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The objective of this experiment was to evaluate the agronomic potentials of different rates of swine 

waste on soil properties, maize growth and yield. Four rates of swine waste namely 0, 7, 13 and 27 t ha
-1

 

were laid out in a randomized complete block design (RCBD) and replicated three times at the Teaching 
and Research Farm of the Faculty of Agriculture and Natural Resources, Enugu State University of 
Science and Technology, Enugu, South East Nigeria. Oba super 11 hybrid maize was planted to a depth 
of 5 cm in the prepared beds at a spacing of 25 cm by 75 cm (inter and intra row spacing, respectively). 
Soil samples were collected from the top soil at a depth of 0 to 15 cm before and 2 weeks after the 
application of the swine waste. The obtained results showed that the application of different rates of 
swine waste significantly altered the chemical properties of the soil. The concentration of the 
exchangeable bases (calcium, magnesium, potassium and sodium) was increased, while exchangeable 
acidity and cation exchange capacity significantly decreased at a rising rate of swine waste application. 
There was a significant difference (p < 0.05) in soil pH, cation exchange capacity, organic matter 
content, total nitrogen, organic carbon, available phosphorus, base saturation, bulk density and 
moisture content among the treatments. The mean plant height at harvest and maize grain yield 
increased relative to the control treatment. Generally, swine waste was found to be an effective soil 
amendment in improving the soil properties, growth and yield of maize. 

 
Key words: Swine waste, agronomic potential, soil amendment, maize grain yield.  

 
 
INTRODUCTION 

 
One of the inherent defects of the soils in the tropics is its 

low level of fertility status which is a major drawback in 
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the agricultural usefulness of the soil (Schlecht et al., 

2007). According to Srivastara (2007), fertile soil is  

defined as the quality that enables a soil to provide plant 

nutrients in adequate amounts and in proper balance for 

growth of specified plants when light, moisture, 

temperature, tilt and other growth factors are 
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favorable. Mafongoya et al. (2007) reported that 
maintenance of high crop yield under intensive cultivation 
is possible through the use of fertilizers. Fertilizer can be 
in form of organic or inorganic. The use of inorganic 
fertilizers has not been helpful as it is associated with 
increased soil acidity, leaching and nutrient imbalances 
(Schlecht et al., 2007). According to Ayoola and Makinde 
(2006), inorganic fertilizers are usually not available and 
are always rather expensive for the low income small-
scale farmers. Organic manure such as cow-dung, 
poultry manure, swine waste and crop residues can be 
used as an alternative for inorganic fertilizers. The use of 
swine waste which is readily available in the tropics can 
compensate for the expensive and unreliable supply of 
inorganic fertilizers for low income small-scale farmers in 
the tropics.  

The main objective of this study was to evaluate the 

agronomic potentials of swine waste rates as a soil 

amendment. This will be achieved through evaluating its 

effect on the soil physical properties, soil chemical 

properties, growth and yield of maize. 
 
 
MATERIALS AND METHODS 
 
This experiment was carried out at the Teaching and Research 
Farm of the Faculty of Agriculture and Natural Resources, Enugu 
State University of Sciences and Technology, Enugu, South East 
Nigeria. The site is situated at latitude 06°52’ North, longitude 
07°15’ East and 450 m above sea level. The range of rainfall 
amount is within 1700 to 2000 mm and it has a bimodal pattern of 
occurrence. Within April and October it is wet, November and 
December it is dry. The soil type is Ultisol of sandy-clayey-loam 
textual class and classified as Tropaquent or Eutric leptosol 
(Anikwe, 2006). The experiment consisted of four rates of swine 

waste namely 0 t ha 
- 1

 (0 kg/plot), 7 t ha
- 1

 (6 kg/plot), 13 t ha
-1

 (12 

kg/plot) and 27 t ha
-1

 (24 kg/plot) laid out in a randomized complete 
block design (RCBD) and replicated three times. The swine waste 
was slurry from pig abattoir that had been air-dried for 40 days. The 
land was cleared of existing grasses, ploughed and made into beds 

