/ha sawdust and poultry 

manure increased phosphorus contents to 10.89 and 11.36 mg/kg, 

respectively that were significantly higher than 9.73 and 11.36 mg/kg of 

the controls, respectively. The combined application of 4 t/ha sawdust and 

4 t/ha poultry manure had the highest phosphorus value of 12.58 mg/kg, 

significantly different from other treatment combinations and control 

(8.43 mg/kg). Though all the applications were significant in raising the 

soil's P status, the values were below the critical level of 15 mg/kg 

(Agboola and Ayodele, 1987) for Nigeria's southwestern soils.  
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Table 1. Physico-chemical analysis of experimental soils, sawdust, and 

poultry manure used. 
 

Parameters  Soils           poultry manure       sawdust. 
pH 

Organic carbon(g/kg) 

Total N(g/kg) 

Available P(mg/kg) 
Exchangeable 

cations(cmol/kg) 

 

K 
Ca  

Mg  

Na  

Al3+ 
H+  

Particle size analysis (g/kg) 

Clay  

Silt  
Sand  

5.05              6.00                             _ 

9.0               3.17                              _ 

0.4               2.20                            2.8 

8.72             61.29                          0.3 
 

 

0.10             2.15                            0.05 

1.03             38.08                          0.48 
0.78             4.6                              0.18 

0.36             1.18                           0.02 

0.10             2.28                           0.10 

0.12 
 

55.50 

78.00 

867.00 

Textural class Loamy sand 

 
Table 2. Effects of several combinations of sawdust and poultry manure 

applications on soil pH. 

 

Soil pH 
 

Treatments                 Poultry manure (t/ha) 

Sawdust 

(t/ha)                     
0                 2                 4               6              Means 

0 5.12ab 5.35a 5.53a 5.62a 5.41ns 

2 5.24ab 5.71a 5.65a 3.92b 5.13ns 

4   5.49a 5.60a 5.42a 5.71a 5.55ns 

            Mean 5.28ns 5.55ns 5.53ns 5.08ns   

LSD = 1.42 (SD + PM) 

*Means followed by the same letter(s) are not significantly different from each other at 

the 5 % level of significance. 
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Table 3. Effects of several combinations of sawdust and poultry manure 

applications on organic carbon content. 

 

Soil organic carbon (g/kg) 
 

Treatments Poultry manure (t/ha) 
 

Sawdust 

(t/ha) 

 

     0 

 

       2      4     6   Means 
   `  

0 7.30b 10.20b 10.70b 10.40b 9.70b 

2 12.00ab 11.20ab 10.50b 9.90b 10.90ab 

4 15.90a 10.60b 10.90b 11.20ab 12.10a 

Mean 11.70ns 10.70ns 10.70ns 10.50ns 
  
 

LSD = 0.02 (SD) and 0.47 (SD+PM) 

*Means followed by the same letter(s) are not significantly different from each other at 

the 5 % level of significance. 

 
Table 4. Effects of several combinations of sawdust and poultry manure 

applications on total soil nitrogen content. 

 

Total Nitrogen (g/kg) 
 

Treatments 

Sawdust 

(t/ha) 

Poultry manure (t/ha) 

 0                       2                   4                      6             Means 

0 0.40e 0.60de 1.00ab 0.90abc 0.73b 

2 0.30e 0.80bcd 1.00ab 1.00ab 0.76b 

4 0.70cd 1.00ab 1.70a 1.10a 1.00a 

Mean 0.46b 0.79a 1.06a 1.00a  

 

LSD = 0.10 (SD), 0.50 (PM) and 0.20 (SD+PM) 

*Means followed by the same letter(s) are not significantly different from each other at 

the 5 % level of significance. 
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Table 5. Effects of several combinations of sawdust and poultry manure 

applications on total soil phosphorus content. 

 

Available Phosphorus (mg/kg)  
 

Treatments 

Saw dust 

(t/ha) 

Poultry manure (t/ha) 

  0                   2                   4                  6                Means 
0 

8.43f 8.78ef 9.94cd 11.75ab 9.73b 

2 
10.95bc 10.11cd 11.52ab 10.96bc 10.89a 

4 
8.25f 9.80de 12.58a 11.35b 10.50a 

Mean 
9.21b 9.56b 11.35a 11.36a   

LSD = 0.57 (SD), 0.06 (PM) and 01.15 (SD+PM) 

*Means followed by the same letter(s) are not significantly different from each other at 

the 5 % level of significance. 

 

The effects of sawdust and poultry manure on soil contents of 

potassium, magnesium, and calcium after harvesting are shown in Table 

6. Different rates of sawdust and poultry manure increased K significantly 

compared to the controls. Integrated application of PM and S.D. rate of 4 

t/ha SD and 6 t/ha PM resulted in the highest K content of 0.22 cmol/kg 

compared to 0.10 cmol/kg of the control. Applications of sole 4 t/ha SD 

and 6 t/ha PM increased Ca contents significantly from 1.67 to 2.01 

cmol/kg and from 1.30 to 2.19 cmol/kg. Integrated application of 4 t/ha 

SD + 4 PM and 2 t/ha SD + 4 PM increased Ca contents significantly from 

1.10 cmol/kg of the control to 2.31 cmol/kg. It was observed that the 

application of 6 t/ha poultry manure alone increased K, Mg, and Ca 

contents of the soil significantly compared to the controls. However, the 

increases were below the critical levels of 0.24, 1.90, and 3.80 cmol/kg 

(Agboola and Ayodele, 1987). Combined applications of 4 + 6 t/ha, 

control plus 6 t/ha, and 2 t 4 t/ha sawdust and poultry manure had 

significant effects on soil K, Mg, and Ca respectively to other levels and 

the controls. Notably, K content was raised from 0.10 to 0.22 cmol/kg 

from the combined application of 4 + 6 t/ha sawdust and poultry manure 
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almost at the critical level. The observation agrees with the findings of 

Isitekhale and Osemwota (2010). They obtained K increase from 0.07 to 

0.12 cmol/kg with the application of 6 t/ha poultry manure and higher Mg 

and Ca contents with combined applications of poultry manure and 

N.P.K. fertilizer rates of 2 t/ha and 150 kg N.P.K./ha.  Si et al. (2016) 

reported that organic manure (1000 g/m2; a mixture of poultry manure, 

cattle manure, swine manure, and sawdust) significantly increased the soil 

pH concentrations nitrogen, available phosphorus, exchangeable 

potassium, calcium, and magnesium. 
 