of 3 by 3 m (9 m
2
). A total of 12 beds were made. Each of the bed 

separated from one another by a spacing of 1 and 1 m pathway 
between replications. Swine waste was incorporated into the soil to 
a depth of 0 to 15 cm using the hand hoe. Oba super 11 hybrid 
maize was planted to a depth of 5 cm in the prepared beds at a 
spacing of 25 by 75 cm (inter and intra row spacing, respectively) 
given a total of 48 plants per plot. Planting was done two seeds per 
hole and thinned to one plant at 2 weeks after planting. The plants 
at the two centre rows were randomly sampled during data 
collection. Weeding was done manually whenever necessary 
throughout the experimental period. Soil samples were collected 
from the top soil at a depth of 0 to 15 cm before and 2 weeks after 
the application of the swine waste. Three representative soil 
samples were collected per plot and bulked to form a composite soil 
sample for each plot. A total of 12 composite soil samples were 
collected. Samples were air-dried, grounded and passed through a 
2-mm standard mesh. The soil pH was determined with a pH meter 
using 1:2.5 soils to water ratio according to Page et al. (1982). 
Organic carbon was determined using the Walkley and Black wet 
digestion method (Bremmer and Mulvaney, 1982); soil organic 
matter content was obtained by multiplying the value of organic 
carbon by 1.724 (Van Bemmeler factor), total nitrogen determined 
by macro-kjeldahl procedure (Page et al., 1982). Available 
phosphorus was extracted with Bray II extractant as described by 

 
 
 
 

 
Bray and Kurz (1945) and colorimeterically using ascorbic acid 
method (Murphy and Riley, 1962). Exchangeable potassium and 
sodium were extracted using 1N ammonium acetate (NH4OAC) 
solution and determined by the flame emission spectroscopy as 
outlined by Anderson and Ingram (1993). Aluminum and hydrogen 
content (exchangeable acidity) were determined by the titrimetric 
method after extraction with 1.0 N KCL (McLean, 1982). The cation 
exchange capacity was determined by the NH4OAC displacement 
method (Rhoades, 1982). Calcium and magnesium was determined 
by the complexiometeric titration method as described by Chapman 
(1982). Particle size distribution analysis was done by the 
hydrometer method (Gee and Bauder, 2002) and the corresponding 
textural class determined from the United States Department of 
Agriculture Soil Textural Triangle. Bulk density was determined 
using the core method as described by Blake and Hartage (1986), 
total porosity by the method outlined by Anderson and Ingram 
(1993) and moisture content was obtained by the method stated by 
Klute and Dirkson (1986). Samples of air-dried swine waste were 
collected and chemical analysis was done to determine pH, organic 
carbon, total nitrogen, available phosphorus, potassium, 
magnesium, calcium, sodium and organic carbon. Data were 
collected on mean plant height at harvest and maize grain yield 
after harvest. The data collected were subjected to analysis of 
variance (ANOVA) as outlined by Gomez and Gomez (1984). 
Significant means were separated using Fishers least significant 
difference (F-LSD) at 5% probability level. Statistical analysis was 
executed using GENSTAT Release 7.2DE Discovery Edition 3 
(GENSTAT, 2007) statistical software. 
 
 

RESULTS 

 

Table 1 shows the chemical properties of the soil before 
the study. The soil was sandy-clayey-loam texture with 
pH of 4.60. The soil organic carbon, organic matter 
content, total nitrogen and base saturation were 7.93, 
0.17, 0.03 and 58%, respectively. The exchangeable 
bases (calcium, magnesium, potassium and sodium) 
were 0.98, 0.68, 0.09 and 0.11 meq/100 g, respectively, 
while the available phosphorus was 1.20 ppm.  

The impact of swine waste rates on the soil chemical 
properties of the soil (Table 2) indicates that the soil total 
nitrogen, available phosphorus, organic carbon, organic 
matter contents, pH, base saturation, calcium, 
magnesium, potassium and sodium were significantly (p 
<0.05) increased with increasing rate of swine 
application. On the contrary, a decrease in exchangeable 
acidity and cation exchange capacity were recorded at an 
ascending swine waste application. 

The results shown in Table 3 reveals that the 
application of swine waste significantly (p < 0.05) 
increased the total porosity and moisture content and 
decreased the bulk density. The highest effects on these 
physical parameters were observed in plots amended 

with 27 t ha
-1

 swine waste.  
Furthermore, Table 4 shows that the mean plant height 

at harvest and maize grain yield after harvest were 
significantly (p < 0.05) influenced by the swine waste 
addition to the soil. The highest plant height (480.00 cm) 

was recorded at the plots amended with 27 t ha
-1

 and the 

least (90.00 cm) was observed in the control treatment (0 

t ha
-1

). The dry grain weight increased by about 128.43, 
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Table 1. Initial soil characteristics and the chemical composition of swine waste.  

 
Properties Level Swine waste 

Particle size distribution (%)  - 

Sand 79.00 - 

Slit 16.00 - 

Clay 5.00 - 

Textural class Sandy-clayey-loam - 

pH (water) 4.60 6.56 

Organic matter (%) 0.17 21.46 

Organic carbon (%) 7.93 12.45 

Available phosphorus (ppm) 1.20 1.64 

Total nitrogen (%) 0.03 2.41 

Exchangeable bases (meq/100 g)  - 

Calcium 0.98 5.27 

Magnesium 0.68 0.30 

Potassium 0.09 1.52 

Sodium 0.11 0.38 

Exchangeable acidity (meq/100 g) 1.53 - 

Cation exchange capacity ( meq/100 g) 3.51 - 

Base saturation (%) 51.00 - 
 
 

 
Table 2. The effects of swine waste application on the chemical properties of the soil.  

 
 

Rates 
pH OM OC TN 

AP (ppm) 
Ca Mg K Na EA CEC 

BS (%) 
 

   
(%) 

   
meq/100 g 

  
 

           
 

 0 t ha
-1

 5.00 0.64 0.37 0.06 1.58 1.12 0.83 0.12 0.14 1.59 5.80 52.00 
 

 7 t ha
-1

 5.16 1.93 1.12 0.09 2.91 2.10 1.00 0.19 0.18 1.36 6.00 62.00 
 

 13 t ha
-1

 5.26 2.05 1.19 0.13 3.03 2.92 1.02 0.20 0.20 1.20 6.30 62.00 
 

 27 t ha
-1

 5.43 2.66 1.54 0.13 3.35 3.01 1.09 0.22 0.28 1.00 6.80 62.00 
 

 F-LSD (0.05) 0.50 0.03 0.02 0.04 0.01 0.02 0.02 0.34 0.04 NS NS 1.91 
  

OM, Organic matter content; OC, organic carbon; TN, total nitrogen; AP, available phosphorus; Ca, calcium; Mg, magnesium; K, potassium; Na, 

sodium; EA, exchangeable acidity; CEC, cation exchange capacity; BS, base saturation; F-LSD (0.05), significant at 0.05 probability level; NS, non 

significant. 
 
 
 

68.84 and 35.29% for rate of 27, 13 and 7 t ha
-1

, 

respectively over the control treatment. 
 
 
DISCUSSION 

 

Effects of swine waste application on soil physical 

and chemical properties 
 
The changes in the chemical properties of the soil after 

swine waste application is related to the chemical 

composition of the added swine waste. Smiciklas (2007) 

noted that the swine waste application improved the 

chemical properties of the soil due to the addition of 

organic matter. The rise in soil pH was due to decrease in 

exchangeable acidity and increase in exchangeable 

 
 
 
 

bases. The status of available phosphorus and total 
nitrogen were significantly (p < 0.05) increased from 1.58 
to 3.35 ppm for phosphorus and 0.06 to 0.13% for total 
nitrogen, respectively. This result is due to the nitrification 
of ammonium nitrogen in the swine waste. This 
observation corroborated the assertions of Chong-Ho et 
al. (2005) that livestock manure such as swine waste 
contains ammonium nitrogen. The reduction in bulk 
density and increase in total porosity and moisture 
content was as a result of swine waste application which 
caused a homogenous distribution of manure 
constituents between soil particle and breakdown of 
swine waste by micro-organisms which produced 
essential cementing materials that links soil particles and 
form soil aggregates. This is in harmony with what 
Mafongoya et al. (2007) noted that organic manure 
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Table 3. The effects of swine waste application on the physical properties of the soil. 