Table 6. Effects of several combinations of sawdust and poultry manure 

applications on soil exchangeable K, Mg, and Ca contents. 

 

Exchangeable K (cmol/kg) 
 

Treatments 

Sawdust 

(t/ha) 

Poultry manure (t/ha) 

0                2                   4                    6                Means 

0 0.10ef 0.13de 0.16cd 0.15cd 0.14b 

2 0.08f 0.18bc 0.20ab 0.20ab 0.17a 

4 0.10ef 0.18bc 0.20ab 0.22a 0.18a 

Mean 0.09c 0.16b 0.19a 0.19a  

LSD = 0.01(SD), 0.02 (PM) and 0.03 (SD+PM)  

 
Exchangeable Mg (cmol/kg) 
 

Treatments 

Saw dust 

(t/ha) 

Poultry manure (t/ha) 

0                     2               4                   6                Means 

0 0.81bc 0.99abc 0.91bc 1.30a 1.00ns 

2 0.69c 0.93bc 1.13ab 1.12ab 0.97ns 

4 0.63c 1.29a 1.16ab 1.11ab 1.05ns 

Mean 0.71b 1.07a 1.07a 1.18a  

LSD = 0.20 (PM) and 0.35 (SD+PM) 
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Continued: Table 6. Effects of several combinations of sawdust and poultry 

manure applications on soil exchangeable K, Mg, and Ca 

contents. 

 
Exchangeable Ca (cmol/kg) 
 

Treatments 

Sawdust 

(t/ha) 

Poultry manure (t/ha) 

0                2                     4                6                Means 

0 1.10d 1.63bcd 1.69bc 2.28a 1.67b 

2 1.31cd 1.78abc 2.31a 2.13ab 1.88ab 

4 1.48cd 2.10ab 2.31a 2.16ab 2.01a 

Mean 1.30c 1.84b 2.10ab 2.19a  

LSD = 0.27 (SD), 0.31 (PM) and 0.54 (SD+PM) 

*Means followed by the same letter(s) are not significantly different from each other at 

the 5 % level of significance. 

 

        The contributions to soil K, Mg, and Ca of all applications showed a 

similar trend in the soil ECEC (Table 7). Applications of 4 t/ha sawdust 

and 6 t/ha poultry manure significantly increased ECEC from 3.24 and 

2.46 of the controls to 3.70 and 4.02 cmol/kg, respectively. While the 

sawdust (control) plus 6 t/ha poultry manure and 4 tons sawdust plus 4 

t/ha poultry manure increased ECEC significantly from 2.43 to 4.22 and 

4.17 cmol/kg, respectively. The effectiveness of 6 t/ha poultry manure 

was further justified by integrating sawdust and poultry manure 

combinations (0 t/ha SD + 6 t/ha PM). A critical ECEC level of 4.0 

cmol/kg is needed to retain most exchangeable cations against leaching 

(Brady and Weil, 1999).  Soils with higher ECEC and organic matter 

exchanges and retain large amounts of cations released by the manure 

mineralization process. Conversely, soils with less ECEC have low 

potentials for the exchange and retention of manure materials. Poultry 

manure has been reported to increase soil N, P, K, Ca, Mg, and ECEC of 

the soil (Smith and Ayenigbara, 2001). The relative contribution of 
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poultry manure outweighed that of organic sawdust material either singly 

or in combinations. Poultry manure performances in most mixtures have 

been documented (Isitekhale et al., 2013; Aruna et al., 2006). However, 

sawdust suppression of growth indicates the little contribution to soil 

nutrients (Folorunso and Ojeniyi 2003; Osemwota et al., 2012; Dania et 

al., 2012).    
 

Table 7. Effects of several combinations of sawdust and poultry manure 

applications on soil ECEC. 

 

ECEC (cmol/kg) 
 

Treatments 

Sawdust 

(t/ha) 

Poultry manure (t/ha) 

0               2                     4                  6               Means 

0 2.43d 3.12bc 3.18bc 4.22a 3.24b 

2 2.35d 3.67ab 4.04a 3.83a 3.47ab 

4 2.59cd 4.03a 4.17a 4.00a 3.70a 

Mean 2.46b     3.61a     3.80a         4.02a 

 
 

 

*Means followed by the same letter(s) are not significantly different from each other at 

the 5 % level of significance. 

 

Conclusion and Recommendations 

 

The combined 4 t/ha sawdust applications plus 4 t/ha poultry 

manure increased soil N, P, Ca, Mg and ECEC significantly, while 

application of 4 t/ha sawdust plus 6 t/ha poultry manure increased soil pH 

and K significantly compared to the controls. Separate applications of 

manure had better influences on soil nutrient additions than applying 

sawdust alone. For plant nutrient additions to soil, especially N and K, the 

combined application of 4 t/ha sawdust plus 4 t/ha poultry manure is 

recommended. Likewise, a study to compare these combinations with 
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inorganic fertilizer application to maize yield is also highly 

recommended. 
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