 

 Rates Bulk density (g cm
-3

) Total porosity (%) Moisture content (%) 

 0 t ha
-1

 1.51 43.00 30.00 

 7 t ha
-1

 1.46 45.00 40.00 

 13 t ha
-1

 1.43 46.00 44.10 

 27 t ha
-1

 1.41 46.70 46.00 
 F-LSD (0.05) 0.15 4.84 6.60 

 
F-LSD (0.05), Significant at 0.05 probability level. 

 
 
 

Table 4. The effects of swine waste application on the mean plant height (cm) of maize at harvest 

and the maize grain yield (t ha
-1

) after harvest. 
  

 Rates Plant height Maize grain yield *Increase over control (%) 

 0 t ha
-1

 90.00 1.02 0.00 

 7 t ha
-1

 140.00 1.38 35.29 

 13 t ha
-1

 300.00 1.67 68.84 

 27 t ha
-1

 480.00 2.33 128.43 
 F-LSD (0.05) 4.35 1.08  

 
* = Maize grain yield increase over control, F-LSD (0.05) - significant at 0.05 probability level. 

 
 

 

improves the tilt of surface soil for crop production. 
 

 

Effects of swine waste application on plant height 

and maize grain yield 
 
The significant increase in mean plant height and maize 
grain yield over the control were due to the effect of swine 
waste application in improving soil aggregates, increasing 
moisture content and pore space distribution between the 
soil particles. Another explanation is that organic manure 
act as complexing agents which minimizes the loss of soil 
nutrient by leaching from the root zone and thereby 
increases nutrient availability and supply potentials for 
plant uptake (Dahdoh and El-Hassanin, 1993). Many 
studies proves that the use of organic manure such as 
farm yard manure, sewage sludge, cow dung, goat 
pellets, etc. as a soil amendment promotes plant growth 
more than when commercial fertilizers were added. The 
obtained results from this study tallied with those 
observed by Elsokkary et al. (1989) that sewage sludge 
application increased the dry weight and grain yield of 
alfalfa, wheat, faba bean and soybean. Christodoulakis 
and Margaris (1996) showed that plant height increased 
in maize by 77% in sludge amended treatment compared 
to 25% in the commercial fertilizer amendment. 
 
 

 

Conclusion 

 

The results of this study showed that there was a 

 
 
 

 

significant difference (p < 0.05) among the treatments on 
the soil properties. The maize plant height and maize 
grain yield varied over the control treatment. The highest 

application rate (27 t ha
-1

) gave the highest grain yield 
and the impact on soil properties was most pronounced 

at this rate. This placed 27 t ha
-1

 as a satisfactory rate of 

swine waste application for maize production. Though, 
little above this rate could be recommended to combat 
losses of nutrients by volatilization into the atmosphere 
and leaching into rivers and streams. Furthermore, 
continuous use of swine waste application should be 
discourage as it increases the level of residual toxic 
effects of some micro nutrients in the soils such as zinc 
and lead which are harmful to man 

 

Conflict of Interest 
 

The author(s) have not declared any conflict of interest. 
 

 
REFERENCES 
 
Anderson JM, Ingram JSI (eds) (1993). Tropical soil biology and fertility: 

A handbook of methods (2nd edition) CAB international. P. 221. 
Anikwe MAN (2006). Soil quality assessment and monitoring: A review 

of current research efforts. Chapter Eight; Example Three, pp. 147-
158. 

Ayoola OT Makinde EA (2006). Maize growth, yield and soil nutrient 
changes with N-enriched organic fertilizers. Afr. J. Food Agric. Nut. 
Dev. 9(1):580-590. 

Blake GR, Hartage KH (1986). Bulk density in: Klute, A. (Ed.) methods 
of soil analysis Part 1. Physical and Mineralogical Methods, American 
Soceity of Agronomy Madison, Wisconsin, USA. 

Bray RH, Kurz LT (1945). Determination of total, organic and available 



 
 
 

 
forms of phosphorus in soils. Soil Science, pp. 91-96. 

Bremmer JM, Mulvaney CS (1982). Total nitrogen. In: Page, A.L. (eds.). 
Methods of Soil Analysis, Part 2. Chemical and Microbial Properties, 
Second edition Agronomy Series P. 9 Madison, WI, USA, ASA, 
SSSA.  

Chapman HD (1982). Total Exchangeable Bases. In. C.A. Black (ed.), 
Methods of Soil Analysis, Part 2. ASA, 9:902-904 Madison, USA. 

Christodoulakis NS, Margaris NS (1996). Growth of corn ( Zea mays) 
and Sunflower (Helianthus annuus) plants is affected by water and 
sludge from a sewage treatment plant. Bull. Environ. Contam. 
Toxicol. 57:300-306. 
http://dx.doi.org/10.1007/s001289900190PMid:8661913  

Dahdoh MSA, El-Hassanin AS (1993). combined effects of organic 
source, irrigation water salinity and moisture level on the growth and 
mineral composition of barley grown on calcareous soil. Desert Inst. 
Bull. 43:123-138.  

Elsokkary IH, Baghdady NH, El-keiy OM (1989). Yield and elemental 
composition of plant crops grown on sewage sludge-amended 
calcareous soil. VDLUFA Schriftenreihe Kongre band, 28:1365-1375. 

Gee GW, Bauder D (2002). Particle size analysis. In: Dane, J.H. and 
Topp, G.C. (eds.). Methods of soil analysis. Part 4, physical methods. 
Soil Sci. Soc. Am. 5:255-293. 

GENSTAT (2007). GENSTAT Release 7.2DE, Discovery Edition 3, 
Lawes Agricultural Trust, Rothamsted Experimental station.  

Gomez KA, Gomez A (1984). Statistical procedure for agricultural 
research, second edition. John Wiley and sons, New York. 

Klute  A,  Dirkson  C  (1986).  Hydraulic  conductivity  and  diffusivity: 
Laboratory methods. In: Klute, A. (Ed.) Methods of soil analysis. Part 
1. Physical  and  mineralogical  methods,  American  Society  of 
Agronomy Madison, Wisconsin, USA. 
http://dx.doi.org/10.2136/sssabookser5.1.2ed.c29PMid:12267821 

Mafongoya BL, Bationo A, Kihara J. Waswa BS (2007). Appropriate 
technologies to replenish soil fertility is Southern Africa. In advances 
in integrated soil fertility management in Sub- Sahara African: 
challenges and opportunities. Springer Publisher. Dordrecht. The 
Netherlands, pp. 29-44. 

 
Mclean EO (1982) . Soil pH and lime requirements. In: Page, A.L. 

(eds.). Methods of soil analysis, Part 2. Chemical and microbial 
properties, second edition agronomy Series P. 9 Madison, WI, USA, 
ASA, SSSA.  

Murphy J, Riley JP (1962). A Modified Single Solution Method for 

Determination of Phosphate in Natural Waters. Anal. Chem. Acta 

27:31-36. http://dx.doi.org/10.1016/S0003-2670(00)88444-5 

 
 

130      Int. J. Soil. Sci. Agron. 
 
 

 
Page JR, Miller RH, Keeney DR, Baker DE, Roscoe Ellis JR, Rhoades 

JD (1982). Methods soil analysis 2. Chemical and microbiology 
properties (2nd Edn.) Madison, Wisconsin, U.S.A, P. 1159. 

Schlecht E, Burekert A, Tielkes E, Bationo A (2007). A critical analysis 
of challenges and opportunities for soil fertility in Sudano-Sahelian 
West Africa. In advances in intergrted soil fertility management in 
Sub-Sahara African: Challenges and opportunities. Springer 
publisher. Dordrecht. The Netherlands pp. 29-44.  

Smiciklas KD (2007). Utilizing processed swine manure as a soil 
amendment for crop production. Department of Agriculture, Illinios 
State University, Livestock and Urban Waste Team. 

Srivastara KP (2007). Academic dictionary of agriculture, first edition, 

India Publishers. New Delhi. 


